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1. Innovative Places in Europe

1.1. Introduction and Motivation

Regional disparities and the processes of regional divergence and spatial clustering are
ubiquitous in today’s world. Researchers frequently point to the emergence and existence
of dense urban areas and systems of cities around the globe (Krugman, 2009; Desmet
and Rossi-Hansberg, 2010; Henderson, 2010).1 They discuss the nature of the emergence
and growth of metropolises, megalopolises and large core cities along seaboards and rivers,
which are connected to large industrial belts (Acs, 2002; Fujita and Krugman, 2003; Combes
and Overman, 2004).2 Accordingly, the spatial clustering of production and employment
is ubiquitous in regions across the world and is considered to be only partially dependent
on physical geography.

Hinloopen and van Marrewijk (2004) reported an uneven distribution, irrespective of the
kind of activity or level of economic and regional aggregation.3 In the same vein, Krugman
(1992, 5) has argued:

“Step back and ask, what is the most striking feature of the geography of economic

activity? The short answer is surely concentration [...] production is remarkably

concentrated in space.”

Once a core of economic activity has been established, be it a large city or an agglomerated
region, it increases in overall size and processes of self-reinforcement increase its importance
due to centripetal (agglomerative) forces and cumulative circular causation (Duranton and
Puga, 2004; Combes et al., 2008). Accordingly, the propensity of economic clustering
can be observed on many spatial levels: the spread of blocks and downtown areas of
metropolises; the formation of megalopolises; core-periphery structures at the regional level;
the emergence of industry agglomerations within countries; and the spatial concentration
of economic activity in a few countries within federal unions, e.g., the European Union
(EU) and the United States (Combes and Overman, 2004; Fujita and Mori, 2005). Today,
clustering is a phenomenon that determines the structure of both wealthy, industrialized
regions and countries and also regions and countries which are in a period of transition
(Duranton and Puga, 2004; Desmet and Rossi-Hansberg, 2010; Henderson, 2010).

Furthermore, Hinloopen and van Marrewijk (2004) mentioned several stylized facts which
are related to the geography of economic activity. They argued that there exists a series
of possible combinations of types of economic activity, its distribution, its economic and
geographic aggregation, and the interaction between locations. The authors condensed the

1 See also Duranton and Puga (2004).
2 Refer also to Fujita and Mori (2005) and Florida et al. (2008).
3 Similar results have been reported by Brakman et al. (2005). See Audretsch and Feldman (1999) and

Audretsch and Thurik (2001) for similar arguments.
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2 1. Innovative Places in Europe

real-world complexity of the distribution of economic activity to a few stylized facts and
argued that: (i) the distribution is generally uneven, regardless of the type of economic
activity; (ii) the distribution is generally uneven, regardless of the geographic aggregation
level; (iii) the distribution is generally uneven, regardless of the level of economic aggrega-
tion; (iv) there is a remarkable regularity in the spatial distribution of economic activity;
and (v) there exists a remarkable regularity in the interaction between regions and centers
of economic activity.4 This study aims to approach some of these stylized facts with spe-
cial focus on research activity, i.e., patenting activity, research clustering and inter-regional
co-patenting networks at the level of European regions.5

According to recent findings which have been recorded in the economic geography literature
(Krugman, 2009; Fujita and Thisse, 2009), in the urban economics literature (Duranton
and Puga, 2001; Henderson, 2010) and in the economics and geography of innovation
literature (Feldman, 2000; Feldman and Kogler, 2010; Malecki, 2010), spatial structure
should nowadays be challenged as a central determinant of distributional dynamics and
regional development, particularly in the context of knowledge-intensive industries (Tichy,
1998; Capello, 2009; Feldman and Kogler, 2010). Geographic proximity is considered to
be a crucial factor with regard to innovative activity and research clustering (Camagni,
1991b; Capello, 2009; Malecki, 2010). This argument is based upon the observed “tacitness”
of knowledge, which is considered to enforce the spatial concentration of research activity
and thus to increase regional disparities (Lissoni, 2001; Breschi and Lissoni, 2001a; Gertler,
2003). Countries are believed to progressively shift towards knowledge-based economies
and thus to generate an increasing demand for basic knowledge and highly-skilled people
(Feldman, 1999; Florida, 2002b; Foray and Lissoni, 2010).

A key argument which is discussed in the literature on inventorship location and co-location
is that it is not only pecuniary transactions and formal collaborations in dense, anonymous
markets that matter. Research collaborations in persistent R&D networks and informal
social networks between researchers are considered to be of pivotal importance for research
clusters and regional development.

From a theoretical point of view, geographical economics, economic geography proper and
innovation system adherents have developed an established tradition of studying spatial
clustering and agglomeration phenomena in respect to the benefits of geographical prox-
imity for innovative activity, which is often labeled as “Marshallian externalities of the
third kind” (Breschi and Lissoni, 2001a; Lissoni, 2001; Henderson, 2003a).6 In addition to
knowledge transmission via formal linkages, such as research collaborations, there is a wide
consensus that knowledge spillovers constitute an important working channel for knowledge
transfer at the individual and regional levels, and that these externalities have a positive

4 See also Duranton and Puga (2001), Combes and Overman (2004) and Hinloopen and van Marrewijk
(2006).

5 Co-patenting or co-authorship refers to a situation in which a patent document/application either
lists more than one individual as a designated inventor (co-inventor or co-assignee) or a patent is
applied for by more than one individual. Within this study, the terms co-inventorship, co-authorship,
co-inventing and co-patenting are used interchangeably, although the inventor address is applied in all
analyses. Furthermore, the terms “research activity,” “patenting activity” and “inventorship activity”
are used interchangeably, although they are indeed not perfectly overlapping (see chapter 3, section
3.2).

6 See also Duranton and Puga (2004).
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1.1. Introduction and Motivation 3

effect on regional innovative capacity, inventive activity, per capita income, productivity
and employment growth (Bottazzi and Peri, 2003; Moreno et al., 2005a; Usai, 2008).7 The
main argument is that agents (researchers, entrepreneurs), located close by and especially
in cities (and clusters), should be able to innovate faster than agents located in the periph-
ery, as spatial proximity induces spatially bounded externalities and eases the transmission
of distance-sensitive tacit and codified knowledge (Florida, 1995; Fujita and Thisse, 1996;
Audretsch and Feldman, 2004).8 It is generally argued that research collaborations and
knowledge spillovers predominantly take place between neighboring regions over a short
distance (Feldman, 1999; Lissoni, 2001; de Groot et al., 2009).9 High-technology indus-
tries in particular are believed to exhibit strong tendencies to cluster in space and to
co-agglomerate across a small number of regions because of their strong dependence on
specific labor and capital inputs, on the transfer of tacit knowledge within formal and in-
formal networks, and on distance-sensitive down- and upstream interactions with suppliers
and customers (Feldman, 1994b; Audretsch and Feldman, 1996, 1999; Scherngell, 2007).

However, it has also been argued that essential factors for production, e.g., technology-
specific R&D tasks, are increasingly external to the region (Bathelt et al., 2004; Powell
and Giannella, 2010; Hoekman et al., 2010). According to this argument, regions are
becoming increasingly dependent on the inter-regional transmission of pieces of valuable
information and knowledge. In this respect, several studies have mentioned that research
activities show ongoing dispersion tendencies and that research collaboration increasingly
takes place via long-distance linkages within inter-regional co-inventor networks between
centers of research excellence. In this regard, research collaborations that shape inter-
regional networks are assumed to represent pivotal carriers of tacit and codified knowledge
(Johansson, 2005; Ejermo and Karlsson, 2006; Maggioni and Uberti, 2009).10 For this rea-
son, regions (and clusters) are considered to be positively affected by knowledge inflows, by
their position in inter-regional research networks and by their international connectedness
to knowledge hot spots and centers of excellence (Bathelt et al., 2004; Saxenian, 2006,
2007).

Social and private marginal returns do not generally coincide in agglomerations and clus-
ters, which is said to justify policy intervention (Duranton, 2008a). Regarding this issue,
policy programs at the regional level, with the explicit aim to strengthen local and regional
innovation potentialities, have become very popular within the last decade, especially at the
European level but also across the OECD member states (OECD, 1999, 2007c,a, 2009a).
European policymakers have shown, and are still showing, an increasing interest in re-
gional policy programs, especially with regard to cluster creation and cluster promotion
(Werker, 2006; PRO INNO Europe, 2010; Europe INNOVA, 2011).11 Regional, national
and European authorities are increasingly applying Science-Technology-Innovation (STI)
policy programs in order to have an impact on the intra- and inter-regional growth poten-
tialities, regional knowledge bases and regional absorptive capacities with regard to new
knowledge and new technologies (Rodŕıguez-Pose, 2001; Vieregge and Dammer, 2007). In

7 See also Greunz (2003a), Greunz (2004), Greunz (2005) and Crescenzi et al. (2007b).
8 For an overview refer to Feldman (2000).
9 See also Camagni (1991b) and Capello and Faggian (2005).
10 See also Johnson et al. (2006).
11 See, e.g., PRO INNO Europe (2010); Cluster Excellence (2011); Europe INNOVA (2011). Neverthe-

less, quantitative studies on the distribution are still missing.
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4 1. Innovative Places in Europe

this respect, regional programs on spatial clustering and inter-regional research networks
are considered to intensify inter-regional knowledge flows and knowledge externalities, and
to improve the attractiveness of high-technology (knowledge-intensive) locations for firms
(Rodŕıguez-Pose and Fratesi, 2007; Hoekman et al., 2010).

With regard to the European research landscape and the European cohesion and technology
policy (i.e., the Europe 2020 program), three priorities can be identified (European Com-
mission, 2011a,j): (i) smart growth and the development of a knowledge- and innovation-
based economy; (ii) sustainable growth and the promotion of resource-efficient competitive
industries and economies; (iii) inclusive growth, which enforces a high-employment econ-
omy with social, economic and territorial cohesion. According to the green paper of the
European Commission, the intended “European Research Area” (ERA), as presented in
Box 1.1, which is a policy tool but also an explicit policy target, is considered to serve
several aims: (i) a significant interdisciplinary flow and exchange of researchers with high
levels of mobility between institutions, regions, sectors and member states; (ii) excellent,
interdependent infrastructures for research, accessible to research teams across the Euro-
pean regions; (iii) research organizations, which are engaged in public-private partnerships
and co-operations, that are forming the core of European research clusters; (iv) clusters
specialized in interdisciplinary areas and technologies and a critical mass of resources (see
also Cluster Excellence, 2011); (v) an effective diffusion of knowledge between public and
private research; (vi) European research programs, public research investment with com-
mon priorities, coordinated implementation and joint evaluation; (vii) increased openness
of the ERA with an emphasis on neighboring regions and countries; and (viii) a clear vision
and strong commitment among Europe’s partners to addressing European and global chal-
lenges (European Commission, 2011a,j). With regard to the aforementioned features, the
analysis of regional disparities and the clustering of European research activities and the
identification and analysis of inter-regional research collaborations is considered to be of
vital importance for a detailed understanding, conclusions and normative reflections.12

However, research agendas have mainly emphasized the structures and dynamics of Euro-
pean income distribution, the development of blue- and white-collar work, the effects of
trade specialization and diversification on national growth, the effects of economic integra-
tion via freeness of trade and labor mobility, and changing national growth performances
from a convergence-divergence perspective (Combes and Overman, 2004; Abreu et al.,
2005). Spatial disaggregation and the need for an explicit recognition of geographic char-
acteristics and regional interdependence did not become a central issue until the late 1990s.
As a consequence, the analysis of the distributional dynamics of knowledge-intensive tasks
and processes, i.e., regional research and patenting activity, has only ever occupied an in-
ferior position on research agendas and in regional studies (Combes and Overman, 2004;
Harris, 2008). In contrast to the well-developed theoretical and empirical literature on the
structures and dynamics of production and employment at the national level, the litera-
ture on research clustering, i.e., regional patenting activity, still offers unexplored fields
and unanswered research questions. In the European context, it is argued that empirical
studies on the distribution and clustering of research and patenting activity have, unfortu-

12 For a comprehensive overview refer to European Commission (2011a,j). See also Werker (2006)
for an overview of the European regional policy and Hagemann and Geiger (2009) for productivity
developments in Europe, the New Economy and the Lisbon agenda.
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1.1. Introduction and Motivation 5

nately, occupied a rather minor position on research agendas. Furthermore, the majority
of studies focused directly on spillovers, growth effects or the micro-foundations of knowl-
edge transmission (de Groot et al., 2009; Beaudry and Schiffauerova, 2009). Fortunately,
the empirical literature has grown considerably, and today contains a large number and
variety of seminal qualitative case studies (Saxenian, 1990; Kenney and von Burg, 1999;
Glaeser, 2005b) and quantitative studies of selected countries and predefined groups of
regions (Archibugi and Pianta, 1992; Amiti, 1999; Midelfart-Knarvik et al., 2004). Never-
theless, a comprehensive, harmonized and quantitative pan-European study at the regional
level, which challenges the aforementioned issues for a meaningful number of technology
fields, and which covers the 1980s, 1990s and 2000s, is still missing. Moreover, the empir-
ical literature is still lacking a harmonized, technology field-specific quantitative research
cluster study, which applies a balanced regional classification, and which identifies research
clustering through the application of a harmonized, multidimensional measure for the en-
tire population of the 819 European TL3 regions (Martin and Sunley, 2003). Regarding
the last three decades, it is still unclear whether the entire population of European re-
gions is characterized by a decrease, increase or a lack of change in regional disparities in
technology field-specific research and patenting activity.

A glance at European patent statistics demonstrates that patenting activity has increased
since the 1980s (van Zeebroeck et al., 2008, 2009).13 Figure 1.1 illustrates that the number
of patent applications at the European Patent Office (EPO) has increased since the 1980s.14

The largest fraction of EPO patent applications within the EU-27 group originates from
the EU-15 countries. The New Member States (NMS, also CEEC) account for a small but
increasing share of EPO patent applications.15

From a national perspective, figure 1.2 highlights the number of EPO patent applications by
country since 1977.16 This more disaggregated view demonstrates that patenting activity
in Europe is highly skewed. Leading positions in patenting activity are occupied by, among
others, Germany, France, Denmark, Italy, the United Kingdom, the Netherlands, Belgium,
Sweden and Switzerland, and are today recognized as a stylized fact.17 In comparison, the
less prolific countries with regard to patenting activity include Estonia, Latvia, Bulgaria,
Cyprus and Malta. However, even within the EU-15 group, Greece, Portugal and large
parts of Italy and Spain show rather modest levels of patenting activity and represent,
together with the NMS, the lower end of the distribution. Furthermore, it is obvious from
these statistics that the NMS mainly started to file patent applications at the EPO in the
second half of the 1990s.

The skewness of the distribution of EPO patent applications at the national level provides
unambiguous evidence that research activity is generally unevenly distributed across coun-

13 A similar trend is visible for patent applications at the USPTO by American inventors since 1985
(Kortum and Lerner, 1997; Hall and Ziedonis, 2001; Hall, 2005). Similarly, EPO President Benôıt
Battistelli has argued in January 2011 that “[t]hese figures clearly indicate that demand for patent
protection is on the rise again, after the economic downturn of the previous two years.” (European
Patent Office, 2011c).

14 For an overview of the structure and mission of the EPO refer to European Patent Office (2011b).
15 The CEE-10 are also labeled New Member States (NMS). In the following, the terms CEEC, CEE-10

and NMS are used interchangeably.
16 A complete list of the EU-27 countries and abbreviations is presented in table B.3 in the appendix.
17 For a comprehensive overview, refer to Combes and Overman (2004) and Frietsch and Schmoch (2006).
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Fig. 1.1. Patent applications at the EPO 1977-2005
Source: own illustration. Notes: Number of EPO patent applications; data extracted from OECD RegPAT
(January 2009) and OECD (2009d); fractional counts.
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Fig. 1.2. Patent applications at the EPO 1977-2005 by country
Source: own illustration. Notes: Number of EPO patent applications; data extracted from OECD RegPAT
(January 2009) and OECD (2009d); fractional counts.
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8 1. Innovative Places in Europe

tries. However, the observed national values and obvious national disparities are solely
reflections of distributions at a more disaggregated level, i.e., at the regional level. Accord-
ing to Combes and Overman (2004), country-level studies and cross-country comparisons
have hit fairly rapidly decreasing returns. In opposition, statements about economic ac-
tivity at the regional level are much more difficult to make and, up to today, only a few
trans-regional studies exist. There is a meaningful lack of comprehensive pan-European
studies on inventorship distribution at the regional level. Unfortunately, regional R&D
data for a comprehensive number of countries and regions at the TL3 level do not exist. In
this respect, the analysis of patent statistics at the regional level is considered to be a key
approach to unfolding and understanding the geographic nature and regional disparities
in research (patenting) activity. Moreover, it is assumed that regional studies generally
overcome the significant conceptual issues which are inherent in studies that are conducted
at the national level, as meaningful processes and factors are only observable at lower levels
of spatial aggregation, i.e., research clustering, the inter- and intra-regional migration of
researchers and localized co-patenting networks within countries (Combes and Overman,
2004; Dewhurst and McCann, 2007). This is particularly a severe issue when normative
conclusions and reflections have to be developed in a political economy context.

Taking into account the criticisms presented above, the following map (figure 1.3) highlights
the regional densities of EPO patent applications (2003-2004) for the 819 European TL3
regions that represent the EU-25, Switzerland and Norway (OECD, 2003, 2006).18 It is
obvious that the distribution is highly skewed and that the European landscape of regions
is determined by noticeable core-periphery structures.

It can be concluded that the aforementioned values of EPO patenting activity at the coun-
try level mainly result from a highly skewed distribution at the regional level. Accordingly,
it seems that only a small fraction of European regions account for the majority of Eu-
ropean research and patenting activities. Although the manifold economic factors and
incentives that lead to agglomeration and clustering cannot be depicted in this study, it
is nevertheless desirable for the empirical analyses to make an empirical contribution to
the regional disparities illustrated above. This is one of the main objectives of this study.
Hitherto, no pan-European studies exist that cover a comprehensive number of technology
field aggregates and the entire population of European regions at the TL3 level. Therefore,
this study presents and discusses methodologies and empirical results which are related
to the structure and dynamics of research clustering and regional disparities in patenting
activity in a comprehensive range of technology field aggregates in the 1980s, 1990s and
2000s, and covers the entire population of 819 European regions (EU-25, Switzerland and
Norway). In addition, this study introduces a multidimensional research clustering index
for harmonized global statistics and the identification of research/ innovation clusters in
Europe.

Nevertheless, clustering of research and patenting activity represents only one structural
aspect of the European research landscape. With regard to the previous waves of global-
ization, and in particular to the meaningful technological progress which has been made
in the field of ICT, researchers frequently discuss the “death of distance” and “weightless

18 Regarding data generation and methodological issues refer to chapter 3, section 3.3.

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



1.1. Introduction and Motivation 9

EPO patent applications (per million)
by region (tot.nb.) 2003-2004

0,000000

0,000001 - 50,000000

50,000001 - 75,000000

75,000001 - 250,000000

250,000001 - 1346,142742
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polygon projection with ArcGIS 9.3.1. environment.
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10 1. Innovative Places in Europe

economy” (Audretsch, 1998; Giddens, 2000; Crafts and Venables, 2003).19 Inter-regional
research collaborations, such as border-crossing co-inventor activities in research networks,
are considered to represent pivotal factors for regional development (Rodŕıguez-Pose and
Crescenzi, 2008; Maggioni and Uberti, 2009; Capello, 2009). The internationalization of
technology and R&D shows large cross-country differences (Guellec and van Pottelsberghe
de la Potterie, 2001; Belitz et al., 2006). However, the regional level has been the sub-
ject of only preliminary research. Furthermore, the analysis of patent data as relational
data in this study is additionally motivated by the fact that European member states
show an increasing number (and share) of EPO patent applications that originate from
research activities and collaborations with foreign co-inventors and researchers located in
other regions (Frietsch and Schmoch, 2006; Blind et al., 2006).20 Figure 1.4 illustrates this
general trend at the country level for the European member states. However, it has to be
argued that the observed co-patenting tendencies at the level of European member states
are, once again, merely reflections of possible variations in developments at the regional
level (Maggioni and Uberti, 2009; Hoekman et al., 2010). Another crucial aspect is that
different technology fields have different patenting propensities, which has to be taken into
account in co-patenting studies (Frietsch and Schmoch, 2006). Therefore, co-inventorship
activity and co-patenting networks have to be examined at both the regional and tech-
nological levels. In this respect, a pivotal part of the empirical analysis in this study is
dedicated to inter-regional co-patenting network structures and their dynamics since the
1990s according to the different technology fields.

It has been argued in a few studies that European research networks are characterized by
a significant dispersion and expansion (Hagedoorn, 2003; Paci and Usai, 2009; Hoekman
et al., 2010). Unfortunately, the empirical literature only shows a small amount of progress
regarding the structure and dynamics of inter-regional co-patenting activity and technology
field-specific co-inventor networks within and between European regions, as most studies
have focused on single countries (Ejermo and Karlsson, 2004; Ponds et al., 2010). A pan-
European analysis of joint patenting for a comprehensive number of technology fields at
the regional level does not exist. Hence, the structural characteristics and dynamics of
inter-regional research networks at the level of smaller European regions, i.e., at the level
of the 819 European TL3 regions of the enlarged EU, including Switzerland and Norway,
are still unexplored. Regarding the geographic and technological dimension of European
network structures, there is still a significant lack of knowledge and a continuing lack of re-
search, which leads to a symptomatic deficit in positive results and normative reflections.21

Accordingly, it is unclear whether the last two decades have brought about a stronger
spatial dispersion or concentration of technology field-specific co-inventor networks. This
research gap is best described by TerWal and Boschma (2009) and Malecki (2010), among
others. TerWal and Boschma (2009, 742), albeit rather too pessimistically, argued that

19 Refer also to Cairncross (2001).
20 A co-inventor is an inventor whose name appears alongside the name of at least one other inventor

in a patent application/patent document and who has contributed to the patented invention. Such
a person is also called a “joint inventor” or “co-assignee.” The terms “co-inventor,” “co-patentee”
and “co-assignee” will be used interchangeably in this study, as well as “co-inventor network,” “co-
patenting network” and “co-inventorship network.”

21 Malecki (2010, 505) has recently argued, “[h]owever, we still know far too little about when - and
whom and where - knowledge flows.”
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Fig. 1.4. Number of EPO patent applications with foreign co-inventors
Source: own calculations and illustration. Notes: Number of patents with foreign co-inventors since 1980
for selected country groups; total co-operations (EPO co-patents) with abroad; EU-15, EU-25, NMS and
CH and NO; data extracted from RegPAT (January 2009) and OECD (2009d); fractional counts.
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12 1. Innovative Places in Europe

“[v]irtually no studies on the dynamics of the structure of networks in space exist

[...]. [F]urther research is needed on how the structure of networks evolves over time

and space and, particularly, how the evolution of networks is related to the evolution

of clusters. [...] treating patent data as relational data provides us with considerable

opportunities to study the dynamics of regional innovation networks, which is, till

today, a rather unexplored though promising field of study.”

These impressions can be considered to be a starting point for the organization of a the-
oretical review and particularly for the development of the empirical research method-
ology applied in this study. A significant expansion of technology field-specific, inter-
regional, border-crossing co-inventor networks, measured according to their inter-regional
co-patenting linkages, can be interpreted as evidence for an increase in the number of
inter-regional research collaborations and an ongoing integration of European regions into
complex inter-regional European research networks. Such a development would correspond
with the European Community’s explicit target to create an integrated and dynamic re-
search area (i.e., the ERA).22

To the best of the author’s knowledge, this study is the first to analyze the structure and
dynamics of inter-regional co-patenting networks between more than 800 European TL3
regions and a comprehensive number of technology fields. The main objective of this co-
patenting analysis is to explore the development of inter-regional co-inventor networks since
the 1990s and to identify key regions in these networks. Furthermore, the current position
of the NMS regions in these networks is ambiguous. Similarly, evidence regarding the
network position of the regions of the cohesion countries, i.e., Greece, Spain and Portugal,
and the NMS is rather weak.23

Regarding income disparities and regional growth in Europe, the distribution of patenting
activity may also be related to regional convergence of per capita income and the issues as-
sociated with technological congruence (Quah, 1996; Abreu et al., 2005; Henderson, 2010).
In a global context, income disparities are generally assumed to vanish as national per
capita incomes show meaningful convergence in a cross-country perspective (Sala-i-Martin,
2006; Brakman and van Marrewijk, 2008). At the regional level, urbanization and develop-
ment are considered to go hand-in-hand (Williamson, 1965; Henderson, 2010).24 A natural
starting point is the work of Kuznets (1955) and Williamson (1965) on income inequality
and regional disparities. According to the Kuznets curve, developing countries suffer from
a meaningful increase in income disparities in the earlier stages of development, followed by
a decline in income disparities in later stages. The result is the popular inverted U-shaped
relationship between per capita income and inequality. Williamson (1965) claimed that
national development creates increasing regional disparities in the early stages of develop-
ment, while later stages of regional development are characterized by regional convergence
(Martin et al., 2008; de Dominicis et al., 2008; Henderson, 2010). Following Williamson
(1965), regional disparities are said to increase at the beginning, because growth is mostly
local and hence increases inequalities. It is argued that catching-up countries are mainly
driven by a small number of regional “growth poles” in the early stages of development, in
which physical capital, skilled workers and research activity are concentrated. Productivity,

22 For further details on ERA, refer to European Commission (2011i).
23 See also European Commission (2011g).
24 For an overview refer to Capello (2007).
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1.1. Introduction and Motivation 13

gross value added (GVA) and GDP per capita accelerate only in these core regions, which
leads to significant increases in regional disparities and core-periphery structures (Szörfi,
2007). At later stages of economic development, these core regions exhibit higher factor
costs (labor, capital, land) and meaningful diseconomies of agglomeration, i.e., centrifugal
forces, which emerge in the growth pole regions and work against the centripetal forces.
Then, capital accumulation and human capital are assumed to relocate to the periphery,
where factor costs are lower, which finally leads to dispersion and some kind of conver-
gence. Accordingly, it is argued that spatial concentration and inequality are part of the
development process (World Bank, 2009; Henderson, 2010). Therefore, the study addresses
whether or not capital regions and urban and metropolitan regions exhibit higher growth
rates of GDP per capita between 1995 and 2006 and compares the NMS and the EU-15.

Regarding European enlargement, accession and cohesion countries generally undergo se-
vere structural adjustments (Hagemann, 2004). With regard to regional development,
economic and technological convergence represent essential targets of the European Com-
munity’s policy (see Box 1.1).25 It is therefore particularly important to analyze the devel-
opment of regional disparities in per capita income in a pan-European context. Although
European member states seem in general to converge at the national level with regard to
economic activity, i.e., the legendary 2% rate of convergence (Sala-i-Martin, 1996; Hage-
mann, 2004; Abreu et al., 2005), several studies point to persistent regional disparities
or even divergence (Duro, 2004; Rodŕıguez-Pose and Fratesi, 2007).26 Moreover, a few
empirical studies reported preliminary evidence that regions within the 10 NMS are di-
verging, compared to the EU-15 group of regions (Rodŕıguez-Pose and Fratesi, 2007; Paas
and Schlitte, 2008). At the same time, as a consequence of the European enlargement pro-
cess, the core of European growth and the center of gravity for future regional European
cohesion policy has expanded and shifted to the eastern and southern parts of Europe.
Eastern European enlargement has induced an increase of more than 30% of the European
areal surface and an increase in the European population of more than 25%, but neither
a relevant increase in the average per capita GDP nor a meaningful increase in average
research activity (Szörfi, 2007; Paas and Schlitte, 2008; European Commission, 2011b).27

However, one of the central European Community’s objectives is to enhance economic and
social cohesion within Europe. As a consequence, European enlargement activities and
regional policy have to deal with the issue of considerable regional disparities within and
between the European member states (Arbia et al., 2005; European Commission, 2011h).
The question arises of whether the initial income levels of poorer and technologically and
economically backward regions (and countries) will converge to the level of the leading
industrialized European core regions (and countries), which has essential implications for
future regional growth paths, integration policy, structural funding and STI policy targeted
at the regional level (Rodŕıguez-Pose and Fratesi, 2007). Regarding innovative capacities
(i.e., research and patenting activities), it is still an open question as to whether or not
patenting activity (i.e., high-technology and non high-technology patenting activity) is
positively related to regional growth. Furthermore, to the author’s knowledge, growth

25 See also European Commission (2011i).
26 For further details refer to Abreu et al. (2005), Brülhart and Traeger (2005), Szörfi (2007), Paas and

Schlitte (2008) and Crespo Cuaresma et al. (2010).
27 For more details refer to European Commission (2011e).
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14 1. Innovative Places in Europe

regressions at the TL3 level which control for regional typologies are still missing in a
European context.

Box 1.1: The European Research Area

The creation of the so-called European Research Area (ERA) was suggested by the European
Commission (EC) in its official communication “Towards a European Research Area” (Eu-
ropean Commission, 2000, 2007b; European Council, 2010; European Commission, 2011b,j).
The objective of creating the ERA was affirmed by the European Union at the Lisbon Euro-
pean Council (in March 2000). The construction of the ERA is considered to work against
the past fragmentation of the European research landscape and knowledge economy. Ac-
cordingly, the ERA represents the general idea of implementing and supporting a coherent
policy framework, which is considered to be conducive to European research activities. The
ERA programs aim to mobilize a critical mass of research(ers), to reduce costly overlaps in
knowledge-intensive tasks and to improve research efficiency. Another aspect of the ERA is
the coordination and integration of mechanisms involving all levels of policy intervention in
Europe (European Commission, 2011b). The ERA also aims to achieve an increase in coher-
ence at the level of European regions. Convergence (i.e., dispersion of R&D, GDP, GVA) is
one of the key policy foci (see also chapter 5, Box 5.1). Several programs and actions have
been started in order to enforce the establishment of the ERA (e.g., a threshold target for
the European R&D investment intensity at 3% of countries’ GDP) (European Commission,
2011a). Research, education and innovation are particularly considered to represent the key
drivers within the knowledge-based society and future industries. In order to establish the
ERA, research is regarded as to develop strong(er) linkages to education and innovation (Eu-
ropean Commission, 2007a, 2011b,j).
The ERA includes several key programs and general frameworks. These European initia-
tives are considered to represent valuable steps for further progress (European Commission,
2011b,j).
After a first stage of development (2000-2006), the ERA experienced a renewal and strate-
gic advancement in 2007 with the publication of the green paper on its future development
(European Commission, 2007a, 2011b). In 2008, the member states and the EC defined the
so-called “2020 Vision” for the ERA, i.e., the “Ljubljana Process” (European Commission,
2011j). The member states launched several partnership initiatives to affect several areas:
the co-operation and mobility of researchers; the personal careers and working conditions;
joint research programs; the support and creation of modern research infrastructures; increas-
ing knowledge transfer and co-operation between industry and public research organizations;
international co-operation in science and technology (European Commission, 2011b,j).

To conclude, the thesis aims to contribute with global findings on the distribution of Euro-
pean inventorship/ research activity, with an alternative “top-down” cluster analysis and
a very general identification and structural analysis of inter-regional co-patenting linkages
(and networks) in a pan-European context. In addition, the study offers an analysis of Eu-
ropean regional income disparities and regional growth. Special emphasis is placed on the
significance of the regional settlement structure; it is tested whether or not capital regions
and urban and metropolitan regions exhibit higher growth rates of GDP per capita. As the
spatial distribution of knowledge stocks and researchers is considered a crucial factor for
regional development, persistent core-periphery structures in patenting activities should
then be reflected in significant differences regarding regional growth rates. This hypothesis
is empirically addressed in chapter 5.
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1.2. Outline of the Thesis and Research Questions

With regard to the aforementioned research gaps and issues, the main objective of this
study is to elaborate on the development of the regional disparities and territorial dynamics
of patenting activity in Europe and to analyze the development of European inter-regional
co-patenting linkages and network structures. Moreover, pan-European growth regressions
at the regional level complement this study. The study is organized in six chapters.

The literature survey in the second chapter offers the theoretical and empirical foundation
for the subsequent empirical analyses. It reviews major mechanisms, causes and effects
that determine the spatial distribution of knowledge-intensive activities and the emergence,
stability and growth of clusters and core-periphery structures.

The first part of the literature survey offers a review of different schools of thought that
challenge agglomeration economies, clustering, spatial concentration, co-agglomeration and
networks, and outlines the relevant theoretical debates (section 2.1.1). The main objective
is to elaborate on the different mechanisms which lead to a skewed geographic distribution
and clustering of research and patenting activity, i.e. core-periphery structures.28 The theo-
retical review addresses core-periphery structures relating to first- and second-nature causes
and effects of co-location, agglomeration and co-agglomeration, paying special attention to
the distribution of research and patenting activity. In opposition to first-nature causes
of agglomeration and clustering, second-nature agglomerative forces are independent from
physical geography. In this context, the concepts of the division of labor and indivisibilities
(section 2.1.3) and the well-known concept of external economies (section 2.1.4) are pre-
sented, as they bring together the different epistemic communities. With regard to external
economies, the theoretical review discusses the concept of pecuniary and non-pecuniary ex-
ternalities and the concept of urbanization and localization economies and offers a detailed
taxonomy (sections 2.1.4.3, 2.1.5 and 2.1.6). Regarding pecuniary externalities, section
2.1.5.5 briefly reviews the central conclusions of pivotal new economic geography models,
which offer some theoretical working channels of clustering and the relocation of economic
activity. In this respect, the crucial drawbacks of early new economic geography models
will be discussed, especially those relating to the missing channels of knowledge diffusion
and their inability to explain research clustering and the (re-)location of knowledge in-
tensive tasks. Regarding technological externalities, an emphasis will be placed upon the
missing circular causalities and cumulative causations in endogenous growth models in sec-
tion 2.1.6.6. It is argued that, although these models address knowledge externalities as
the pivotal reason for persistent regional disparities, they are generally unsuited to explain-
ing the process of industry agglomeration via relocation and research clustering dynamics.
The subsequent section 2.1.6.7 then briefly reviews new economic geography growth models
(growth-cum-geography models) and offers conclusions with respect to research clustering
and the development of regional disparities. Finally, the theoretical review in section 2.1.7
is extended to issues relating to knowledge spillovers, knowledge flows, linkages and the
effects of knowledge attributes on research clustering, with a special focus on knowledge-
intensive industries, research clustering and inter-regional co-patenting networks. Essential

28 Co-agglomeration is defined as agglomeration of two or more technology fields/industries in the same
location; co-location, in comparison, is defined as the siting of two or more firms in the same location
that form an agglomeration (Roos, 2002, 168; Gallagher, 2008).
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16 1. Innovative Places in Europe

elements in this context are distance decay effects and the possible spatial overlaps of ag-
glomerations and networks. Knowledge transmission is considered to be dependent on the
different attributes of knowledge, i.e., tacitness, codification, excludability and rivalry. Re-
garding the nature of inventive collaboration, the review differentiates between research
collaborations and knowledge flows within long-distance networks on the one hand and
spillovers at a proximate distance on the other. Section 2.1.7.5 discusses the tension be-
tween region-specific agglomeration economies at a proximate distance and the benefits of
external knowledge that enters the region via inter-regional research linkages.

The second part of the chapter (section 2.2) represents the empirical literature survey. It
offers a review of the current state of research and the different strands of empirical analysis
(section 2.2.1), which are related to the distribution of research activities in Europe, the
distribution of research networks and the analysis of knowledge flows and spillovers. In
addition to discussing methodological issues and the empirical results of studies on the
concentration and regional disparities of patenting activities in Europe (section 2.2.2),
the review also addresses the regional knowledge production function approach (section
2.2.3), the localization-urbanization approach (section 2.2.4), the patent citation approach
(section 2.2.5), the social network and inventor mobility approach (section 2.2.6), and
the co-patenting/co-inventor network approach (section 2.2.7). The empirical review is
essential to work out the advantages, drawbacks and shortcomings of central research
approaches, to develop a comprehensive database and to define the research methodology
for own empirical analyses. The review will demonstrate a meaningful need for additional
empirical research on regional disparities in patenting activity and on the structures and
development of European inter-regional co-patenting network linkages.

The third chapter represents the first empirical part of the study and offers a detailed
descriptive analysis of the regional disparities of European research activities, i.e. EPO
patenting activities. This analysis provides insights into the structure and distribution of
patenting activity across European regions. Moreover, the analysis incorporates a multidi-
mensional quantitative approach for the identification of research clusters at the regional
level.

In the first part of the chapter, section 3.1 introduces the research topic. The subsequent
section 3.2 presents the central issues relating to the application of patent data and section
3.3 introduces the regional database and applied spatial classification system. The anal-
ysis uses extractions of EPO patent applications (fractional counting) and EPO inventor
IDs (full counting) based on OECD RegPAT data (January 2009) and links them to 819
European TL3 regions (EU-25, Switzerland and Norway). All EPO patent applications
between 1977 and 2007 are regionalized and linked to 43 technology fields (ISI-SPRU-
OST concordance) and 6 high-technology fields EUROSTAT (2009). In section 3.4, the
analysis focuses on regional disparities and spatial concentration of research activities in
Europe, i.e., patent applications at the EPO. The analysis contributes empirical findings
on the distribution and geographic concentration of European patenting activity at the
level of European TL3 regions according to technology field and country. Global descrip-
tive distributional measures are applied in order to answer the question of whether or not
overall EPO patenting activity according to technology field is highly concentrated and
therefore unevenly distributed across European countries and regions. In addition, the
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1.2. Outline of the Thesis and Research Questions 17

empirical analysis answers the question of whether or not Europe is determined by an in-
creasing share of specialized regions, and whether technology fields in general have shown
tendencies of spatial dispersion within the last two decades. Besides reporting the stan-
dard descriptives, the empirical analysis also covers Herfindahl-Hirschman indices, location
quotients, relative patent densities, revealed technological advantage indices and Gini co-
efficients. The Gini calculations explicitly take into account the heterogeneity of regions
in terms of regional population and area size.

In the second part, section 3.5 offers a descriptive framework for identifying research clus-
tering in the European research landscape, i.e., the ERA. A harmonized, multidimensional
descriptive measure of research clustering at the regional level is introduced. The pro-
posed research cluster index (RCI) uses information on regional EPO patenting activities
and EPO inventors according to technology field and region, as well as information on re-
gional population, the size of the area and relative regional specialization. Based upon the
computed RCI, the empirical analysis emphasizes global statistics on European research
clustering by technology field and country and the identification of leading research clus-
ters according to technology field and country (number, share, strength of clusters). The
computation of the RCI for two periods, 1990-1994 and 2000-2004, offers the opportunity
for a dynamic analysis. The empirical analysis additionally links the computed technology-
specific RCI to the regional settlement structure in order to examine whether or not urban
and metropolitan European regions host a remarkably larger number of technology-specific
research clusters compared to intermediate and rural regions. Moreover, the computed RCI
is used to examine core-periphery structures in Europe, i.e., north-south and/or east-west
gradients, with a particular focus on the emergence and development of research clusters
in leading EU-15 countries and the NMS. This chapter also offers empirical results re-
garding the geographic coincidence/ co-agglomeration of research clusters at the regional
level relating to the regional typology (i.e., capital regions, metro regions, urban and rural
regions).

In the fourth chapter of this study, the empirical analysis places the emphasis on the
identification and exploration of European inter-regional co-patenting networks and the
analysis of spatial interdependence of EPO patenting activities at the regional level.

Section 4.1 represents the introductory part of the chapter. In the first empirical part
of the chapter (section 4.2), issues of spatial interdependence and regional spillovers from
patenting activity are discussed. Strong regional disparities in patenting activity may be
accompanied by spatial autocorrelation of regional EPO patenting activity. An explanatory
spatial data analysis (ESDA) is used to test for the presence of spatial dependence of EPO
patenting activity in 51 technology field aggregates. The analysis of different spatial dis-
tance bands addresses distance decay effects and functional boundaries. In the second part,
the chapter addresses innovative collaboration, i.e., co-patenting activity (section 4.3). The
methodology and relational database are presented and discussed in sections 4.3.1, 4.3.2
and 4.3.3. In a first step (section 4.3.4), the empirical analysis emphasizes co-patenting ac-
tivity at the national level. Therefore, the analysis explores foreign co-patenting activities
of the European member states since the 1980s. Border-crossing collaborations between
European researchers and fractional counting of patent applications may represent possible
origins of significant and positive spatial dependence. The empirical analysis of interna-
tional co-inventor activity focuses on the absolute numbers and shares of EPO patent
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18 1. Innovative Places in Europe

applications with foreign co-inventors since the early 1980s. The study presents results for
the EU-15 and NMS group and for selected extra-European countries (e.g., Switzerland
and Norway) and examines whether or not co-patenting activity with foreign co-inventors
from other countries has increased since the 1980s. The analysis of co-patenting activity
at the country level represents a necessary pre-analysis for the subsequent co-patenting
study at the regional level. In a second step, the study presents empirical results relating
to co-patenting linkages (and networks) between European regions (section 4.3.5). Based
on EPO co-patenting information for the reference periods 1990-1994 and 2000-2004, the
empirical analysis places the emphasis on the spatial configuration of 43 technology field-
specific co-patenting networks between European regions at different spatial levels (TL3
regions, TL2 regions and TL1 countries). The study analyzes whether or not these 43
technology field-specific co-patenting networks differ in terms of their overall size (nodes,
linkages) and whether or not the networks are dominated by similar groupings of regions.
The comparison of the networks at different spatial levels aims to distinguish between inter-
and intra-regional co-patenting linkages, as spatial aggregation to larger regions transforms
inter-regional linkages into intra-regional ones. The empirical analysis of the overall and
unique network linkages contributes to a detailed picture and understanding of European
research network structures. In addition to global network statistics (network size, nodes,
unique and overall linkages), the empirical analysis also contributes local network statis-
tics, i.e., the network centrality of regions (degree, betweenness). The analysis identifies
the core-units of European technology field-specific co-patenting networks, but also the
most peripheral regions. From a core-periphery perspective, the empirical analysis depicts
possible “hub-and-spoke” structures of technology fields, as not all European regions ex-
hibit a central position in co-patenting networks. In addition, the study analyzes whether
or not some regions represent “multi-technology hubs” due to their diversified co-patenting
activity and research strength in several technology fields.

The fifth chapter represents the third empirical part of the study and focuses on the Eu-
ropean growth process and income disparities at the regional level between 1995 and 2006.
Section 5.1 introduces the chapter and focuses on research gaps and the central issues with
regard to regional inequality, convergence and growth studies. The subsequent section 5.2
then offers an overview of the database which was employed, containing regional data and
the spatial classification systems. The first step involves an empirical analysis of Euro-
pean regional income disparities at the regional level (section 5.3). The analysis centers on
the distributional dynamics of GDP per capita (PPP) across European regions and asks
whether or not European regional disparities in GDP per capita are generally decreasing
since the 1990s. Moreover, the analysis decomposes overall regional income disparity into
within-subgroup and between-subgroup disparity, indicating that income inequality origi-
nates from income disparity across regions within countries and income disparity between
countries. Accordingly, the empirical analysis examines whether or not convergence of
per capita income levels is mainly a national phenomenon. Moreover, Gini indices and
generalized entropy measures at the regional level are applied. Furthermore, the analysis
examines whether or not the EU-15 countries exhibit similar trends in income disparities
when compared to the NMS. In a second step, the analysis emphasizes cross-sectional un-
conditional and conditional pan-European growth regressions for EU-15 and NMS regions
(section 5.4). The empirical analysis examines whether or not regional growth is differing
with regard to the level of regional technological knowledge and research activity (mea-
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1.2. Outline of the Thesis and Research Questions 19

sured by EPO patenting activity), and the regional settlement structure (capital regions,
metropolitan, urban, intermediate and rural areas). This analysis addresses whether or not
capital regions and urban and metropolitan regions exhibit higher growth rates of GDP
per capita between 1995 and 2006. As spatial dependence could potentially be an issue,
meaning that regional growth could be affected by neighboring regions’ growth processes,
tools of spatial econometrics, e.g., spatial maximum likelihood estimations, are additionally
applied.

The sixth chapter comprises a summary of the empirical results of the previous chapters.
It offers concluding remarks, a discussion of technical issues, drawbacks and shortcom-
ings and some normative aspects with regard to the geographic distribution of European
research activity, research clustering, inter-regional co-patenting networks and growth dif-
ferences relating to the regional settlement structure and regional patenting activity. Some
policy-related conclusions are elaborated on with regard to the observed regional patterns
and structural dynamics of research clustering and inter-regional co-patenting networks in
the ERA. Finally, the chapter offers a discussion of methodological and data related short-
comings of the presented empirical analyses and elaborates on issues of data availability
and the direction of future research in a pan-European context.
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2. Research Clustering, Co-Inventor Networks and

Innovative Places: A Literature Survey

2.1. A Survey of the Theoretical Literature

2.1.1. The Co-Evolution of Research Strands in the Cluster Literature

As centuries of research have been dedicated to land-use, core-periphery structures and in-
dustry location, the research of economists and geographers has led to a broad and complex
body of literature (Feldman, 1999; Harris, 2008; Thisse, 2011).29 Therefore, these theoret-
ical contributions need to be classified into several research lines, which will subsequently
be presented and discussed in the following sections, even though the main focus of this
study is on research clustering and the distribution of inventorship activity.

One suggestion regarding the origin of regional disparities and the causes and effects of
clustering can be found in the work of Ottaviano and Thisse (2001, 159), who argued
that

“[i]f we want to understand something about the spatial distribution of economic

activities and, in particular, the formation of major economic agglomerations [...] we

must assume either (i) that space is heterogeneous (as in the neoclassical theory of

international trade or in land-use models à la von Thünen), or (ii) that production

and consumption externalities exist and are many (as in modern urban economics)

or (iii) that markets are imperfect (as in spatial competition theory or in economic

geography).”30

Today, it is quite common in the literature to separate the aforementioned elements into
the following groups of the causes and effects that determine the (re-)location, co-location
and co-agglomeration of research and production activities: (i) comparative advantage;
(ii) externalities; and (iii) imperfect competition (i.e., monopolistic and oligopolistic com-
petition) (Combes et al., 2008, 42). However, the history of the literature on clustering,
agglomeration economies and regional disparities can be traced back to the beginning of
the 19th century. Nevertheless, for a long time, the processes of agglomeration and con-
centration occupied an inferior position on research agendas in the field of economics, and
especially the role of spatial proximity and concentration with regard to innovative capacity,
inventorship activity and innovation. Researchers have recently focused their attention on
the conceptual relationship between agglomeration and concentration tendencies and the
established spatial convergence studies that can be regarded as their empirical counterpart

29 See also Scott (2000), Clark et al. (2000) and Sheppard (2000).
30 The main advantage of the second source, namely technological externalities, is that this concept is

compatible with perfect competition.

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



22 2. Research Clustering, Co-Inventor Networks and Innovative Places

(Martin and Ottaviano, 2001; Brakman and van Marrewijk, 2008; Thisse, 2011).31 Agglom-
eration and spatial concentration is nowadays increasingly challenged in economic theories
(Rosenthal and Strange, 2001, 2003; Henderson, 2003a) and empirical analysis (Brülhart
and Traeger, 2005; Geppert et al., 2006; Fornahl and Brenner, 2009). Furthermore, the
issues associated with divergence and spatial clustering have become highly visible with the
emergence of metropolises, industrial belts and urban areas all around the globe, meaning
that the world is considered to have become more “spiky” (Fujita and Krugman, 2003;
Crescenzi and Rodŕıguez-Pose, 2008; Brakman and van Marrewijk, 2008).32 As has been
argued by many researchers, the earliest approaches and concepts date back to the seminal
contributions made by Ricardo (1821), Launhardt (1882), Marshall (1920b), among others,
and back to German location theory in particular (Thünen, 1966; Weber, 1929; Christaller,
1933; Lösch, 1954).33 Regarding the different sources of agglomeration economies and fac-
tors that influence industry concentration and clustering of knowledge-intensive tasks, the
work of Alfred Marshall (1890) is considered to be of central importance for both geogra-
phers and economists; especially the so-called “Marshallian externalities of the third kind”
(Breschi and Lissoni, 2003; Press, 2006a; Capello, 2007).34 A few decades after these ex-
ternalities were proposed, in the 1950s and 1960s, the neoclassical literature on location
was classified as the successor of the aforementioned classical contributions (Roos, 2002b;
Press, 2006a).35 The neoclassical approaches (a.k.a. regional science) improved the classi-
cal concepts of location, co-location and land-use; however, most contributions were unable
to explain the processes of co-location, agglomeration and dispersion by means of different
centripetal and centrifugal forces (Cruz and Teixeira, 2007; Blum, 2008). Moreover, het-
erogenous space and region-specific set-ups were not considered to be central elements. An
exception to this rule are “comparative advantage models,” which are based upon physical
geography and heterogenous spatial structures (i.e., natural endowments) and are well-
known in trade theory and cross-country trade studies (Combes et al., 2008; Krugman,
2009; Thisse, 2011).36

The second half of the 20th century was determined by a meaningful expansion of the
literature on clusters and by “new regionalism” (Storper, 1997, 2000; Scott and Storper,
2003), even though the contributions placed emphasis on different factors and relationships
and originated from different schools of thought (Maggioni, 2002; Press, 2006a; Capello,
2007).37 In light of these different theoretical advancements, which resulted in what Scott
(2000) called “the great half-century” in economic geography, a broad range of concepts can
be observed in retrospect.38 Many of the concepts which were proposed could be classified

31 For an overview refer to Krugman (1992), Ellison and Glaeser (1997), Arbia (2001) and Baldwin and
Martin (2004).

32 Refer also to Fujita and Mori (2005).
33 For a detailed literature survey, refer to Scott (2000), Keilbach (2000), Marques (2001), Martin and

Sunley (2003), Jonas (2005), Press (2006a), Cruz and Teixeira (2007), Capello (2007), Eckey (2008),
Freund (2008), Blum (2008) and Thisse (2011). For a comprehensive review and discussion of the
growth and development theories between the 1950s and 1980s refer to Hagemann (2006) and Capello
(2007).

34 For an overview refer to Keilbach (2000) and Cruz and Teixeira (2007).
35 See Isard (1956), Myrdal (1957), Alonso (1964) and Perroux (1970). For an overview refer to Keilbach

(2000), Roos (2002b) and Press (2006a).
36 For an overview refer to Roos (2002b) and Capello (2007).
37 See also Scott (2000), Roos (2002b) and Martin and Sunley (2003).
38 Refer also to Scott (2000) for a detailed survey of the intellectual history of economic geography.
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2.1. A Survey of the Theoretical Literature 23

as knowledge-based cluster approaches, including the following: the well-known “Italian
industrial districts” or “neo-Marshallian industrial districts” which consist of small Ital-
ian manufacturing firms with a region-specific tradition (Brusco, 1982; Becattini, 2002);
the Californian School of geographers and their concept of “new industrial spaces” which
focuses on the division of labor, vertical disintegration, transaction costs and path depen-
dencies (Scott, 1988; Storper, 1997; Scott, 2000); the French approach of the “innovative
milieus,” developed by the GREMI group, which focuses on territorial specificities, net-
works and untraded interdependencies with respect to the innovation process (Aydalot,
1986; Camagni, 1991b, 1995; Capello and Faggian, 2005); the “neo-Marshallian nodes”
(i.e., clusters) that are integrated into a global production network (Amin and Thrift,
1992); the “Porterian industrial cluster” approach, which is well-known from STI policy
(Porter, 1998a; Delgado et al., 2010); the “learning regions” approach that revolves around
learning processes, networks and region-specific factors (Florida, 1995; Asheim and Isak-
sen, 2002; Asheim and Gertler, 2005); and finally the “systems of innovation literature,”
i.e., regional innovation systems, which center around learning processes, region-specific
aspects and the institutional characteristics that influence the innovation process (Cooke,
2001; Doloreux and Parto, 2005; Cooke, 2008).39

The concepts and approaches listed above have contributed to our understanding of clus-
tering, co-location, agglomeration and co-agglomeration in a meaningful way. Although
inter-regional linkages are considered in these conceptions in some way, spatial proximity
has remained the primal source of cluster dynamics, as it facilitates face-to-face interaction,
networking and the exchange of tacit and codified knowledge between agents in knowledge-
intensive industries. Furthermore, geographers and economists have found their own spe-
cific research agendas, although there is a considerable overlap in several fields with regard
to theorizing and empirical analysis (Rodŕıguez-Pose, 2010).

In economics, the growing interest of researchers (and politicians) in a neoclassical tradition
has let to the emergence of the so-called “new economic geography” (Krugman, 1991;
Krugman and Venables, 1995a) (i.e., “geographical economics”), “urban economics” (Fujita
and Thisse, 1996; Combes et al., 2008) and the “endogenous growth theory” (Romer, 1986,
1990b). The community of researchers on geographical economics has contributed with
new generations of models of co-location and agglomeration, which are mainly built upon
pecuniary externalities that lead to an ever-contracting space (Krugman, 1991, 2009).40

As a consequence, location, co-location and relocation are modeled as the outcome of an
optimization process. The distribution of economic activity, i.e., industry location, and the
emergence of regional disparities are solely dependent on centripetal and centrifugal forces
that lead to either a symmetric distribution or a core-periphery structure. Consequently,
the salient feature of the new economic geography is the formalization of cumulative circular
causality, based upon factor mobility, vertical linkages or the accumulation of capital. In
comparison to the “geography of innovation” literature (Feldman, 1999), urban economics
similarly challenges knowledge diffusion and technological externalities with special focus

39 The emergence of national, sectoral, technological and regional conceptualizations of the innovation
system approach is the outcome of an intellectual debate on spatial heterogeneity, system boundaries
and perspective/dimension of analysis (Cooke et al., 1997; Fischer, 2001; Edquist, 2005; Doloreux and
Parto, 2005; Cooke, 2007, 2008). See also Christ (2007) for an overview.

40 For a comprehensive review see Martin (1999), Krugman (2000), Fujita and Krugman (2003), Fujita
and Mori (2005), Combes et al. (2008), OECD (2009a), Rodŕıguez-Pose (2010), Thisse (2011).
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on city structures and regional spillovers (Duranton and Puga, 2001; Storper and Venables,
2003; Henderson, 2010).41 Thisse (2011, 7) noted that

“urban economics now has strong links to theories of social networks and other forms

of local interactions, the urban neighborhood being the place where many non-market

relationships are developed.”

The contributions to the endogenous growth theory are heavily built upon the ideas of
Arrow (1962a,b) and the seminal work of Romer (1986) and Lucas (1988).42

In opposition to the optimization approach in geographical economics, researchers from the
“evolutionary economics” and “economic geography proper” traditions have challenged the
existence of clusters, agglomerations and varying economic development paths of regions
differently (Martin, 1999; Garretsen and Martin, 2011).43 They point to varying technologi-
cal regimes, path dependencies, populations of heterogenous agents (e.g., entrepreneurs and
researchers), institutional differences at the regional, sectoral and national levels, cultural
differences and the informal institutions and networks that shape the regional landscape
(Sheppard, 2000; Scott, 2000; Press, 2006a).

In an R&D clustering context, the knowledge-, learning- and innovation-based approaches
to clustering, agglomeration and growth (a.k.a. “geography of innovation” literature) place
the emphasis exclusively on the transmission and diffusion of channels of knowledge, inter-
personal relationships in networks, interactive learning processes, cultural and institutional
factors, and also on the sociological and behavioral aspects of the innovation process (Feld-
man, 2000; Bathelt et al., 2004; Lundvall, 2007).44 Moreover, one line of research focuses
in particular on the distribution of creativity, i.e., researchers and entrepreneurs (Fujita
and Thisse, 1996; Andersson et al., 2005; Fingleton et al., 2007). In addition, empirical
studies nowadays focus on the mobility (and migration history) of researchers (Almeida
and Kogut, 1999; Saxenian, 2006; Breschi and Lissoni, 2009), on co-patenting activities
between individuals, firms and regions (Maggioni et al., 2007; Maggioni and Uberti, 2009;
Kroll, 2009), and on “paper trails” of knowledge diffusion that are measured by using
patent citations (Jaffe et al., 1993; Maurseth and Verspagen, 2002; Paci and Usai, 2009).

Recent analyses have placed a special emphasis on the formal and informal linkages be-
tween agents and different forms of proximity (spatial, technological, cultural). Conse-
quently, the exploration of intra- and inter-regional networks lies at the heart of recent
studies (Bergman, 2009; Burger et al., 2009; Wilhelmsson, 2009).45 As it is argued, the
economic geography of innovation is increasingly combined with the concept of “open in-
novation,” which encompasses the analysis of spatial knowledge domains, the outsourcing
and fragmentation of R&D, and the transfer of different forms of knowledge across sectors
and space (Cooke, 2007; Powell and Giannella, 2010).46

41 See also Glaeser (2000), Puga and Duranton (2000) and Combes et al. (2008).
42 For an overview refer to Grossman and Helpman (1991a), Grossman and Helpman (1994), Rima

(2004), Jones (2004), Chandra and Sandilands (2005), Solow (2007), Harris (2008) and OECD (2009a).
43 See also Boschma and Frenken (2006) and Boschma and Frenken (2009a).
44 For further discussion and reviews refer to Feldman (1999), Asheim (2000), Audretsch and Feldman

(2004), Jonas (2005), Press (2006a), Cruz and Teixeira (2007) and Blum (2008).
45 See also Porter et al. (2005), Capello (2007) and Bergman and Maier (2009).
46 Capello (2009) offered a comprehensive review of the conceptual approaches to agglomeration

economies and develops a diachronic perspective; she argues that the 1970s were dominated by the
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A complementary view that links several of the aforementioned approaches and epistemic
communities is the “agglomerations and networks” line of research (Powell and Grodal,
2005; Johansson, 2005; Breschi et al., 2005).47 Today, geographers and economists are
both increasingly emphasizing the idea that spatial interaction, networks and places are
the key factors of regional development and key units of empirical analysis (Overman,
2003; Rodŕıguez-Pose, 2010; Garretsen and Martin, 2011). The central merit of these
approaches is their specific emphasis on the identification and explanation of different
effects and working channels of knowledge transmission, unintentional knowledge spillovers
and network linkages in a spatial context.

In summary, for both economists and geographers alike, the world is considered to have be-
come more “convex” and “spiky,” and to be dominated by large and increasingly intercon-
nected agglomerations separated by growing economic “deserts” (Florida, 2005; Duranton
and Rodŕıguez-Pose, 2005; Rodŕıguez-Pose, 2010).

Unfortunately, a comprehensive review and discussion of all of the aforementioned theo-
retical concepts, approaches and research streams in the context of (research) clustering
is clearly beyond the scope of this thesis.48 Despite their general methodological and con-
ceptual differences, meaningful overlaps and conceptual similarities between the aforemen-
tioned concepts and approaches can be observed, which will be illustrated in the subsequent
theoretical review.49

In the following, the literature review summarizes major working channels and forces that
determine clustering and agglomerative tendencies. A special emphasis is placed on re-
search clustering and regional disparities of research and patenting activity. The empirical
review in section 2.2 builds upon the theoretical survey and represents the starting point
of the empirical analyses in this study.

2.1.2. From First-Nature Agglomerations to Knowledge-Intensive Industries

First-nature causes of co-location and agglomeration emerge from physical geography and
are thus related to land use, climate, navigable waterways, immobile production factors

“industry” dimension, the mid-1970s by the “socio-cultural” dimension; the 1980s by the “cognitive”
dimension, the 1990s solely by the “spatial” dimension, the late 1990s by the “geographic/industry”
dimension and finally the 2000s onward by an “integrated approach” (Capello, 2009, 148).

47 See also Breschi and Lissoni (2009) and Bergman (2009).
48 The interested reader will find detailed reviews and surveys of the entire body of literature on clusters

in, e.g., Feldman (1999), Roos (2002b), Maggioni (2002), Bathelt and Glückler (2003), Press (2006b)
and Capello (2009), Rodŕıguez-Pose (2010), Garretsen and Martin (2011), Thisse (2011), among
others.

49 For discussion and reviews refer to Overman (2003), Duranton and Puga (2004), Duranton and
Rodŕıguez-Pose (2005), Polenske (2007), Capello (2007) and Harris (2008). Duranton (2008b, 10)
has argued that “[t]he relationship between [economic geographers and economists] has been fraught
with difficulties. On the one hand, many geographers react very negatively to the renewed interest by
economists in spatial issues. On the other hand, economists tend to ignore the work done by economic
geographers. Despite these difficulties, geographers may learn something from the economists’ more
rigorous approach while the greater breadth of geographers may offer a great source of inspiration for
economists.” For further comparisons of the different research communities see Castellacci (2007),
Castellacci (2008), Rodŕıguez-Pose (2010).
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26 2. Research Clustering, Co-Inventor Networks and Innovative Places

such as labor and natural resources, among others. The spatial typology and regional
(natural) endowments cannot be transformed or substituted (Mellinger et al., 2000; Ven-
ables, 2006; Sachs and McCord, 2008).50 Therefore, a region’s natural endowments can
be considered to significantly influence agglomeration and co-agglomeration of industries
but also the spatial structure of innovative activity.51 Accordingly, comparative advantage
emerges from the heterogeneity of space and thus presupposes an uneven distribution of
technologies, natural endowments, assets, or agents (Acs, 2002; Roos, 2002a; Combes et al.,
2008). Regarding physical geography, unfavorable characteristics of a location might be
a mountainous surface and geographic remoteness, which provide inferior infrastructure
potentialities, suboptimal climate conditions; favorable ones are, e.g., the availability of
mineral resources, fertile soil, navigable seaways (rivers and harbors) (Eaton and Kortum,
2002; Roos, 2002b,a; Puga, 2010).52 Trade structures are seen as the outcome of physical
geography as has been reviewed by, e.g., Crafts and Venables (2003). As Hinloopen and
van Marrewijk (2004, 3) stated,

“the wood industry is usually located in areas with lots of trees; big harbors are

usually at the mouth of a navigable river.”53

In a US context, Ellison and Glaeser (1999) discussed the natural advantage (abundance) of
the Washington state area in low-cost hydroelectric power, which has led to a significant co-
agglomeration of energy intensive industries (see also Acs, 2002, 3). Accordingly, exogenous
location determinants, which are not influenced endogenously by locations and their agent
structure, represent a first group of exogenous agglomeration and location factors that
can lead to core-periphery structures. The economic literature defines such factors (and
effects) as “first-nature” agglomeration effects (or causes) as has already been stated by
Marshall in his Principles of Economics ([1890] 1920). Marshall himself regarded such
first-nature advantages as an important attribute for location in a historical context (see
also Roos, 2002b, 66). In this respect, first-nature causes represent an origin of spatial
heterogeneity.54Researchers have tried to measure the distribution of industries but also
to quantify the importance of such exogenous location factors, especially related to issues
of industrial production and the specialization of industries. Head et al. (1995) related
the location decision of agents to spatial factor endowments, which represents the classical

50 Gallagher (2008), among others, differentiated between first-degree linkages (transaction costs) and
second-degree linkages (knowledge spillovers, labor pooling, input/market sharing, and natural ad-
vantage), which differs slightly from the applied classification in this study. For further ideas refer to
Rosenthal and Strange (2004).

51 The Heckscher-Ohlin framework and modeling alternatives of international trade are about first-
nature causes of specialization in production (but not about agglomeration per se). On the basis of
input endowments, these models are able to demonstrate why firms in one region tend to produce
labor intensive, and in another region capital intensive goods. For a comprehensive review of the
trade theory in economics see, e.g., Harris (2008) and Hofmann (2009).

52 A comprehensive review of the relationship between geography and development and the importance
of physical geography and continental patterns for location and co-location can be found in Mellinger
et al. (2000).

53 To give an additional examples: Napa Valley (California) has a specific climate, which is conducive
to the harvesting of grapes and other fruits. Thus, the location is today a central node for the US
wine and fruit industry, which co-agglomerate in the same location (Acs, 2002; Gallagher, 2008).

54 As Marshall has emphasized “[t]he chief causes [of industry localization] have been physical condi-
tions; such as the character of the climate and the soil, the existence of mines and quarries in the
neighborhood, or within easy access by land or water” (Marshall, [1890] 1920, 269).
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2.1. A Survey of the Theoretical Literature 27

idea of endowment-driven industry location (see also Feldman, 2000). In the same line,
Ellison and Glaeser (1999) showed that about one-fifth of spatial clustering of US-industrial
production can be explained by an (even incomplete) set of natural advantage. Audretsch
and Feldman (1996, 268) similarly reported evidence for centripetal forces originating from
natural endowments that are independent from the industry life-cycle. They argued that

“[t]he positive and statistically significant coefficients of natural resources suggest

that a high dependence on natural resources tends to result in a greater geographic

concentration of production in all four of the [industry] life cycle phases.”

According to Acs (2002, 3), the former strength of the legendary US manufacturing belt in
the northeastern and eastern part of Americas midwest (Wisconsin, St. Louis, Baltimore,
Maine) was primarily based on physical geography, such as iron intermediates from Min-
nesota, coal inputs from mountains and water inputs from places nearby. Besides Ellison
and Glaeser (1999), also Rosenthal and Strange (2001), Audretsch and Feldman (1996),
and Kim (1995), among others, discussed natural endowment abundance as a significant
driver of agglomeration and co-agglomeration. However, according to Ellison and Glaeser
(1999), these factors can only explain 20-50% of industrial concentration. As a conse-
quence, it can be argued that the concentration of industries is not solely determined by
physical geography, i.e., first nature (Ottaviano and Thisse, 2004; Head and Mayer, 2004;
Holmes and Stevens, 2004).55 According to the issues raised by Acs (2002, 2), it is therefore
essential to analyze in a European context (i) if industries and knowledge-intensive tasks
are still highly localized in a few locations, (ii) if they relocate, to explain why they move to
other locations or why activity shows dispersion, (iii) how firms and entire industries can
(frequently) relocate with parts of their knowledge base. Obviously, additional drivers of
agglomeration and dispersion seem to exist. Similar to Acs (2002), Krugman (1992, 5) was
asking why the spatially concentrated US manufacturing belt could persist for such a long
time, although the gravity centers of mineral products and other inputs have relocated.56

The main objective of this thesis is to analyze the distribution of patenting activity in
Europe and to explore the spatial structure of co-patenting activity.57

With regard to technological progress, Sachs and McCord (2008) argued that advance-
ments in telecommunication technology are significantly affecting the global division of
labor and the nature of agglomeration economies, which should give rise to “secondary
growth poles.” Regarding patenting and research activity, such developments might also
exist in a European context, which will be addressed in chapters 3 and 4. Nevertheless,
location still seems to matter a lot. In the US context, it has been argued by Acs (2002),
among others, that many processes within the manufacturing value chain can still exist
in the neighborhood because of an established regional knowledge base that has induced
agglomerative forces by itself (see also Krugman, 1995; Audretsch, 1998; Klein and Crafts,

55 See also Combes and Overman (2004).
56 Krugman (1992, 5) argued: “Think of the United States: most of the population of huge, fertile

country lives along parts of two coasts and the great lakes [...]. [T]hese urban areas in turn are
highly specialized, so that production in many industries is remarkably concentrated in space. This
geographic concentration of production is clear evidence of the pervasive influence of some kind of
increasing returns.”

57 For a detailed discussion refer to Glaeser et al. (1992), Jaffe et al. (1993), Rosenthal and Strange (2001),
Cappellin (2001), Roos (2002b), Johansson and Quigley (2003), Abreu et al. (2004), Henderson and
Thisse (2004), Ottaviano and Thisse (2004) and Klein and Crafts (2010).
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28 2. Research Clustering, Co-Inventor Networks and Innovative Places

2010). However, the relocation of some gravity centers has also initiated the creation of
new high-technology industries and modern knowledge bases in other areas. One of these
high-technology locations became known as the popular Silicon Valley in California. Ac-
cording to Acs (2002), most registered US inventors (and applicants of patent applications)
in high-technology are today located in a few famous high-technology agglomerations and
centers of research excellence, such as Cambridge, Massachusetts and Silicon Valley, but
not in the former industrial centers, e.g., Detroit, Cleveland, Dayton (see also Audretsch
and Feldman, 1996).58 With regard to the aforementioned aspects, Florida (2002b, xi)
noted that

“[t]he new geography [...] is not the result of natural endowments of land, labor and

capital [...]. Rather, [...] it is powered by innovation and entrepreneurship; and this

in turn is the product of real people acting in real places. In other words, the factors

that really matter are the ones we create for ourselves. That is because they are able

to attract, mobilize and connect the factors that really matter - innovative people

and creative entrepreneurs. [...] It was clear to me and to others that innovation is a

geographically concentrated process; and there were certainly studies of this. But no

one had really nailed it down. A big piece of the problem was that the field lacked

the kind of measures required to probe this issue.”

In the context of knowledge-intensive industries, one promising line of reasoning and cur-
rently popular line of research grounds on the assumption that knowledge bases are becom-
ing increasingly global and mobile, which implies that research activities and co-inventor
network linkages take place at a distance and that inventor networks frequently relocate in
space (Breschi and Lissoni, 2009).59 Therefore, this development is regarded as a fundamen-
tal change in the geography of innovation because research collaboration linkages between
agents and firms are becoming increasingly border-crossing and international (Maggioni
and Uberti, 2009; Hoekman et al., 2010; Powell and Giannella, 2010).60 Such develop-
ments should change the distribution of patenting activity and the spatial structure of
co-patenting linkages. The thesis challenges this idea empirically in a pan-European con-
text.

2.1.3. Agglomeration, Indivisibilities and Fragmentation

Modern literature on agglomeration economies is considered to represent a collection of
reinterpretations and formalizations of different dimensions on the micro foundations of

58 Acs (2002, 4), among others, reported empirical evidence for this hypothesis by contrasting inventor-
ship activity of the American sunbelt states and the former industrial heartland. Today, the leading
innovative US regions are Santa Clara (CA), Los Angeles (CA), Cook (IL), Middlesex (MA), Norfolk
(MA), Orange (CA), Bergen (NJ), New York (NY), Fairfield (CN), Nassau (NY), Dallas (TX), San
Diego (CA). It is clearly visible that not only most innovations come from states such as California,
Massachusetts, New York and New Jersey, but also that these US states provide the majority of pop-
ulation employed in high-tech manufacturing and knowledge intensive services (see also Audretsch
and Feldman, 1996, 2004).

59 For an overview refer to Almeida and Kogut (1999), Agrawal et al. (2006) and Oettl and Agrawal
(2008).

60 It should be possible to recognize the spatial shift of inventorship activity in patent documents, i.e.,
the relocation of innovative activity in terms of inventorship relocation.
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increasing returns and agglomeration economies from the last century (Duranton and Puga,
2004; Combes and Overman, 2004; Capello, 2009).61

According to Starrett’s “spatial impossibility theorem,” any competitive equilibrium will
feature autarchic locations under the assumption of homogeneity of space, without increas-
ing returns or indivisibilities, and the presence of transportation costs (Starrett, 1978).62

Starrett (1978, 27) argued that,

“[a]s long as there are some indivisibilities in the system (so that individual operations

must take up space) then a sufficiently complicated set of interrelated activities will

generate transport costs.”

Fujita and Krugman (2003), among others, pointed out that the competitive framework
can, however, not explain the occurrence of agglomerations in a closed, homogeneous space
under constant returns to scale (CRS) production technologies without first-nature het-
erogeneity, as described in the last section, and/or indivisibilities.63 Otherwise, increasing
land rents would lead to a dispersion of production activity. However, as soon as economic
activities are not perfectly divisible, they have a certain (sustainable) location (Fujita and
Krugman, 2003; Duranton and Puga, 2004; Behrens and Thisse, 2006).

Capello (2009) argued that the concept of agglomeration economies can generally be clas-
sified into three micro-foundations: (i) indivisibilities, (ii) synergies and (iii) spatial prox-
imity (see also Capello, 2007). The concept of indivisibilities is generally built upon an
industrial (only implicitly geographic) dimension and places emphasis on productivity ef-
fects that originate from large-scale production and shift a firm’s production or cost curve
(Edwards and Starr, 1987; Rosenthal and Strange, 2001; Roos, 2002b).64

In an urban economics context, an evident cause of concentration of production and co-
location of different firms is based on the advantages associated with the division of labor,
which allows specialization and large-scale production yielding lower costs per unit of out-
put (Duranton and Puga, 2004; Combes et al., 2008; Capello, 2009). Duranton and Jayet
(2005) differentiated between two strands of the literature on the division of labor. In a
continuous framework, labor specialization can become ever narrower as the market size
increases and the fragmentation of tasks increases with the market size. If, however, the

61 See also Rima (2004), Chandra and Sandilands (2005) and Combes et al. (2008).
62 For an overview see Ottaviano and Thisse (2001), Duranton and Puga (2004), Combes et al. (2008),

Baumol (2008) and Puga (2010). Refer also to Ottaviano and Thisse (2000), Fujita and Krugman
(2003) and Duranton (2008b).

63 It is generally assumed that goods are consumable in infinitely divisible quantities. On the production
side of the market, indivisible equipment is identical to “fixed costs” and inputs only exist in minimum
quantities. Thus, indivisible inputs are associated with scale economies on the production side.
Moreover, if the indivisible inputs are not overly specialized, they can be implemented in diversified
processes at a lower cost compared to separately specialized plants, i.e., economies of scope (Edwards
and Starr, 1987; Duranton and Puga, 2004; Combes et al., 2008; Duranton, 2008b).

64 Similarly, Kaldor (1966) has addressed this idea by distinguishing between increasing returns in the
manufacturing industry and decreasing returns in the primary sector what became known under the
label Verdoorn’s law or Kaldor’s second growth law (see also Seiter, 1997; Rima, 2004; Seiter, 2005;
Capello, 2007; Combes et al., 2008; Capello, 2009). Kaldor (1972, 1243) mentioned the importance of
Allyn Young’s contribution to the debate: “[Young’s article] was so many years ahead of its time that
the progress of economic thought has passed it by [...] partly because its criticism of general equilibrium
theory could not be appreciated at the time when that theory itself was not properly understood.”
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30 2. Research Clustering, Co-Inventor Networks and Innovative Places

benefits from the division of labor originate from small indivisibilities at the worker level,
then the fragmentation of tasks proceeds discontinuously as the market size increases. Em-
ploying a worker in different tasks would cause set-up costs as it prevents specialization.
Given a sufficient scale, it is preferable to allow the fragmentation of tasks and thus labor
specialization, which avoids switching costs. In a spatial context, the presence of more
workers in a given activity within a location may increase the output more than propor-
tionately as it allows them to specialize in a narrower set of tasks (Duranton and Puga,
2004; Kim, 2006; Puga, 2010).65 Consequently, if the division of labor (i.e., vertical disin-
tegration and fragmentation of tasks) is significantly distance-sensitive and/or shows other
forms of indivisibilities, then it becomes clear why co-location and co-agglomeration are
beneficial for agents.66

In a similar way, Combes et al. (2008, 39) argued that the existence of non-ubiquitous
agents (i.e., human capital) and scale economies can be interpreted as specific forms of
indivisibilities. However, an increasing sub-division/fragmentation of tasks (i.e., division
of labor) raises scale economies and the heterogeneity of skilled labor, which may also
increase labor-matching costs.

Duranton and Puga (2004, 2065) brought forward the critique that it is hard to think of
any single activity or facility subject to meaningful indivisibilities to justify the emergence
or existence of cities and metropolises. Accordingly, they present three mechanisms in the
context of agglomeration economies. Spatial proximity helps in (i) sharing, (ii) matching
and (iii) learning.67 A larger market allows sharing mechanisms that cover the sharing
of indivisible facilities, the sharing of gains from a wider variety of input suppliers in a
location, sustained by a larger final good industry, the sharing of gains from individual
specialization, sustained by larger production, the sharing of a local labor market and
finally the sharing of risk. Matching mechanisms, on the other hand, are the improve-
ments of the probability and quality of matching between agents that originate from large
(dense) markets, e.g., employees and employers (i.e., labor market externalities), partners
in joint projects, or financiers and entrepreneurs. Generally, matching mechanisms can be
related to workers, intermediates and ideas. Finally, learning mechanisms are related to the
generation, diffusion and accumulation of knowledge in a spatial context (i.e., innovation
externalities), e.g., learning about market evolutions, new technologies and new forms of
organization and routines (Duranton and Puga, 2004; Duranton, 2008a; Capello, 2009).
Similarly, Florida (1995, 531) has argued that

“[t]he shift to knowledge-intensive capitalism goes beyond the particular business

and management strategies of individual firms. It involves the development of the

new inputs and a broader infrastructure at the regional level on which individual

65 The gains of the division of labor are well-known since Adam Smith (Roos, 2002b; Capello, 2009).
The idea of specialization by division of labor in a spatial context has also been mentioned by List
([1842] 1909). A few decades later, Young (1928) extended the discussion about increasing returns
by addressing Smith’s division of labor concept (see also Rima, 2004; Seiter, 2005; Chandra and
Sandilands, 2005).

66 Refer to Edwards and Starr (1987), Duranton and Puga (2004), Press (2006a) and Duranton (2008b)
for a review and detailed discussion of indivisibilities, specialization and the division of labor. The
whole debate on increasing returns is beyond the scope of this study.

67 Refer also to Capello (2007, 2009) and World Bank (2009) for an overview.
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firms and production complexes of firms can draw. The nature of this economic

transformation makes the regions key economic units in the global economy.”

To conclude, the firm’s incentive to concentrate all its production in a single location is,
however, not identical to the advantages that originate from proximity to other firms and
the advantages of fragmentation in local markets. It is argued that large-scale produc-
tion promotes returns internal to the firm, which represent a first meaningful incentive
for a firm to concentrate production in a single location. Second, firms are considered to
(re-) locate production close to a large market in the case of significant costs of trans-
portation. Third, co-location and co-agglomeration in cities and large urban areas are
preferred because fragmentation of production induces essential input-output linkages that
affect input prices (Gallagher, 2008; Combes et al., 2008; Capello, 2007, 2009).68 Spatial
proximity is assumed to induce additional external economies which are independent from
internal scale economies but originate from the scale of the local market (Ciccone, 2008;
Henderson, 2010). Therefore, central classifications of external economies will be reviewed
and discussed in the subsequent section, particularly those related to knowledge-intensive
industries and innovation.69

2.1.4. Agglomeration, Clustering and External Economies

2.1.4.1. Industrial Districts and External Economies

The external advantages of agglomerated activities and environments are considered to rep-
resent central determinants of the spatial distribution of production and research activities
across regions. It is argued that regional disparities are persistent phenomena because of
“second-nature” agglomeration economies (Fujita and Thisse, 1996; Acs, 2002; Duranton,
2008a).70

Long ago, Alfred Marshall ([1890] 1920b) has disclosed the advantages of co-location and
spatial proximity. In the following, the main arguments are briefly reviewed. Marshall
(1920b, 271) argued that

“[w]hen an industry has thus chosen a locality for itself, it is likely to stay there long:

so great are the advantages which people following the same skilled trade get from

near neighbourhood to one another. The mysteries of trade become no mysteries;

but are as it were in the air, and children learn many of them unconsciously. [...]

Good work is rightly appreciated, inventions and improvements in machinery, in

processes and the general organization of the business have their merits promptly

discussed: if one man starts a new idea, it is taken up by others and combined

68 See also Krugman and Venables (1996), Holmes (1999) and Harris (2008). In an US context, Glaeser
(2005a) suggested that economies in transportation may also explain why industries became concen-
trated in cities.

69 The following section places emphasis on Marshall’s external economies put forward in his Principles
of Economics ([1890]/1920), Chapter X of Book IV. Several economists equalize Marshall’s arguments
with a general Marshallian agglomeration theory (Roos, 2002b, 2008; Capello, 2007; Combes et al.,
2008).

70 See also Caniëls (1996), Keilbach (2000), Roos (2002b), Press (2006a), Capello (2007) and Fingleton
(2007).
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32 2. Research Clustering, Co-Inventor Networks and Innovative Places

with suggestions of their own: and thus it becomes the source of further new ideas.

[...] and presently subsidiary trades grow up in the neighbourhood, supplying [the

industry] with implements and materials, organizing its traffic, and in many ways

conducing to the economy of its material.”

Besides these input externalities, another agglomerative effect, which was addressed by
Marshall, is the observed tendency of firms and entrepreneurs to locate near specialized
markets for labor, what is nowadays discussed under the label “labor-market pooling” or
“labor-market externalities” (Krugman, 1995; Combes and Duranton, 2006; Martin et al.,
2008).71 As Marshall (1920b, 270) argued,

“[a]gain, in all but the earliest stages of economic development a localized industry

gains a great advantage from the fact that it offers a constant market for skills.

Employers are apt to resort to any place where they are likely to find a good choice of

workers with special skill which they require; while men seeking employment naturally

go to places where there are many employers who need such skill as theirs and where

therefore it is likely to find a good market.”

Marshall additionally addressed the consumption behavior of agents in a spatial context,
i.e., local markets and local demand by consumers. This is similar to the new economic
geography framework (section 2.1.5.5), where centripetal forces increase with the size of
the local market (i.e., pecuniary externality). In the new economic geography, the process
of agglomeration is enforced by cumulative causation and circular causality as production
factors (and demand) are inter-regionally mobile (Krugman, 1991; Roos, 2002b; Capello,
2007).72 Additionally, Marshall pointed to the effects of co-location on the transaction and
search costs related to the consumer’s preferences. In this respect, he implicitly discussed
the benefits of co-location of specialized suppliers and vertical disintegration, although his
remarks are related to consumers and not directly to intermediate industries.73

The aforementioned factors are considered to affect different levels of aggregation; i.e.,
the firm-/ plant-level level, the regional level, the industry-level. Some effects are surely
external to single firms but internal to local industries, whereas Marshall’s attention was
primarily on “proximity externalities” in industrial district. Other effects are, however,
external to the industry but internal to the (regional) economy as a whole. This makes
several agglomeration effects (i.e., technological externalities) compatible with the perfect
competition framework (see section 2.1.4.3).

As is frequently argued, literature on clustering and agglomeration uses Marshall’s external
economies as a main reference with respect to economies of localization and urbanization
and the dynamic effects from agglomeration (Audretsch and Feldman, 1999; Capello, 2007;
de Groot et al., 2009).74

71 Refer also to Fujita and Thisse (1996), Roos (2002b), Sonobe and Otsuka (2006), Press (2006a),
Capello (2007), Combes et al. (2008), Harris (2008), World Bank (2009) and Overman and Puga
(2010) for an overview.

72 For additional overviews refer to Keilbach (2000) and Press (2006a).
73 “[T]he consumer will go to the nearest shop for a trifling purchase; but for an important purchase he

will take the trouble of visiting any part of the town where he knows that there are specially good shops
for this purpose” (Marshall, 1920b, 273).

74 Krugman used Marshall’s agglomeration economies to overcome perfect competition. He modeled
economies of scale internal to the individual firm (plant-level), which is based on the idea of imperfect
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Related to the technological externalities debate, a central part in Marshall is devoted to
the diffusion of ideas and knowledge in a spatial context, nowadays labeled “Marshallian
externalities of the third kind” (Breschi and Lissoni, 2001a,b; Rosenthal and Strange, 2004).
In this context, the diffusion of economically useful knowledge is the source of technological
externalities, as the

“[n]ew idea, [...] taken up by others and combined with suggestions of their own [...]

becomes the source of further new ideas” (Marshall, 1920b, 270).

In Industry and Trade, Marshall (1920a, 190) has additionally argued that

“[t]he leadership in a special industry, which a district derives from an industrial

atmosphere, such as that of Sheffield or Solingen, has shown more vitality than might

have seemed probable in view of the incessant changes of technique. The explanation

is perhaps to be found in the fact that an established centre of specialized skill,

unless dominated by a gild or trade-union of an exceptionally obstructive character,

is generally in a position to turn to account quickly any new departure affecting its

work; and if the change comes gradually, there is no particular time at which strong

incitement is offered to open up the industry elsewhere.”

Related to the previously mentioned aspects, Marshall attributed central importance to the
“industrial atmosphere” in districts, which originates from the presence of skilled people
that transform regions (and districts) into leading industrial places. In a more socio-cultural
perspective, the Marshallian industrial atmosphere is also interpreted as the advantages
that arise from (localized) networks and social proximity in urban areas (Fujita and Thisse,
1996; Capello, 2007, 189). The capacity of agents to co-operate is rooted in the socio-
cultural environment which generates increasing returns, the so-called “district economies”
(Roos, 2002b; Capello, 2007, 2009).75 These economies are based on trust, sense and social
proximity, which represent indivisibilities, and spatial proximity is considered a meaningful
prerequisite (Capello, 2007, 2009).76

To summarize, it is argued that Marshall early contributed with a well-defined classification
of external advantages of agglomerated activities and environments (Scitovsky, 1954; Fujita

competition. This is also a reason why non-pecuniary effects are not modeled in early new economic
geography models as the novelty is related to pecuniary effects from increasing returns. Equilibrium
city size (or more general the manufacturing share in the region) depends on the trade-off between
pecuniary externalities (centripetal forces) and the costs of spatial concentration (centrifugal forces)
(Feldman, 2000; Keilbach, 2000; Press, 2006a; Capello, 2007; Audretsch et al., 2008; Combes et al.,
2008). As Krugman has argued: “Thus local external economies never disappeared as a concept from
economics. Indeed, if you were ask a mainstream economist at any time between, say, 1930 and the
last few years why cities exist, or why some industries are so concentrated in space, he or she would
surely answer in terms of just such local externalities [technological and pecuniary externalities based
upon Marshall]” (Krugman, 1995, 50).

75 Further to this, it is argued that Marshall linked geographical proximity with the transfer mechanisms
of knowledge, which improves the level of productivity in all companies (Keilbach, 2000; Press, 2006a;
Capello, 2007).

76 As Marshall (1920a, 189) has argued: “[...] personal contact is most needed (1) in trade between allied
branches of production, at all events in regard to things which have not yet been brought completely
under the dominion of either general or particular standardization; and (2) in all dealings, espe-
cially retail, connected with dress, ornaments and other goods, which need to be adapted to individual
requirements and idiosyncrasies.”
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and Thisse, 1996; Rosenthal and Strange, 2004).77 As a consequence, there exist several
interpretations of Marshall’s external economies, i.e., building blocks of agglomeration
economies in the literature, that place emphasis on different working channels (Duranton
and Puga, 2004; Capello, 2009).

2.1.4.2. Interpretations of Marshall’s Agglomeration Economies

A popular interpretation of Marshall’s external economies is given by Krugman (1991)
and has been used in his new economic geography framework and in further framework
advancements (see sections 2.1.5.5 and 2.1.6.7). According to Krugman, agglomeration
economies can generally be classified into three forces: (i) human capital externalities, (ii)
technological externalities and (iii) market interaction (pecuniary) externalities (Krugman,
1991, 1995; Capello, 2007, 2009).78 Similarly, Martin et al. (2008) classified Marshall’s
agglomeration economies into (i) labor market externalities, (ii) knowledge externalities
and (iii) input externalities. The latter force is also known as pecuniary externality. The
incorporation of technological externalities was a general approach in endogenous growth
models (see section 2.1.6.6), whereas pecuniary externalities were central features of the new
economic geography. The application of both externality types to innovation clusters and
industry agglomerations has recently (re-)accelerated. However, “technological spillovers,”
although recognized, are not included in Krugman’s seminal core-periphery framework. In
this respect, an illustrative statement on the importance of such spatial external effects and
emphases in economic models was offered by Fujita et al. (2001, 4), although technological
externalities are downplayed:79

“[A]lthough all three of Marshall’s forces are clearly operating in the real world, the

new economic geography models have generally downplayed the first two [knowledge

spillovers and markets for skilled labor], essentially because they remain hard to

model in any explicit way. Instead they have focused on the role of linkages [backward

and forward linkages associated with large local markets].”

77 See also Press (2006a), Martin et al. (2008), Combes et al. (2008), Capello (2007, 2009) and Puga
(2010). Fujita and Thisse (1996, 345) concluded that, “[f ]ollowing Scitovsky (1954), it has been cus-
tomary to consider two categories: ‘technological externalities’ (such as spillovers) and ‘pecuniary
externalities’. The former deals with the effects of nonmarket interactions which are realized through
processes directly affecting the utility of an individual or the production function of a firm. By con-
trast, the latter refers to the benefits of economic interactions which take place through usual market
mechanisms via the mediation of prices. For obvious reasons Marshall was not aware of this distinc-
tion, and his externalities turn out to be a mixture of technological and pecuniary externalities. As a
consequence, each type of externality may lead to the agglomeration of economic activities.”

78 Krugman (1992, 36) argued: “First, [...] a pooled market for workers with specialized skills; [...]
Second, an industrial center allows provision of nontraded inputs specific to an industry in greater
variety and at lower cost [...] Finally, because information flows locally more easily than over great
distance, an industrial center generates what we would call technological spillovers.” See also Crafts
and Venables (2003) for an identical classification and review.

79 Another interpretation of Marshall’s described economies, very similar to the one of Krugman, is
given by Fujita and Thisse (2003, 8), who put emphasis on (1) internal economies, (2) the formation
of a highly specialized labor force and the production of new ideas, both based on the accumulation
of human capital and face-to-face communication, (3) the availability of specialized input services and
(4) the existence of modern infrastructures.
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Labor-market externalities, as described by Marshall, represent another salient feature
of cities and agglomerations (Crafts and Venables, 2003; Combes and Duranton, 2006;
Henderson, 2010). Rosenthal and Strange (2004, 2153) classified the gains and incentives
of labor-pooling into two distinct aspects. First, when firms (industries) show an ex ante
lack of knowledge about the labor market structure in a region, firms tend to agglomerate
in urban areas and cities. Such locations are said to provide dense and heterogenous
labor markets, which increase the probability of a better match of specific labor demand
and supply. Therefore, growing cities show an increasing diversity of labor supply, which
should lead to fulfilling the needs of knowledge-intensive industries. Second, firms with ex
ante knowledge of regions’ labor markets tend to co-agglomerate (locate) in cities or urban
areas, which minimizes search costs, training costs and risks for employees. Furthermore,
if industries are hidden by positive demand shocks, firms will generally find it easier to hire
additional workers in urban regions and cities (Duranton and Puga, 2004; Gallagher, 2008;
Martin et al., 2008).80 In a research clustering perspective, one may argue that regional
disparities in research activity are (increasingly) dependent on the spatial distribution of
human capital (i.e., researchers and creative minded people) which grants migration and
network studies a pivotal attention (Florida, 1995; Fujita and Thisse, 1996; Breschi and
Lissoni, 2009).81

In a more general way, Fujita and Thisse (1996) differentiated between market-led mecha-
nisms and the effects that occur outside the anonymous market.82 Fujita and Thisse (1996,
345) concluded that

“[i]t is now customary to [distinguish between] two categories: technological exter-

nalities and pecuniary externalities. The former deals with the effects of non-market

interactions that are realized through processes directly affecting the utility of an

individual or the production function of a firm. In contrast, pecuniary externalities

are by-products of market interactions [transactions]: They affect firms or consumers

and workers only insofar as they are involved in exchanges mediated by the price

mechanism. Pecuniary externalities are relevant when the markets are imperfectly

competitive, for when an agent’s decision affects prices, it also affects the well-being

of others.”

In contrast to Krugman (1991), Ottaviano and Thisse (2001) gave much more attention
to technological externalities that originate from knowledge transmission at a proximate
distance. However, they also placed a special emphasis on the spatial scale of analysis
when differentiating between the possible externalities.83

In light of the aforementioned determinants and drivers of clustering and agglomeration,
the role of knowledge externalities was (and is) widely discussed in literature, especially in
the context of knowledge generation and diffusion in cities (Glaeser et al., 1992; Fujita and
Thisse, 1996; Johansson, 2005).84 As this study is explicitly focusing on the determinants

80 See also Keilbach (2000), Roos (2002b), Capello (2007) and Combes et al. (2008).
81 See also Zucker et al. (1998) and Almeida and Kogut (1999).
82 For a further discussion refer to Ottaviano and Thisse (2001).
83 Refer also to Lucas and Rossi-Hansberg (2002), Duranton and Puga (2004), Boschma and Frenken

(2009a).
84 Refer also to Henderson et al. (1995), Black and Henderson (1999b), Glaeser (2000), Duranton and

Puga (2001), Henderson (2003a), Duranton and Puga (2004) for an overview.
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of research clustering and the distribution of patenting activity, the access to information
and knowledge and its transmission are assumed to represent pivotal factors of a firm’s
location decision. Related to this perception, Fujita and Thisse (1996) pointed to the
meaningful differentiation between production and creation as these are distinct activities
of individuals, whereas the existence of pecuniary externalities in agglomerations is a crucial
factor for production processes in the manufacturing industry (and industrial geography).
Creative activities of individuals are in particular influenced by their proximity to other
people. As a consequence, economic activities in the “knowledge economy” are considered
to particularly depend on creativity which is identical to Florida’s “creative class concept”
(Florida, 1995, 2002c,a; Florida and Tinagli, 2004).85 Similarly, Lucas (1988, 39) argued

“[t]hat the ‘force’ we need to postulate account for the central role of cities in economic

life is of exactly the same character as the ‘external human capital’ I have postulated.

[...] What can people be paying Manhattan or downtown Chicago rents for, if not

for being near other people?”

Hence, personal communication and knowledge transmission within and between groups
of individuals (and epistemic communities) are considered to be vital preconditions for
creativity and innovation output in knowledge-intensive industries.86

Finally, in a core-periphery perspective, Kilkenny (2010) brought forward the argument
that remote low-density areas (rural regions) seem to be competitively disadvantaged due
to a significant lack of static and dynamic agglomeration externalities, which gives inter-
regional research linkages a pivotal role in regional development.87

To sum up, knowledge externalities seem to matter for the development of new routines
and new products. Neighboring regions are considered to benefit from spatial proximity to
high-level growing regions if there are considerable positive externalities and inter-regional
flows of knowledge. Moreover, firms and agents have access to knowledge bases via intra-
and inter-regional research linkages and networks which also induce some kind of exter-
nalities. The following sections are organized in order to offer a detailed classification
and taxonomy of the causes and effects of agglomeration, co-agglomeration and clustering.
Special attention is drawn to research clustering, knowledge transmission and the spatial
concentration of research and innovative activity.

2.1.4.3. Agglomeration Economies, Spillovers and Networks: A Taxonomy

It is evident from the previous sections that the origins of agglomeration economies and
the causes of clustering are indeed multifaceted. The literature generally distinguishes
between(i) intra-market externalities (pecuniary externalities) that work via prices, (ii)
quasi-market externalities (externalities from a network transactions) and (iii) extra-market
externalities (technological externalities) that occur without any monetary compensation

85 Refer also to Jacobs (1969) and Glaeser (2005a).
86 Similarly, Robert-Nicoud (2004, 4) argued that “[a]gglomeration generates inertia [...], people and

firms are there because other people and firms are there too. So people are willing to move out of the
agglomeration [relocate] only if a large shrunk of people are willing to do as well.”

87 Refer also to Partridge and Rickman (1999), Duranton and Puga (2001), Duranton (2008a), de Groot
et al. (2009).
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(Johansson, 2005; Capello, 2007, 2009). Moreover, a general taxonomy can be built upon
the following pillars: (i) the source of externalities (proximity vs. network link externality);
(ii) the effects and consequences of externalities (efficiency vs. innovation externality); and
(iii) the nature of externalities (pecuniary vs. non-pecuniary externality). The industry di-
mension on agglomeration economies is additionally considered with the concepts of urban-
ization and localization economies (section 2.1.5). Furthermore, the concept of innovation
externalities (section 2.1.6), i.e., the concepts of Marshall-Arrow-Romer externalities (sec-
tion 2.1.6.2), Jacobs externalities (section 2.1.6.3) and Porter externalities (section 2.1.6.4)
are considered. Finally, special attention is given to the generation and transmission of
knowledge via anonymous market transactions, via (persistent) inter-regional network link-
ages and intentional and unintentional knowledge flows in localized networks and industry
clusters (section 2.1.7).

The subsequent table 2.1 illustrates a general typology of the aforementioned externalities
(Johansson, 2005; Capello, 2007, 2009); it classifies horizontal and vertical externalities
against efficiency and innovation externalities.88 The taxonomy seems to fit to the re-
search agenda of several epistemic communities; e.g., geographical economics, economic
geography, evolutionary economics, evolutionary economic geography and geography of in-
novation. The different externality concepts are reflected in different models, which will
be presented and discussed in the following sections.89

2.1.5. Agglomeration, Research Clustering and Pecuniary Externalities

2.1.5.1. Pecuniary Externalities, Local Scale and Efficiency

Pecuniary externalities are of broad interest in explaining the spatial concentration, ag-
glomeration and co-agglomeration, as shown by the majority of new economic geography
(NEG) models and approaches in economic geography proper.90 They are also sometimes
labeled vertical spillovers, welfare spillovers or rent spillovers (Johansson, 2005; Harris,
2008).91

88 The classification also takes into consideration the following contributions: Scitovsky (1954), Puga
and Duranton (2000), Duranton and Puga (2004), Jacobs (1969), Acs et al. (1997), Acs et al. (2002),
Ottaviano and Thisse (2001), Kelly and Hageman (1999), Martin and Sunley (2003), Caniëls (2000),
Glaeser et al. (1992), Glaeser and Resseger (2009), Henderson et al. (1995), Audretsch and Feld-
man (1995), Audretsch and Feldman (1999), Audretsch and Feldman (2004), Audretsch and Keilbach
(2008), Glaeser (2000), Feldman (2000), Roos (2002b), Döring (2004), Autant-Bernard and Mas-
sard (2007), Autant-Bernard et al. (2007), Döring and Schnellenbach (2006), Athreye and Werker
(2004), Breschi and Lissoni (2001b), Breschi et al. (2005), Press (2006a), Keilbach (2000), Maggioni
(2002), de Groot et al. (2009), Andersson et al. (2005), Greunz (2005), Rosenthal and Strange (2001),
Rosenthal and Strange (2003), Harris (2008).

89 The following summary of models and concepts is, however, non-exhaustive.
90 For an overview refer to Ottaviano and Puga (1998), Neary (2001), Duranton and Puga (2004),

Autant-Bernard and Massard (2007) and Capello (2007).
91 Verspagen (1997, 230) has argued that “Griliches (1979) termed this form of spillovers ‘rent

spillovers’, because they are crucially related to the rents of both the receiving and supplying firm.
On a different, more semantic level, Griliches (1992) has argued that as long as goods are being
traded between the supplying and receiving party, there are no ’real’ externalities, in the strict sense
of the word, involved. Although one might therefore argue that the term ‘spillover’ is less appropriate
in this case, there is no need to abandon the terminology as long as it is clear that rent spillovers
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Table 2.1. Innovation vs. efficiency externalities

Form/type Innovation externality Pecuniary/efficiency externality

Proximity ex-
ternality

Absolute size and/or diversity of local
market affects product development (early
phases of a product cycle) and knowledge
spillovers on innovative output (MAR vs.
Jacobs)

Size of local market induces scale
economies for producers (distance-
sensitive production)

Vertical Downstream externality from knowledge
flows between supplier and customer;
proximity externality and/or network
transaction externality

Downstream externality affecting the
price (supplier, customer)

Vertical Upstream externality from knowledge
flows between input (knowledge) buyer
and seller; proximity externality and/or
network transaction externality

Upstream externality affecting input costs
(of a company)

Horizontal Knowledge flows between competitors
from joint R&D efforts based on a trans-
action linkage (network linkage) or based
on (unintended) spillovers in an agglomer-
ation due to proximity

Co-operation between competitors (trans-
portation, marketing, long-distance ex-
port)

Source: illustration based on Johansson (2005, 112); see also Johansson and Quigley (2003), Capello (2007,
2009) and Burger et al. (2009).

Pecuniary externalities are based on market interactions and affect firms (or consumers)
by means of exchanges involving prices (Ottaviano and Thisse, 2001; Duranton and Puga,
2004; Johansson, 2005).92 The interdependence between the supply side (firms, products)
and demand side (consumers, market size) is direct due to the spatial range and location
of pecuniary externalities (Autant-Bernard and Massard, 2007; Dewhurst and McCann,
2007). NEG models, for example, treat market mechanisms as the origins of centripetal
and centrifugal forces (Fujita and Mori, 2005; Robert-Nicoud, 2005; Krugman, 2009). The
overall effects of agglomeration externalities depend on the local range of these pecuniary
externalities (i.e., proximity externalities). The effect is the same for intermediates and
final goods as long as both suffer from transportation costs (Martin et al., 2008; Combes
et al., 2008; Audretsch et al., 2008).93

Pecuniary externalities operate via anonymous market interactions. If agents co-locate
at a proximate distance, an anonymous market offers everything: providing agents with
a large quantity and quality of inputs; efficient backward and forward market linkages;

involve a different process than the pure knowledge spillovers, the other form of R&D spillovers that
Griliches noted.”

92 See also Autant-Bernard and Massard (2007) and Capello (2007, 2009) for classifications.
93 The overall effect is interdependent and spurs agglomeration and the market size, which is denoted

as a pecuniary externality or a pecuniary effect (Keilbach, 2000; Autant-Bernard and Massard, 2007;
Capello, 2007).
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retail firms in the neighborhood that reduce input costs and increase variety. Moreover,
firms benefit from shared inputs in a local market, e.g., capital goods, intermediates and
labor pooling (Johansson and Quigley, 2003; Duranton and Puga, 2004; Martin et al.,
2008). Thus, pecuniary effects can be regarded to enable firms to move to, or to move
along, existing production frontiers (Neary, 2001; Harris, 2008; Capello, 2007, 2009). In
comparison, non-pecuniary (technological) effects shift production possibility frontiers of
firms and/or regions and countries (Romer, 1990b; Feldman, 1999, 2000; Harris, 2008).
Furthermore, the concept of pecuniary externalities has been extended to the concepts of
urbanization and localization economies, which represents a commonly used classification
and focal point of empirical debates, especially in neo-Marshallian studies (see Feldman,
2000; Capello, 2007; DeGroot et al., 2009). These concepts first and foremost represent
the “industry perspective” on agglomeration economies. However, the differentiation itself
represents a highly discussed area of research which is additionally divided into “static” and
“dynamic” externalities (Henderson, 2003a; Autant-Bernard and Massard, 2007; Duranton,
2008a). These externalities are also known as “efficiency” and “development” externalities
(Johansson and Quigley, 2003; Johansson, 2005; Capello, 2007, 2009).94 Table 2.2 shows
the classification of pecuniary (efficiency) externalities into localization and urbanization
economies and summarizes the different working channels. The concepts are separately
reviewed in the following sections.

2.1.5.2. Localization Economies

“Localization economies” are assumed to usually take the form of Marshallian externali-
ties. The labor productivity level in a certain industry is assumed to depend on the size of
the industry and the specialization of the region (Dewhurst and McCann, 2007; Duranton,
2008a; Henderson, 2010). Rosenthal and Strange (2004) suggested that, for typical indus-
tries, doubling the local industry size leads to a 2-10% increase in the productivity level
of employed workers. Moreover, doubling city size (i.e., the local scale) may also lead to a
productivity increase in the same local industry, especially in high-technology industries.
Dating back to Marshall’s industrial districts argument, economies of scale due to high
specialization, division of labor and increasing industry-wide output are associated with
downward sloping average cost curves. Accordingly, industry concentration is assumed to
promote external economies for agents, particularly at a proximate distance, and to have,
first of all, static effects, i.e., input-costs, delivery costs (Johansson, 2005; DeGroot et al.,
2009).95

94 According to Henderson (2003b, 29), “[t]here appear to be two working interpretations of dynamic
externalities. First is that either the history of economic activity in a location affects productivity levels
or growth. So this could be past levels of own industry activity (employment) that generate a stock of
local industry and location specific “trade secrets.” The second set concerns the effect of “knowledge”
(rather than information) spillovers on productivity levels. Knowledge is typically measured as non-
industry specific, average education in the city. If average education in a city affects productivity it
isn’t clear this is a dynamic effect per se. It could be static in the sense that average education could
simply enhance static productivity levels (but not on-going growth rates of productivity), but [...] that
is sufficient to enhance overall urban scale and promote endogenous growth.”

95 See also Maggioni (2002), Autant-Bernard and Massard (2007), Burger et al. (2009) and Henderson
(2010).
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Table 2.2. Taxonomy of agglomeration economies

Localization economies (intra-industry) Urbanization economies (inter-industry)

Accessibility to: Accessibility to:

a specialized labor market a diversified labor market

a high number of firms in the same industry a high number of firms belonging to a diversified
industry structure

specialized suppliers and service providers a diversified market for industrial services and in-
puts

a highly specialized market for final goods (large
market size)

a large market for diversified final goods

highly specialized R&D-departments and univer-
sities of intra-industry type

a diversified scientific environment with diversi-
fied universities and R&D-departments

scale economies from a single localized industry scale economies from overall city size (also diver-
sified production structure)

localization explains productivity level differen-
tials of cities and regions

urbanization explains productivity level differen-
tials of cities and regions

Source: own illustration.

A forerunning contribution to localization economies was made by Henderson (1974). He
argued that an industry-specific externality in production decreases marginal costs of pro-
duction depending on the level of industry output (i.e., efficiency externality). The distribu-
tion (and agglomeration) of firms is then determined by both positive industry externalities
and negative effects from spatial concentration (e.g., commuting costs, increasing labor and
capital costs). According to his results, cities show tendencies to specialize into industries.
Thus, industries with large external economies tend to be predominantly concentrated in
cities and urban areas.96 Consequently, cities are considered to benefit significantly more
from localization externalities than rural and peripheral areas (see also Henderson, 2010).
Thus, a core-periphery distribution of industries and R&D-activity might represent a bene-
ficial outcome.97 The idea of such localization externalities (although the mentioned effects
are pecuniary) has additionally been applied to innovative capacity in a spatial context
(Feldman, 1999; van der Panne, 2004; Harris, 2008). However, such externalities are re-
garded as dynamic effects of co-location when they are related to growth in employment,
innovations and new products (see section 2.1.6).

In a new economic geography context, Krugman and Venables (1996) and Aiginger and
Pfaffermayr (2004) have argued that European economic integration might induce industry

96 Again, the contribution and differentiation of sources of externalities is rather controversial. Refer to
Feldman (1999) and Glaeser (2000) for further details.

97 Ciccone and Hall (1996), among others, found that county employment densities are crucial in ac-
counting for large differences in labor productivity across U.S. states.
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agglomeration and increases in the degree of local specialization, bringing the European
case closer to the spatial specialization pattern that economists and geographers identified
in the United States. In this respect, they suggested that integration generally induces a
geographic consolidation of industries at the national level and increasing regional special-
ization.98

To conclude, the local scale is a major part of the explanation why industrial activities
agglomerate in cities and urban areas and why regions differ in terms of their productivity
levels (Dewhurst and McCann, 2007). However, urban diseconomies (i.e., costs of co-
location) dissipate agglomeration economies and explain why cities and localized industries
show limitations in their overall size (Hoover, 1936; Henderson, 1974, 2003a; Duranton and
Puga, 2004).99

2.1.5.3. Urbanization Economies

“Urbanization economies” are related to the size (urban scale) and industry structure of
the city, region or agglomeration in order to explain varying levels in productivity (see table
2.2) (Hoover, 1936; Hoover and Giarrattani, 1999; Henderson, 2003). An obvious economic
advantage of big cities is that they offer a large (and heterogenous) market affecting costs
and prices (Johansson, 2005; Capello, 2007; Duranton, 2010).100 Consequently, cities are
considered to form and grow in order to exploit agglomeration economies that operate
across all co-located activities/industries.

Hoover and Giarratani (1984, 73) discussed the advantages of urbanization as

“[e]ssentially elements of a large urban agglomeration. Their presence, and the quality

and variety of the services they offer, depend more on the size of the city than on

the size of the local concentration of any of the activities they serve.[...] Economies

generated by activities and services of this sort are external to any single-activity

cluster, but they are internal to the urban area. There is a parallel to be drawn here

to the relationship between a single-activity cluster and its constituent units. In that

instance, economies were realized by the units as the size of the cluster increased;

thus economies are internal to the cluster but external to the unit. In the case of

urbanization economies, we recognize that economies accrue to constituent clusters

as the size of the urban area increases. [...] Technological changes and enhancement

of the mobility of labor and entrepreneurship explain why such local specialization

has become increasingly rare. By contrast, external economies on the broader basis

of urban size and diversity have remained a powerful locational force.”

Similarly, Lucas (1993) discussed urbanization economies in an endogenous growth con-
text, asserting that the main compelling reason for the growth of cities originates from

98 The specialization-localization debate will be reviewed in more detail in section 2.2.4 and is summa-
rized in tables in the appendix.

99 See also World Bank (2009) and Henderson (2010).
100 Urbanization economies stem from effects external to the industry but internal to spatial units, such

as cities or regions. For further discussions refer to Glaeser (2000), Feldman (2000), Maggioni (2002),
Roos (2002b), Johansson (2005), Press (2006a), Autant-Bernard and Massard (2007), Capello (2007)
and Dewhurst and McCann (2007).
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the existence of increasing returns to scale that shift the productivity level.101 Accord-
ingly, urbanization economies can be empirically challenged by different working channels,
depending on the research question, e.g., the employment structure, infrastructure, rela-
tive factor prizes, industry-structure, presence of industrial suppliers and service providers
(Johansson, 2005; de Groot et al., 2009; Puga, 2010).

However, it has also been argued that cities, metropolises and urban regions may reach
absolute population levels and scales that increase external diseconomies of congestion
that fully (or even more than) compensate positive agglomeration economies (Duranton
and Puga, 2004; Martin et al., 2008; World Bank, 2009).102

Finally, Partridge and Rickman (1999) and Burger et al. (2008) argued that static ex-
ternalities from urbanization are different from dynamic urban externalities, the so-called
Jacobs externalities (see section 2.1.6.3), as the latter explicitly account for employment
growth, productivity growth and the effects from knowledge spillovers on innovative capac-
ities (product development and new routines), whereas the static urbanization externality
concept in general focuses on the local scale of production and existing productivity dif-
ferentials, and the positive effects from population density, input supply structures and
local market size on prices and costs. In light of the still prevalent debate and area of
regular conflict, recent approaches link the Jacobs externality concept to the process of
inter-industry knowledge diffusion and the effects of innovation externalities on innovative
capacity (Audretsch and Feldman, 2004). The approach is thus different from the 1970s
static view on agglomeration economies and the explanation of persistent productivity dif-
ferentials (Partridge and Rickman, 1999; Johansson, 2005; Capello, 2009).103 Similarly,
Capello recently argued that especially neo-Marshallian studies identified regions (and
space in general) as the origin of “dynamic” external economies which emerge as positive
effects from co-location and affect the firm’s productive and innovation efficiency (i.e., in-
novative capacity) (Capello, 2007, 185; Capello, 2009). Accordingly, the effects differ from
static gains in agglomerations.

2.1.5.4. A Taxonomy of Urbanization and Localization Economies

Table 2.3 summarizes pecuniary (intra-market) externalities that originate from spatial
proximity in an urbanization and localization economies context, where the emphasis is on

101 See Roos (2002b), Press (2006a), Capello (2007, 2009) for an overview.
102 Higher GDP per capita growth rates and other forms of agglomeration economies only dominate up

to metropolitan size of maximum 6 to 7 million citizens, which resembles the well-known inverted
U-shaped relationship (OECD, 2006, 2009a,f; World Bank, 2009) (see section 5.4). Another crucial
debate is about the privatization of benefits from agglomeration and the socialization of associated
costs that stem from concentration (OECD, 2009b,a,f). See also Capello (2007), World Bank (2009)
or Henderson (2010).

103 Partridge and Rickman (1999, 319) argued that “[s]everal empirical regional studies related to ge-
ographic concentration of economic activity and economic spillovers emphasize their relationship to
employment growth, only indirectly testing the externality-productivity relationship (e.g., Glaeser et
al. 1992; Henderson, Kuncoro, and Turner 1995; Partridge and Rickman 1996; Henderson 1997).
Also, studies of regional productivity differences typically focus on static urbanization and localiza-
tion economies and not on dynamic externality effects emphasized in the endogenous growth literature
(e.g., Moomaw 1983, 1986).”
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prices, costs, profits and productivity levels. More generally, the demand-externality is re-
lated to the size of the market, which is central in the new economic geography (Krugman,
1991). To conclude, localization and urbanization economies emerged as a conceptualiza-
tion in the mid 1970s which represents the conventional industry dimension of agglomer-
ation economies (Feldman, 2000; Capello, 2007, 2009). The focus of analysis is solely on
the question whether agglomeration economies are related to the scale of a single (and spe-
cialized) industry or to the cross-fertilization enhanced by diversity and the scale of other
industries (Henderson, 2003a). Consequently, the concept centers the exploitation of indi-
visibilities within either a specialized or diversified industry environment (Feldman, 1999,
2000; Rosenthal and Strange, 2001; Johansson, 2005). Thus, the presence and strength
of the mentioned externalities is related to the emergence and stability of core-periphery
structures.

Table 2.3. Pecuniary externalities

Externality
type

Transaction type Mechanism

Demand Intra-regional demand externality. “Home
market effect.”

A large local demand makes it possible
for firms to exploit scale economies and
hence supply commodities to households
at a lower price and with a greater vari-
ety.

Vertical Downstream/delivery-cost externality.
Localization and urbanization economies.

Firms can offer inputs/products with
lower transaction costs and (potentially)
at a lower price due to physical proximity
(proximity externality).

Upstream input-cost externality. Local-
ization and urbanization economies.

Supplier firms in an industry provide in-
puts with lower transaction costs and (po-
tentially) at a lower price due to physical
proximity (proximity externality).

Source: illustration based on Johansson (2005, 119), Johansson and Quigley (2003) and Capello (2007,
2009).

2.1.5.5. Core-Periphery Structures and Endogenous Location

2.1.5.5.1. The Origins of the New Economic Geography

The new economic geography corresponds to the proposed classification of agglomeration
economies (see section 2.1.4.3) and represents a formalization of pecuniary externalities
that induce core-periphery structures. Paul Krugman is one of the main contributors
to geographical economics in the 1990s who has been working for re-establishing spatial
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aspects as a pivotal factor in economic theorizing and empirical research (Krugman, 1991,
1992, 2009; Fujita and Krugman, 2003; Fujita and Mori, 2005).104

According to Krugman (1995), a salient feature of early trade and geography models is the
assumption that countries specialize their production on the locally abundant factor, e.g.,
natural resource advantages (e.g., the Heckscher-Ohlin framework within neoclassical trade
theory).105 It has been argued by Krugman and colleagues that endogenous spatial issues,
centripetal forces and circular causalities are rather absent in early trade and geography
models (Head and Mayer, 2004; Krugman, 2009; Neary, 2009). As Krugman (2009, 567)
provocatively noted:

“[W]hy was geography ignored by trade theorists? A large part of the explanation is

the obvious centrality of increasing returns to geographical patterns: nobody really

thinks that Silicon Valley owes its existence to exogenously given factors of production

or Ricardian comparative advantage [although] God made the Santa Clara Valley for

apricots, not semiconductors.”

A central feature of the NEG framework is that it completely abstracts from physical geog-
raphy, i.e., “first-nature causes” (see chapter 2, section 2.1.2) (Ottaviano and Thisse, 2000;
Capello, 2007; Thisse, 2011).106 The crucial difference between the new economic geogra-
phy approach and the neoclassical models is the overall relevance of scale in production
(Roos, 2002b; Crafts and Venables, 2003; Capello, 2007). Neoclassical (trade) models are
solely concerned with relative terms, suppressing scale and size; e.g., consumers’ choices
for saving and consumption, firms’ decisions of production structures, and wage-setting are
all determined at the margin. According to Krugman (1992), among others, the outcome
of such processes are unaltered in an economy with 10, 10,000 or 10,000,000 individuals.
Regarding this aspects, Krugman (1992, 14) argued that

“[t]he basic story of geographic concentration [...] relies on the interaction of increas-

ing returns, transportation costs, and demand. Given sufficiently strong economies

of scale, each manufacturer wants to serve the national market from a single location

with large local demand. But local demand will be large precisely where the majority

104 Krugman was awarded with the Nobel Price in Economics in 2008 for his contributions to trade
theory and economic geography. For an appraisal see Nobel Prize Committee (2008a), Nobel Prize
Committee (2008b), Fujita and Thisse (2009), Feenstra (2009), Neary (2009), Brakman and Garretsen
(2009).

105 Brakman and Garretsen (2009, 2) defined the economic novelty of the NEG literature as follows:
“[T]he subsequent NEG literature can in fact be seen as belonging to a much more extensive (and older)
literature in regional economics or even economic geography at large, where spatial interdependencies
are at the heart of the analysis. The performance of a region depends crucially on the developments
in and characteristics of neighboring regions. Regions are therefore not freely floating islands in NEG.
This non-trivial role of spatial linkages amounts to saying that it is above all between location economic
geography that matters in (old and) NEG.” See also Ottaviano and Thisse (2000, 3).

106 See also Krugman (1991), Krugman (1995) and Krugman (2000). Fujita et al. (2001, 4) mentioned
the importance of incorporating the spatial dimension into economic theory and empirical research.
They argued that “[t]he defining issue of economic geography is the need to explain concentrations
of population and of economic activity: the distinction between manufacturing belt and farm belt, the
existence of cities, the role of industry clusters. Broadly speaking, all these concentrations form and
survive because of some form of agglomeration economies, in which spatial concentration itself creates
the favorable economic environment that supports further or continued concentration.”
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of manufacturers choose to locate. Thus there is a circularity that tends to keep a

manufacturing belt in existence once it is established.”

Thus, scale effects (i.e., increasing returns) in production are considered to significantly
matter in the new economic geography and a core-periphery distribution might be the
outcome of relocation activities and large distributional effects via self-feeding and self-
enforcing mechanisms.107 Krugman’s model is based on the Dixit and Stiglitz (1977) con-
tribution of product differentiation but it also offers a formalization of Myrdal’s circular
and cumulative causation (Krugman, 1995; Crafts and Venables, 2003; Capello, 2007).108

Nevertheless, NEG is considered to go beyond forerunning contributions because agglom-
eration is not the only possible outcome.109 Krugman (1991) also distinguished the new
economic geography from previous land-rent models that were based on, inter alia, von
Thünen (1966) and Alonso (1964), among others (Fujita and Krugman, 2003; Fujita, 2010;
Thisse, 2011).110 NEG adherents generally argued that the work of classical contributors,
e.g., Johann Heinrich von Thünen (Thünen, 1966), are unsuited to explain the emergence
and breakdown of core-periphery structures (and intra-industry trade) due to the lack of
agglomeration economies (Krugman, 1995; Roos, 2002b; Combes et al., 2008). In the ma-
jority of land-use models, the existence of a core region (or central market) is exogenous and
the main attention is on accessibility and transportation costs, which makes this optimiza-
tion criterion central to urban economics (Capello, 2007; Fujita, 2010; Thisse, 2011). The
NEG framework and model alternatives are related to several agglomeration economies
mentioned in Marshall’s Principles of Economics (see section 2.1.4.2). A detailed crit-
ical discussion, theoretical subordination and comparison of early location theories and
contributions is, however, beyond the scope of this project.111

As the NEG frameworks are mostly identical, except the origins of centripetal and centrifu-
gal forces, the subsequent section briefly reviews the new economic geography framework
in its simplest form (i.e., the Krugman (1991) model). Afterwards, a brief summary of al-

107 Krugman (1995, 36) has argued that “[i]n order to talk even halfway about economic geography it is
necessary to invoke the role of increasing returns in some form.”. Similarly, Weber (1922, 123) already
discussed agglomeration effects and locational advantage similar to Krugman’s NEG as a “[V]orteil,
also eine Verbilligung der Produktion oder des Absatzes, die sich daraus ergibt, dass die Produktion
in einer bestimmten Masse an einem Platz vereinigt vorgenommen wird.”

108 Myrdal (1957) addressed circular causation similar to Hirschman (1958). Circular causation and
cumulative effects are considered to lead to increasing superiority of countries that already have
superior productivity and a high level of income, while inferior countries will suffer from inferior
income levels. Myrdal described some backwash effects that promote inequality and emerge from
internal and external economies (economies of scale and growth of knowledge by innovation). See
Combes et al. (2008).

109 Essential for Krugman’s framework is that a fraction of the mobile income is spent in the region
in which it is generated. NEG approaches are said to be built upon qualitative ideas of Perroux’s
(1955) “growth poles,” on Myrdal’s (1957) contributions to “circular and cumulative causation,” and
finally on Hirschman’s (1958) concept of “forward and backward linkages” (Krugman, 1995; Crafts
and Venables, 2003; Capello, 2007; OECD, 2009a).

110 See also Krugman (1995), Roos (2002b), Robert-Nicoud (2005), Fujita and Mori (2005), Capello
(2007), Combes et al. (2008), OECD (2009a) and Dauth (2010).

111 The interested reader should consider, e.g., Roos (2002b), Roos (2004), Capello (2007), Cruz and
Teixeira (2007), Combes et al. (2008), OECD (2009a) and Thisse (2011) for a comprehensive overview
and discussion of agglomeration theories.
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ternative core-periphery models will follow with special emphasis regarding modifications,
extensions and conclusions.112

2.1.5.5.2. Industry Agglomeration, Core-Periphery and Footloose Labor

Krugman’s (1991) new economic geography (NEG) framework is regarded as the starting
point of a new generation of spatial economic models (Krugman, 1991, 1995, 2009; Capello,
2007; Combes et al., 2008).113 Increasing returns, transportation costs and migratory move-
ments are the pivotal factors which determine the dynamics of centripetal and centrifugal
forces and the emergence of core-periphery structures.114 The core-periphery model instru-
ments the trade-off between positive pecuniary externalities (i.e., agglomeration economies,
see section 2.1.5) and transportation costs.115

As skilled and unskilled labor are the only production factors, which are assumed to be
partly mobile, the modeling equilibrium essentially depends on the migration behavior of
workers. The model simplifies by excluding capital and intermediates. It consists of two
sectors; an agricultural and manufacturing sector. Workers in the agricultural sector do
not feature inter-regional or at least inter-sectoral mobility (i.e., the centrifugal force). In
opposition, workers within the manufacturing sector (and their expenditures) are inter-
regionally mobile, which represents the centripetal force. The representative agent is mod-
eled to follow a CES utility function, which exhibits a two-stage process of expenditure
allocation, i.e., expenditures for the agricultural (homogeneous) good and expenditures for
varieties of the manufacturing sector. The production side is defined by constant returns to
scale in the agricultural sector and increasing returns to scale in the manufacturing sector
(Krugman, 1991, 1995; Capello, 2007; Combes et al., 2008).

Regarding endowments, every region has a fixed amount of labor in the agricultural and
manufacturing sector. The traditional good underlies no transportation costs (i.e., the
channel for factor prize equalization), whereas manufacturing goods exhibit costs of trans-
portation. The equilibrium location of workers/ consumers and firms is determined by
several forces that strongly affect the dynamics of the model in terms of stability and
adjustment mechanisms (Krugman, 1991, 1995; Capello, 2007; Combes et al., 2008).

Firms optimize economies of scale in production by their location decision, which repre-
sents the incentive to relocate production to the larger regional market; i.e., the “market-
size-effect” or “home market effect.” The market expansion affects the local profits and
represents a strong incentive for firms to relocate production according to absolute terms

112 The following section only summarizes the main conclusions. For comprehensive overviews and formal
representations of NEG models refer to, e.g., Roos (2002b), Fujita and Krugman (2003), Robert-
Nicoud (2005), Fujita and Mori (2005), Capello (2007), Eckey (2008), Combes et al. (2008) and
Thisse (2011).

113 For an overview refer to Roos (2002b), Litzenberger (2007), Eckey (2008) and OECD (2009a).
114 In general, the NEG is widely classified as an extension of the new trade theory, although Krugman

personally defined the NEG as a general framework which includes the new trade theory as a special
case.

115 Krugman (1995, 62) finally stated that “[t]he clustering of production that results from this dynamic
process can be seen as the consequence of a kind of pecuniary external economy, not really inconsistent
with Marshall’s description.”

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



2.1. A Survey of the Theoretical Literature 47

(Fujita and Krugman, 2003; Fujita and Mori, 2005; Krugman, 2009). A firm’s decision to
relocate production induces two processes that essentially affect regional disparities. First,
there is a competition effect: the market entry of firms squeezes the market share and
profits of existing firms in the local market. Second, the spatial distribution is affected by
a demand or market-size effect: the increasing size of the local market affects the profits
of firms and their local labor demand. The increasing number of varieties and labor de-
mand bring about higher local wages and attract mobile skilled workers; thus, the circular
causality induces an additional increase in local expenditures via migratory movements. As
skilled workers are the only mobile factor of production, inter-regional movements induce
expenditure shifting, followed by production shifting. The higher the number of consumers
in a location, the more firms have to employ an increasing workforce to supply goods in
the local market. The more varieties are produced, the higher is the level of real income
and the more workers are attracted to the region. Accordingly, demand shifting induces
production shifting and the relocation of manufacturing goods induces again demand and
expenditure shifting (centripetal force) but also higher competition in the labor and goods
market in the growing core region (centrifugal force). A perpetuum mobile is clearly visible
(Krugman, 1991, 1992, 2009; Capello, 2007; Combes et al., 2008; OECD, 2009a). However,
the fixed amount of immobile agricultural workers functions as a strong centrifugal force
against the agglomeration process because immobile workers represent an immobile source
of demand for manufactured goods in the periphery. Low levels of transportation costs will,
however, not stop the relocation of skilled workers and the emergence of an agglomerated
manufacturing industry (Krugman, 1991, 1992, 2009; Henderson, 2003a; OECD, 2009a).

Nevertheless, the emergence of industrial core-periphery structures depends on the net
effect, meaning that the centripetal force (demand effect) has to surpass the centrifugal
force (competition effect). The strength of the competition effect depends positively on the
substitution elasticity among the goods produced by manufacturing firms and the costs of
transportation. The intensity of the demand effect depends on the realized economies of
scale which increase profits and the income share spent on manufacturing goods (Krug-
man, 1991, 1992, 1995, 2009; Capello, 2007). Accordingly, the original core-periphery
model is central in explaining the formation of core-periphery structures detached from
endowments.

To conclude, the stability of a core-periphery pattern is highly influenced by transportation
costs and the presence of pecuniary externalities. The demand effect always exceeds the
competition effect in case that (i) varieties are difficult to substitute, (ii) scale economies
are intense, (iii) the share of income spent by consumers on manufacturing goods is large
and (iv) transport costs are at a modest level or decreasing due to integration (Krugman,
1991, 1992, 1995, 2009). Accordingly, the strength of the competition effect and demand
effect are considered to change the geographic distribution of industries and the size of
local markets in a meaningful way (Krugman, 1991, 1992, 2009; Capello, 2007). Small
variations of the initial distribution of labor crucially determine the spatial distribution
of the manufacturing industry and the expenditures of consumers (function of initial con-
ditions or historical accident). Without the above mentioned assumption of migratory
movements of manufacturing workers, the core-periphery model would be unable to pro-
duce core-periphery structures (Krugman, 1991; Roos, 2002b; Capello, 2007). Thus, the
implementation of inter-regional mobility of workers is a key factor in explaining spatial
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expenditure shifting and thus circular and cumulative causation known from early cu-
mulative development models (Krugman, 1992, 2009; OECD, 2009a; Thisse, 2011).116 In
retrospect, new economic geography is considered to have benefited considerably from sev-
eral past workhorse contributions in economic theory, economic geography and regional
science (Fujita and Krugman, 2003; Crafts and Venables, 2003; Combes et al., 2008).117

For comparison purpose, the main findings of selected alternative NEG models, which offer
alternative centripetal forces, are briefly reviewed in the subsequent section.118

2.1.5.5.3. Alternative Core-Periphery Models

Krugman and Venables (1995b) introduced a model that puts aside migratory movements
of workers; it consists of two regions that are identical in endowments, preferences and tech-
nology. The manufacturing sector produces final goods and intermediates under increasing
returns to scale technology. In case of high transportation costs, the manufacturing indus-
try is equally distributed across the regions. In case of low transportation costs (below a
certain threshold level), the region with the initially larger manufacturing share will induce
a relocation process and attract producers due to strong forward and backward industrial
linkages (demand and cost linkages). First, final good producers benefit from stronger in-
dustry concentration of intermediate producers, which induces forward linkages (i.e., cost
linkages). Second, producers of intermediates will prefer to produce at a proximate dis-
tance to large final good producers, which induces backward-/demand-linkages (i.e., the
centripetal force). Real income in the core region is increasing due to these forward and
backward linkages. However, in case of falling transportation costs, the wage differential
between the periphery and the core region will induce relocation of firms back into the pe-
riphery. The model is pivotal in explaining input-output structures in the manufacturing
industry.119

Venables (1996) introduced an alternative framework to the Krugman-type core-periphery
model without migratory movements. The model incorporates pecuniary externalities
which originate from industry input-output linkages that induce cost effects. The model
consist of three sectors (in opposition to two sectors in Krugman and Venables (1995b)).
One sector produces a tradable good (perfectly competitive sector); the other two sectors

116 Furthermore, Krugman (1991, 497) argued that “[i]n an economy characterized by high transporta-
tion costs, a small share of footloose manufacturing or low economies of scale, the distribution of
manufacturing production will be determined by the distribution of the primary stratum of peasants.
With lower transportation costs, a higher manufacturing share or stronger economies of scale, circular
causation sets in, and manufacturing will concentrate in whichever region gets a head start.” Refer
also to Nobel Prize Committee (2008a,b).

117 See also Capello (2007), OECD (2009a) and Neary (2009). As Fujita and Krugman (2003, 142) have
concluded: “Dixit-Stiglitz, icebergs, evolution and the computer. Yet the slogan captures the essence
of the intellectual tricks that we and other new economic geography theorists have used in order to
cope with the technical difficulties involved in trying to deal with the subject. Everyone recognizes that
these are strategic simplifications, which is to say, intellectual cheap tricks; but they do allow us to
get past the technical issues and tell the stories about the real economics.”

118 For an overview refer to OECD (2009a).
119 For a comprehensive overview see Keilbach (2000), Roos (2002b), Litzenberger (2007), Combes et al.

(2008) and OECD (2009a).
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are vertically linked and show a monopolistically competitive structure and one sector
produces an intermediate good. The industries are located in both regions and the firms
supply their output to both markets. The level of linkages and transportation costs deter-
mines the production decision of firms. In the case of high transportation costs, firms have
an incentive to locate close to consumers and thus to produce in both locations. In the case
of low transportation costs, firms also prefer to produce in both locations, which induces
decreasing regional disparities since factor prices are equal in both locations. In the case of
intermediate transportation costs, the model shows emerging clustering forces which give
rise to multiple equilibria, determined by factor price differences. Some industries show
symmetric distribution in response to regional factor price differences; other industries,
however, agglomerate. To summarize, the cost effect in the model is associated with an
increase in firms’ profits through an expansion of the local market for intermediates. This
centripetal force works against the local competition effect (centrifugal force). If firms
use the same intermediates, the model of Venables predicts the following: (i) a decreasing
intermediate good price for downstream firms; (ii) an increasing market size for upstream
ones. The contribution is central in explaining the emergence of an intermediate industry
and the strength of pecuniary externalities.120

Krugman and Venables (1996) modified Venables (1996). The authors placed emphasis on
the process of European integration. Their model includes two industries in two regions.
Final and intermediate goods are produced in both industries and intermediates are used
in the production process. The production technology is characterized by monopolistic
competition. Migratory movements of workers are absent and transportation costs exist
for manufacturing goods. The model emphasizes the dynamics of economic integration
between several regions, each containing several industries. In case of high transportation
costs, the regions will generally maintain the full range of industries. Backward and forward
linkages are not strong enough to lead to core-periphery structures. In case of intermediate
transportation costs, industry agglomeration can only be observed if the initial distribution
of industries is skewed. In case of low transportation costs, regions with a strong initial
(exogenous) industry endowment benefit from a locational advantage that evolves due to
forward and backward linkages (cumulative circular causation). In this case, each region
concentrates onto a single industry.121

2.1.5.5.4. Critical Remarks and Discussion

The NEG literature contains a large number of alternative frameworks which explain the
spatial distribution of activities at different geographical levels, e.g., international special-
ization, the distribution of employment and productivity at the national, regional and city
level (Neary, 2001; Roos, 2002b; Fujita and Krugman, 2003).122 The impressive amount of
models is based upon heterogeneous (alternative) ways in which inter-firm relations gener-
ate externalities that induce centripetal and centrifugal forces. In some cases the external-
ities originate from the demand-side, in others from input-output linkages at the supply-

120 For an overview refer to Roos (2002b), Litzenberger (2007) and OECD (2009a).
121 Refer also to Keilbach (2000), Roos (2002b), Litzenberger (2007), Combes et al. (2008) and OECD

(2009a).
122 See alsoCapello (2007), Combes et al. (2008) and Neary (2009).
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side. Nevertheless, all these models implement pecuniary externalities.123 Accordingly,
the models solely differ in the way economists and geographers allow for varying modes of
mobility of people, capital goods or intermediates. The purpose of first-generation NEG
models was to explain regional specialization, agglomeration (i.e., industrialization) and
the distribution of industries (and agents) across regions, depending on spatial distance,
market-size (pecuniary) effects and costs of transportation.124 Non-pecuniary externalities,
such as knowledge flows or externalities (section 2.1.7), have not played any role.125

Furthermore, a salient feature of all new economic geography models is that the location
choice of firms is solely determined by profit maximization behavior whereas the location
decision of households crucially depends on utility maximization. The activities of agents
are interrelated and induce cumulative circular developments that give rise to centripetal
and centrifugal forces in line with antecedent contributions; i.e., Myrdal’s virtuous circle
of cumulative development and Kaldor’s formalized model of cumulative circular causation
(Krugman, 1995, 2009, 2010; Capello, 2007, 228, 236; Thisse, 2011). The basic argument,
according to early new economic geography adherents, was to develop a general theoretical
framework, that also includes aspects of trade theory, with special focus on pecuniary
(and proximity) externalities, which enter the system via market mechanisms depending
on prices (Krugman, 1991, 1995; Capello, 2007). Opposed to technological externalities,
market-led mechanisms do not affect utility or production directly (Ottaviano and Thisse,
2001; Roos, 2002b; Harris, 2008).126

Although there exists a meaningful amount of modifications of the new economic geography,
the majority of (older) contributions have not considered knowledge spillovers as a major
driver of agglomeration (Krugman, 1995, 2009; Martin, 1999; Capello, 2007). Krugman was
highly pessimistic with respect to centripetal forces stemming from knowledge spillovers.127

Krugman (1992, 54) argued that

“[k]nowledge flows are invisible; they leave no paper trail by which they may be

measured and tracked, and there is nothing to prevent the theorist from assuming

anything about them that she likes. So while I am sure that true technological

spillovers play an important role in the localization of some industries, one should

not assume that this is the typical reason - even in the high technology industries

themselves.”

123 The models which include R&D are briefly discussed in section 2.1.6.
124 In contrast to first-nature causes that refer to the concept of comparative advantage (i.e., natural

advantage, resources, endowments, infrastructure, climate, past location choice), the NEG models
especially use second-nature causes of agglomeration that induce cumulative causations due to pecu-
niary externalities.

125 For a critical debate on spillovers refer to Fujita and Thisse (1997), Krugman (2000), Fujita and
Krugman (2003), Robert-Nicoud (2005) and Krugman (2009, 2011).

126 Krugman (1995, 52) argued that “[w]hile it has been possible to make the sources of agglomeration
safe for neoclassical economics by assuming that they are pure technological externalities, this strategic
evasion has been costly in terms of both credibility and researchability. [Consequently,] you have
no deeper structure to examine, no way to relate agglomeration to more micro-level features of the
economy.”

127 In this context, the spatial share of innovative firms and the effects of firm size on invention and
productivity are essential in terms of intensity and spatial scope of MAR, Porter or Jacobs externalities
and the cluster life cycle. Unfortunately, firm size is still not incorporated in the early NEG models.
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Therefore, the new economic geography was mainly focusing on the trade-off between pecu-
niary externalities (centripetal force) and transport costs (centrifugal force). In this respect,
first-generation NEG models consciously suppressed technological externalities. However,
the influence and significance of knowledge externalities in the context of knowledge-
intensive industries became increasingly issued (Fujita and Thisse, 1996; Audretsch and
Feldman, 1996); especially by economic geographers, geography of innovation adherents
and researchers in an innovation system tradition (Duranton and Rodŕıguez-Pose, 2005;
Behrens and Thisse, 2007; Rodŕıguez-Pose, 2010). Additionally, Krugman (2011) has put
his 1990 statement into perspective.128

Another shortcoming of the presented new economic geography framework(s) is that social
and relational proximity, in the context of knowledge-intensive industries, do not perform a
central role in the conceptualization of agglomeration economies. This matter of fact distin-
guishes the NEG from the locational advantages in innovative milieus, network approaches
and concepts in an evolutionary economics tradition (see section 2.1.7.3). Accordingly,
NEG solely applies pecuniary externalities (see section 2.1.5) but not technological exter-
nalities (see section 2.1.6). A final critique concerns the lack of an R&D industry in early
NEG models. As R&D activity is not explicitly modeled, regional disparities of research
activities have to be considered to represent a reflection of the spatial distribution of the
manufacturing industry (i.e., the distribution of the intermediate and final good industry).
Thus, it has to be assumed that the distribution of R&D solely follows the spatial dis-
tribution (relocation) of the manufacturing industry. Accordingly, the framework clearly
suppresses R&D activities and knowledge-intensive tasks, which seems to reduce its appli-
cability to knowledge-intensive industries (Krugman, 2009, 2011). To address this issue in
a European context, the distribution of knowledge-intensive tasks is measured directly by
analyzing the spatial concentration of European research (and patenting) activity at the
regional level (see chapter 3).

2.1.6. Industry and Research Clustering and Innovation Externalities

2.1.6.1. Non-Pecuniary Externalities

The agglomeration economies, which have been described in the previous sections, examine
the role of space as a promotor of locational advantage that enters the system by means
of a more efficient use of resources and lower transaction and production costs, which in-
duce higher levels of productivity and profits at the firm-level. However, spatial proximity
not only improves static efficiency of production. Economists and geographers have addi-
tionally stressed the importance of non-pecuniary effects, i.e., technological externalities,
in the context of research clustering, R&D networks and co-patenting activity (Feldman
and Audretsch, 1999; Audretsch and Feldman, 2004; Johansson and Quigley, 2003). This
consideration predominantly concerns the relationship between spatial proximity and in-
novative and creative capacities of the firm and individuals, i.e., innovation externalities
(Capello, 2007, 193; Capello, 2009).

128 Similarly, Fujita and Thisse (1996, 345) argued that “[a]n economic agglomeration is created through
both technological and pecuniary externalities, often working together.”
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A seminal contributor to the technological externalities debate was Scitovsky (1954). He
concluded in the 1950s that non-pecuniary externalities apply when agents are interdepen-
dent.129 However, interdependence between agents does not necessarily have to occur via
prices, i.e., via anonymous market transactions.130 His main focal point was on the question
of non-rivalry, non-excludability and compensation. A few decades later, Griliches (1992b,
36) has related non-pecuniary externalities to R&D activities and knowledge spillovers as

“[w]orking on similar things and hence benefiting much from each others research.

[...] True knowledge spillover are ideas borrowed by the research teams of industry

i from the research results of industry j. [...] To measure them directly in some

fashion, one has to assume either that their benefits are localized in a particular

industry or range of products or that there are other ways of identifying the relevant

channels of influence, that one can detect the path of the spillovers in the sands of

data.”

Accordingly, technological externalities are considered to influence the economic efficiency
in terms of new routines or innovative capacity and innovation output of the firm and to
increase product diversity (Johansson, 2005; Capello, 2007).

Moreover, it is frequently argued that non-pecuniary externalities represent effects dis-
embodied from capital goods, new products, intermediates and service inputs and to be
decoupled from direct input-output linkages (Fujita and Thisse, 1996; Duranton and Puga,
2004; Capello, 2009). However, the technological externality approach (i.e., knowledge
spillover approach) has been heavily criticized as it implements a “black box” of unex-
plained technological progress into the production system (Fujita and Krugman, 2003;
Breschi and Lissoni, 2001a; Breschi et al., 2005).131

With respect to regional innovation systems (Cooke et al., 1997; Doloreux and Parto, 2005)
and research clusters, an essential factor is R&D activity, as it has a twofold effect within
the region. The first effect has a direct nature and leads to new blueprints/patents and new
products (see also sections 2.1.6.6 and 2.1.6.7). The benefits are then appropriated by the
inventor who has, under the assumption of existence of an intellectual property protection
system, a temporary monopoly position and rents. The second effect comes from knowledge
codification (i.e., the technical documentation/blueprint) in the patent application process.
This effect has an indirect nature in the sense that this kind of knowledge is available
for competitors under specific circumstances. They can accumulate the knowledge which
positively influences their innovative capacity (Capello, 2007, 189). However, due to the
property right protection competitors cannot commercialize the same pieces of knowledge

129 According to Scitovsky (1954, 144), non-pecuniary externalities originate from “[...] inventions that
facilitate production and become available to producers without charge.”

130 Scitovsky, among others, has differentiated between rent spillovers (via traded goods) and techno-
logical spillovers (no compensation). Rent spillovers originate from a market transaction, whereas
technological externalities (pure knowledge spillovers) are assumed to occur outside the market, e.g.,
knowledge spillovers from just being there. For older discussions see Griliches (1979), Grossman and
Helpman (1991b), Coe and Helpman (1995), Coe et al. (1997), Verspagen (1997) and Keilbach (2000).

131 Ottaviano and Thisse (2001, 160), for example, argued that “[t]echnological externalities are ‘black
boxes’, that is, ‘reduced forms’ that capture the crucial role of complex non market institutions whose
role and importance are strongly stressed by geographers and urban planners.”
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as the patent system generally provides a legal mechanism to enforce excludability.132

Nevertheless, the overall effect is a technological externality and an upgrading of the region-
wide, perhaps industry-wide, stock of knowledge and a positive effect on the innovative
capacity (i.e., innovation externality) (Johansson, 2005; Capello, 2007).133

Directly related to the previous points is the debate whether knowledge always fulfills the
attributes of non-rivalry and non-excludability (see, e.g., Romer, 1990b). The public good
character has been heavily criticized (Lissoni, 2001; Breschi and Lissoni, 2001b,a; Krugman,
1995).134 Several research streams have implemented the idea of externalities but modi-
fied to localized knowledge spillovers, localized networks and tacit knowledge (see section
2.1.7). In fact, the non-rivalry assumption of knowledge mainly works as perpetual-motion
in endogenous growth and economic geography models (see sections 2.1.6.6 and 2.1.6.7).
Endogenous growth models which are heavily built upon technological externalities nor-
mally lead to hypotheses towards economy wide under-investments in R&D and knowledge
production (see section 2.1.6.6).135 Due to the effects of R&D externalities on aggregate
growth, productivity and innovation output, the degree of rivalry and excludability cru-
cially determines normative conclusions and policy recommendations. These debates are
essentially dependent on the spatial level of analysis as externalities are determined by
strong distance decay effects, networks and industry structures (see also sections 2.1.7 and
2.2).

2.1.6.2. Marshall-Arrow-Romer Externalities and Specialized Clusters

A by-product of the discussions on agglomeration economies, associated with the knowledge
spillover approach, is the introduction of the “Marshall-Arrow-Romer (MAR) externalities”
concept (Audretsch, 1998; Partridge and Rickman, 1999; Carlino et al., 2001).136 It is
argued that local firms benefit from externalities that originate from a high concentration of
firms of the same industry (localization). These externalities can be regarded as a dynamic
type of localization economies (dynamic agglomeration economies) which are linked to
inventive capacity and innovation output of firms in the same industry (Feldman, 2000;

132 Non-pecuniary effects (externalities) determine the individual utility or production function directly
(Combes et al., 2008). This aspect is a crucial determinant in the new economic geography variants
of Martin and Ottaviano (1999), Baldwin and Forslid (2000a), Baldwin et al. (2001b), Baldwin and
Martin (2004) as will be discussed in detail in section 2.1.6.7.

133 According to the mainstream literature, the diffusion of knowledge in such models is not accompanied
by (full) monetary compensation.

134 Following Romer, non-rivalry means that different firms (or regional units) can take advantage from
new pieces of knowledge without diminishing the flow of knowledge for competitors (Romer, 1986,
1990b). Even if firm A diminishes the long-term economic benefit from the piece of knowledge for
competitors B, C, and D, all of them gain by absorbing (technological) knowledge/blueprints without
compensation.

135 Griliches (1992b, 43) has put special emphasis on R&D spillovers and has concluded that “[...] there
has been a significant number of reasonably well done studies all pointing in the same direction:
R&D spillovers are present, their magnitude may be quite large, and social rates of return remain
significantly above private rates.”

136 The MAR concept is considered to originate from contributions of Marshall [1890](1920), Arrow
(1962) and Romer (1986). Refer also to the remarks of Feldman (1999), Keilbach (2000), Combes
(2000b), Paci and Usai (2000a), van der Panne (2004), van der Panne and van Beers (2006), Capello
(2007) and de Groot et al. (2009).
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54 2. Research Clustering, Co-Inventor Networks and Innovative Places

Johansson, 2005; Capello, 2007).137 Accordingly, MAR-externalities imply that the spatial
concentration of firms of a specific sector promotes growth rates of innovation output (and
implicitly industry employment and productivity growth) (van der Panne, 2004; Johansson,
2005).138

In Henderson (1974), localization economies in cities are considered as a pure form of the
above presented Marshallian externalities; industry-specific productivity of workers is as-
sumed to increase with the industry employment share. Moreover, a relatively small techno-
logical distance between individuals and firms implies low barriers for knowledge spillovers
and is seen as a condition for sustained growth (innovation externality) (Greunz, 2003a;
van der Panne, 2004; Döring and Schnellenbach, 2006). This would lead to the testable hy-
pothesis, that regions which are characterized by higher sector-/industry-specific localiza-
tion of firms, and thus similar production technologies, should ceteris paribus tend to have
higher income and productivity growth rates and/or innovation output than regions with
lower intra-industry localization (Griliches, 1979; Boschma and Frenken, 2009a).139 Accord-
ingly, Marshall-Arrow-Romer externalities are sometimes linked to knowledge spillovers and
innovative capacity and sometimes to productivity or employment growth (Beaudry and
Schiffauerova, 2009).140

Similarly, Feldman (2000) concluded that firms, if they belong to the same (or at least
similar) industry, in which complementary assets are essential, could realize greater gains
(i.e., growth) in productivity.141 Moreover, she argued that MAR-externalities are generally
associated with strong distance decay effects (proximity externalities).

A final consideration in this context concerns the industry and cluster life cycle and the
existence of high- and low-tech regions (Audretsch and Feldman, 1996; Audretsch, 1998;
Malecki, 2010). Audretsch and Feldman (1996, 254) have matched the concept of knowl-
edge transfer with the stage of the (spatially clustered) industry under observation. They
concluded that

“[p]erhaps most striking is the finding that during the mature and declining stages

of the life cycle increases in the geographic concentration of production tend to lead

to greater and not less dispersion of innovative activity. It may be that new ideas

need new space, at least during the mature and declining stages of the industry life

cycle. In any case, the positive agglomeration effects during the early stages of the

industry life cycle apparently are less important during the latter life cycle stages.”

137 Empirical studies in the neo-Marshallian tradition also use productivity growth or employment growth
as proxies for such dynamic agglomeration economies (see also Roos, 2002; Harris, 2008; Neffke et al.,
2009).

138 To repeat a point made earlier, static localization economies solely explain disparities in (regional)
productivity levels and the effects on prices and costs via market transactions (Glaeser et al., 1992;
Audretsch and Feldman, 1994, 1999; Van der Panne, 2004; Johansson, 2005).

139 Henderson (2003a) finds that intra-sectoral specialization tends to have a positive effect on produc-
tivity.

140 See also Glaeser (2000), Feldman (2000) and DeGroot et al. (2009).
141 For complementary contributions that discuss this approach refer to Romer (1990b), Harhoff (1995),

Feldman (1999), Keilbach (2000), Caniëls and Verspagen (2001), Neffke et al. (2009) and Neffke et al.
(2011).
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It is argued in several studies that concentrated industries are in most cases mature indus-
tries and technology fields that are organized in large scale production. MAR externalities
are predominantly present in such mature industries (Feldman, 2000; Audretsch and Feld-
man, 2004).142 Accordingly, mature industries are considered to have enjoyed from cross-
fertilization and high growth rates of inventions at early stages of the life cycle (Audretsch
et al., 2008).143 Nevertheless, an important shortcoming of the MAR-spillover concept is
that it predominantly centers the origin of the externalities in an industrial perspective,
i.e., intra-industry effects. However, the working channels (carriers) of such knowledge
spillovers remain a “black box” and object for critique and further research (Feldman,
1999, 2000; Breschi and Lissoni, 2001a).

2.1.6.3. Jacobs Externalities and Diversity in Cities

“Jacobs externalities” are treated as a particular type of urbanization externalities.144

They represent dynamic inter-industry effects that originate from a significant diversified
production structure and are in most cases linked to inter-industry knowledge spillovers
(Partridge and Rickman, 1999; Johansson, 2005; de Groot et al., 2009).145 Related to
innovative capacity and innovation output, they are also labeled “innovation externalities”
(Johansson and Quigley, 2003; Capello, 2007, 193). Accordingly, innovation externalities
are dynamic economies which appear in the system as new routines (process innovations)
or new products and an increasing product diversity (product innovation) (Johansson,
2005).146

In the late 1960s, Jacobs (1969, 71) suggested that

“[o]ur remote ancestors did not expand their economies by simply doing more of what

they already been doing [...]. They expand their economies by adding new kind of

work. So do we. Innovating economies expand and develop. Economies that do not

add new kinds of goods and services, but continue only to repeat old work, do not

expand much nor do they, by definition, develop.”

Following her arguments, cities have to frequently upgrade their industries (see also Au-
dretsch and Feldman, 1999; Duranton and Puga, 2001).147 Otherwise, a monotonous urban
industry structure is considered to induce a stagnant settlement. As she has argued,

142 See also van der Panne and van Beers (2006), de Groot et al. (2009) and Neffke et al. (2011).
143 Griliches (1979, 104) presented the computer industry as an example: “[The computer industry] has

had a tremendous real productivity growth, most of it unmeasured in its official indices, and most of
it unappropriated within the industry itself [...] because of rather intensive competitive pressures.”

144 See Taylor (2006) for an overview and appreciation of Jane Jacobs.
145 See also Combes (2000a), Keilbach (2000), Carlino et al. (2001), Henderson (2003a), Autant-Bernard

and Massard (2007), Glaeser and Resseger (2009) and Dauth (2010).
146 This idea of cross-fertilization of industries has already been mentioned by Mansfield, who has linked

the spillover approach to knowledge as a relevant input. He has concluded that “[...] techniques
invented for one industry turning out to be useful for others as well.” (Mansfield, 1968, 19). Similar
ideas of inter-industry technology flows have already been argued by Scherer (1982).

147 See also Behrens and Robert-Nicoud (2008) and Henderson (2010).
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“[a] very successful growth industry poses a crisis for a city. Everything – all other

development work, all other processes of city growth, the fertile and creative ineffi-

ciency of the growth industry’s suppliers, the opportunities of able workers to break

away, the inefficient but creative use of capital – can be sacrificed to the exigencies

of the growth industry, which turns the city into a company town. [...] Monopolies

gratuitously harm cities and suppress what their economies are capable of achieving

[...] extortionate prices, harmful though they most certainly are, are the least of dis-

advantages of monopolies, for monopolies forestall alternate methods, products and

services” (Jacobs 1969, 124-125).

As firms’ (and regions’) innovative capacities are assumed to be stimulated by inter-
industry spillovers, the idea of cross-fertilization has been related to the regional settlement
structure, which means that the industry dimension of agglomeration economies is com-
bined with a geographic dimension (Audretsch and Feldman, 1999; Carlino, 2001; Capello,
2009). Large urban regions are considered to be more efficient and to gain in efficiency (pro-
ductivity), to innovate faster (innovation rate) and to grow faster (employment growth)
(Johansson and Quigley, 2003; Johansson, 2005; Capello, 2007, 195). Thus, cities and
urban areas are regarded to raise innovative capacities because they act as arenas for the
confluence of innovative factors (Fujita and Thisse, 1996; Duranton and Puga, 2001; Jo-
hansson and Quigley, 2003). According to the Schumpeterian paradigm, new economically
relevant knowledge emerges from creating new combinations of existing ideas. Related to
this view, Glaeser (2000, 83) considered cities to be centers of excellence for the creation
and transmission of ideas and figured that

“[c]ities will grow when they are producing new ideas or when their role as intellectual

centers is increasing.”

Glaeser et al. (1992) investigated how industrial diversity of a city - and not solely its
size and the size of its industries – can give rise to growth promoting agglomeration
economies.148 The authors argued that, in contrast to static externalities, dynamic ex-
ternalities have implications for industry growth rates in cities.149

Similarly, Audretsch and Feldman (1999) and Audretsch et al. (2008) linked higher poten-
tialities for invention and innovation to urban, diversified industry structures but not to
specialized ones. Their conclusions are based upon the empirical result that the number
of new US product announcements of diversified spatial units exceeds those of industries
located in cities, which are specialized into a few industrial activities.150

The Jacobs-externality approach is also in line with Florida’s “creative class” hypothesis,
where creative people are considered to locate in diversified locations and creative places

148 In a later work, Glaeser (1996, 230) has pointed out the idea that “[g]rowth hinges on the movement of
ideas, naturally led to a re-exploration of the economic role of cities in furthering intellectual flows.”

149 Glaeser et al. (1992, 1128) additionally argued that “[dynamic externalities] are different from the
more standard location and urbanization externality theories that address the formation and special-
ization of cities (Henderson 1986) but not city growth.”

150 In a similar context Kelly and Hageman (1999) stated that the location of industry R&D activities is
much more determined by other industries’ R&D activities than industries’ own production.
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to (re-) combine pieces of knowledge and to establish an entrepreneurial society (Florida,
1995, 2002c,a).151

More recently, based on the above presented concepts, classifications and debates, re-
searchers in a geography of innovation tradition are challenging the “relatedness” of indus-
tries (Boschma and Frenken, 2009b; Boschma and Iammarino, 2009; Neffke et al., 2011).
These studies test the hypothesis that knowledge predominantly spills over between related
technology fields (i.e., related variety), which adds a cognitive dimension to the industrial
and spatial dimension of agglomeration economies.152

To conclude, Jacobs externalities are generally linked to the benefits from industrial cross-
fertilization and are in most cases associated with distance decay effects (proximity exter-
nality). Accordingly, it is argued that cities serve as central places for upgrading a region’s
innovative capacity because knowledge is assumed to spill over between industries at a
proximate distance. Hence, accumulated knowledge of a specific industry can (partially)
be applied in other (or related) industries.153

With a glance on the technological diversification and presence of different technology-
specific research clusters in European capital and metro regions and urban and rural ar-
eas, this study applies EPO patent applications at the regional level to contribute to the
“specialization-diversity” debate (see chapter 3).

2.1.6.4. Porter Externalities and the Competitive Advantage of Regions

In comparison to the inter- and intra-industry knowledge spillover debate, economists (and
geographers) have discussed the effects of competition on the rate of innovation and growth;
some argue that monopoly structures encourage innovation; others argue that competi-
tive markets show higher rates of innovation (Carlino, 2001; Carlino et al., 2001; Capello,
2007).154 Porter argued in several studies, in line with the MAR-externalities concept, that
knowledge spillovers and strong competition in geographically concentrated and specialized
industries stimulate growth (Glaeser et al., 1992). In this context, externalities are associ-
ated with cities and urban areas and originate from competition between proximate firms.
The approach is based upon Porter’s “competitive advantage concept” and the “Diamond
approach,” which mainly consists of four determinants (Porter, 1990, 1998a,b).155

According to Porter (1990, 71), the approach centers

151 In this respect, the creative class approach resembles a sort of human capital theory.
152 The “diversity-specialization-debate” is addressed in the empirical literature review (section 2.2) and

challenged in the empirical analyses with special focus on research clustering and patenting activity
(sections 3 and 3.5).

153 For further details refer to Jacobs (1969), Glaeser et al. (1992), Audretsch and Feldman (1999),
Breschi and Lissoni (2001), Scott and Storper (2003), Athreye and Werker (2004), Greunz (2005).

154 According to Carlino (2001, 19), “[w]hen local economies are competitive, the innovations of local
firms are rapidly adopted and improved by neighboring firms. In contrast, local monopolists tend to
rest on their laurels rather than risk innovation.”

155 For a critical discussion refer to Glaeser et al. (1992), Maggioni (2002), Martin and Sunley (2003),
Martin and Sunley (2005).
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“(i) factor conditions (e.g., the nation’s position in the factors of production, such as

skilled labour or infrastructure, necessary to compete in a given industry; (ii) demand

conditions (e.g., the nature of home demand for the industry’s product or service;

(iii) related and supporting industries (e.g., the presence or absence in the nation of

supplier industries and related industries that are internationally competitive); (iv)

firm strategy, structure and rivalry (e.g., the conditions in the nation governing how

companies are created, organised, and managed, and the nature of domestic rivalry.”

Porter (1996, 87) adapted the Diamond concept, which has been introduced at the level of
countries, to the regional level and suggested that

“[r]egional clusters grow because of several factors: concentration of highly specialized

knowledge, inputs and institutions; the motivational benefits of local competition;

and often the presence of sophisticated local demand for a product or a service.”

In rethinking the effect of location on competition, he argued that local competition is
mostly limited to competition for natural resources, employees and inputs, e.g., highly-
skilled employees (Porter, 2000). But effects from local competition on the international
competitiveness of firms is hard to theorize (Martin and Sunley, 2003). Similarly, Glaeser
et al. (1992) argued that fierce local competition may produce significant incentives to
innovate faster. According to this, Porter externalities are very similar to the MAR-
case presented above; the discussions, however, should focus on the underlying market
structure.156

To summarize, Porter externalities are intra-industry externalities. Opposed to monopoly
power, the presence of pure competition and rivalry in a cluster (or region) propels creation,
adoption and diffusion of information and knowledge and the development of new products.
According to this approach, the incentives to innovate are greatest when markets work
under strong competition.157 Unfortunately, competition and market structures cannot be
explored in the pan-European context in this study due to a significant lack of firm-level
data.

2.1.6.5. A Taxonomy of Innovation Externalities

The above presented different sources and working channels of technological externalities
are summarized in table 2.4. The main focus is on knowledge spillovers and informa-
tion externalities that originate (i) from anonymous market-led activities as an unintended
by-product, (ii) from routinized and sustained transaction linkages between well-known
partners at a proximate or long-distance (i.e., R&D co-operations, co-patenting networks),
or (iii) from MAR- and Jacobs externalities (knowledge spillovers) in agglomerations (prox-
imity externality). With respect to the latter, a relevant source of knowledge externalities
is related to unintended spillovers from knowledge providers in dense agglomerations.

156 Glaeser et al. (1992, 1127-1128) argued that “[k]nowledge spillovers in specialized, geographically
concentrated industries stimulate growth. (Porter) insists, however, that local competition, as opposed
to local monopoly, fosters the pursuit and rapid adoption of innovation.”

157 For a discussion see also Audretsch and Feldman (1999), Audretsch and Feldman (2004) and Feldman
and Kogler (2010).
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The MAR- and Jacobs externality approach emerged in the mid 1980s and 1990s and re-
flects a combined industrial and geographic dimension on (dynamic) agglomeration economies
that primarily differentiates between inter- and intra-industry effects in a spatial context
(Audretsch and Feldman, 1999; Capello, 2009). However, the main focus of the approach
is on scale and diversity but not explicitly on the working channels and micro-foundations
of knowledge transmission (Breschi and Lissoni, 2001a). Although it is a multidimensional
approach that includes the industry and geographic dimension, it gives no role to synergies,
to research networks, to innovation and learning or to socio-cultural or cognitive aspects.

Nevertheless, inter- and intra-industry innovation externalities may also originate from
tacit knowledge transmission in localized social (informal) networks and from long-distance
research collaborations, which is in line with the “collective learning approach” (McCann
et al., 2002; Johansson, 2005; Wilhelmsson, 2009).158 Therefore, section 2.1.7 places the
emphasis on these shortcomings.

2.1.6.6. Endogenous Growth Theory and Research Clustering

2.1.6.6.1. Knowledge Stocks and Knowledge Spillovers

In order to explain persistent national and regional growth disparities and the emergence
and persistence of research clustering, the relationship between research activities, knowl-
edge stocks and innovation processes are taken into account in the literature. Early en-
dogenous growth (NGT) models are mainly built upon technological externalities and thus
correspond to the proposed taxonomy of agglomeration economies and externalities (see
sections 2.1.4.3 and 2.1.6).159

An influential contribution to the endogenous growth literature represents the work of Paul
Romer (1986, 1987, 1990b,a). Romer himself explained the idea of regional disparities as
rooted in a Smith-Marshall-Young-Kaldor tradition (Rima, 2004; Chandra and Sandilands,
2005; Solow, 2007).160 What has been essential for the cluster literature, in the context of
knowledge-intensive industries, is the combination of ideas about spatial interaction with
theoretical aspects of endogenous growth (Capello, 2007; Eckey, 2008; OECD, 2009a).
Following the early contributions of Romer (1986), ideas (or knowledge) generally do not
correspond to the law of diminishing returns as opposed to labor or capital inputs (see
section 2.1.7). In Romer’s original NGT version (1986), the stock of knowledge in the
economy is intertwined with the capital accumulation process, but the “public” capital

158 The diffusion of knowledge in social networks is also addressed in section 2.1.7 and the empirical
review in section 2.2.6. Refer to Johansson and Quigley (2003), de Groot et al. (2009), Breschi and
Lissoni (2009), Capello (2009).

159 For a comprehensive overview refer to Capello (2007), Eckey (2008) and OECD (2009a).
160 Romer (1986, 1004) argued that “[t]he idea that increasing returns are central to the explanation of

long-run growth is at least as old as Adam Smith’s story of the pin factory. With the introduction
by Alfred Marshall of the distinction between internal and external economies, it appeared that this
explanation could be given a consistent, competitive equilibrium interpretation. The most prominent
such attempt was made by Allyn Young in his 1928 presidential address.”
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60 2. Research Clustering, Co-Inventor Networks and Innovative Places

remains uncompensated. That being the case, the technological progress and interde-
pendencies between new ideas, technological knowledge and capital accumulation induce
endogenous growth (Romer, 1986; Capello, 2007).

Table 2.4. Innovation externalities

Externality
type

Transaction type Mechanism

Industry struc-
ture in agglom-
erations

Spillovers based on proximity; different
innovation spillovers in an agglomeration;
MAR- and Jacobs externality (see sec-
tions 2.1.6.2, 2.1.6.3 and 2.1.7.3).

Size and structure of the agglomeration;
inter- and intra-industry knowledge ex-
ternalities stimulates the innovation pro-
cesses and product development of firms.

Market vs. net-
works (section
2.1.7.7)

Upstream knowledge spillovers. Uninten-
tional spillovers as by-product of anony-
mous market transaction.

Information and/or knowledge spills over
as by-product of interaction between an
(knowledge) input-buying firm and its
suppliers.

Downstream knowledge spillovers. Un-
intentional spillovers as by-product of
anonymous market transaction.

Information and knowledge spillovers oc-
cur as a by-product of interactions be-
tween an (knowledge) input-selling firm
and its customer.

Upstream knowledge spillovers. Rou-
tinized, persistent inter-firm (network)
transaction linkages induce knowledge ex-
ternalities.

Information and/or knowledge spillovers
from a vertical transaction linkages (for-
mal network); directed spillovers stimu-
late innovation output of the buyer.

Downstream knowledge spillovers. Rou-
tinized, persistent inter-firm (network)
transaction linkages induce knowledge ex-
ternalities.

Information and knowledge spillovers
from a vertical transaction linkages (for-
mal network); directed spillovers stimu-
late innovation output of the seller.

Competition Competition between proximate compa-
nies in a specialized cluster (Porter exter-
nality, see section 2.1.6.4).

Due to physical proximity competing
firms imitate competitors in order to
move towards best-practice, improve rou-
tines and develop new products.

Source: illustration based on Johansson (2005, 122), Johansson and Quigley (2003) and Capello (2007,
2009).

Knowledge is assumed to enter the production sphere in two ways (Romer, 1986; Capello,
2007, 242). First and foremost, newly developed technological knowledge is utilized by the
firm that has invested in its development to obtain productivity effects and new products.

This knowledge can be protected from being imitated. Second, the new pieces of knowl-
edge that have been protected by the legal system increase the stock of public available
knowledge as the technological knowledge is codified in the patent application. Thus, de-
signs become available for other researchers in the form of public patent documentations
(i.e., blueprints). By studying the blueprint, pieces of knowledge have a high propensity to
spill over to other researchers (and regions/clusters) and will increase their productivity.
Moreover, one could think of cross-fertilization of firms in other industries (see sections
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2.1.4.3 and 2.1.6). The “diversification-specialization debate” exactly builds upon this
argument (Beaudry and Schiffauerova, 2009; de Groot et al., 2009). The question then
centers the issue of the spatial and technological proximity of knowledge (i.e., technolog-
ical relatedness). Several authors discuss the threshold level of spatial and technological
(and cognitive) distance (Boschma and Frenken, 2009b; Neffke et al., 2009, 2011).161

Regarding the main mechanisms, most contributions to the endogenous growth theory
build upon the concept of technological externalities, which is specified by non-rivalry
and (partial) non-excludability, e.g., in a blueprint-producing R&D sector (Arrow, 1962b;
Romer, 1990b; Jones, 2004).162 Introducing externalities converts decreasing returns into
constant or increasing ones.

In a regional context, regions with high population densities and a crucial size of their
populations of researchers are expected to reach high levels of innovative output (innovation
externality) and efficiency via new routines (efficiency externality). Moreover, it is assumed
that researchers generally build dense and developed social networks that increase the scope
for the exchange of information, ideas and technological knowledge (Breschi and Lissoni,
2009). These prerequisites could then stimulate knowledge exchange and technological
progress in the spatial unit (Gordon and McCann, 2000; Iammarino and McCann, 2006).163

These thoughts are reflected in the “proximity versus network debate,” which focuses on
innovation output and productivity growth (Johansson, 2005; Capello, 2007).

2.1.6.6.2. Technological Externalities and Specialization

Several endogenous growth models interpret the source of increasing returns as rooted in
fixed costs and/or technological externalities.164 Accordingly, besides the pure knowledge
spillover approach (Romer, 1986), increasing returns are linked to the concept of fixed costs,
which implements a form of indivisibilities (non-convexities) and specialization (Romer,
1987, 1990b,a, 1991; Rima, 2004; Chandra and Sandilands, 2005).165 Therefore, these
models combine the mechanisms presented in sections 2.1.4.3, 2.1.5 and 2.1.6.

161 As has been argued by Castellacci (2008, 985), “[t]he general proposition that innovation and inter-
sectoral knowledge spillovers are important for the international competitiveness of manufacturing
industries is a major point of agreement between new growth theories and evolutionary economics.
The two approaches, however, differ substantially in terms of the conceptualization of the innovative
process and the analysis of its economic impacts.”

162 Regional knowledge bases can be non-rival because they can be utilized by agents without limiting
their use by additional agents (non-rivalry). Moreover, non-rivalry goes in most cases hand-in-hand
with non-excludability (Romer, 1990b). This circumstance distinguishes knowledge and information
from capital goods and equipment, which can normally only be used in one location (at a certain
time).

163 This view will be challenged empirically in sections 3.5 and 4.3.5.
164 For a detailed review of the NGT refer to Seiter (1997).
165 As mentioned by Romer, the concept of Young’s increasing returns is rather built upon the division of

labor; this concept combines tendencies of specialization and the expansion of the market, opposed to
increasing returns by assuming fixed costs due to economies of scale. Romer (1989, 198) has argued
that “[t]he degree of specialisation, or equivalently, the number of different firms that are available
at any point in time or location, is limited by the presence of fixed costs [...] Although Marshall
and Young choose to describe specialization in terms of competitive equilibrium, with externalities,
it is now clear that a more rigorous way to capture the effects they had in mind is in a model with
fixed costs. In an equilibrium with nonnegative profits, price must exceed marginal costs to be able
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62 2. Research Clustering, Co-Inventor Networks and Innovative Places

Based on his early ideas, Romer (1990b) has contributed with a model of endogenous
growth, which includes fixed costs (non-convexities), knowledge spillovers and a monop-
olistic market structure. The propelling drivers in the model are (i) horizontal product
innovations, (ii) monopolistic competition and (iii) R&D activities and sector-wide learn-
ing effects on researchers’ productivity (see also Rima, 2004; Chandra and Sandilands,
2005).166 The framework does not explicitly contain capital goods but builds upon high-
skilled labor (human capital) and blueprints in the production process. Thus, knowledge is
assumed to enter the system via human capital (rivalry) and blueprints (non-rivalry). The
model represents a three-sectoral system. It consists of a perfectly competitive final good
sector (manufacturing good) that uses intermediates; the intermediate sector uses the new
designs.167 To implement a sort of learning process, productivity in the R&D sector is as-
sumed to grow proportionally with the accumulated number of blueprints, i.e., the stock of
designs, which leads to positive technological externalities. Knowledge spillovers are thus
assumed to drive productivity gains in the R&D sector (sector-wide learning curve).168

This is the so-called “standing on shoulders effect,” which enables endogenous growth in
these models (see also section 2.1.6.7). The cumulative process shows some kind of scale
effect. The higher the knowledge stock of a region, respectively the stock of blueprints in
a region, the higher are the associated productivity gains in the region-specific research
sector. If the stock of knowledge is a function of the number of researchers in a region,
then agglomerated regions (cities, metropolises) should show higher rates of innovation
(Eckey, 2008, 132).169 The number of firms (which is equal to the number of individuals)
is determined by the regional population; the number of firms, entry rates and the scale of
operation is thus not endogenous. There is no entry because labor supply (i.e., the number
of researchers) is fixed (Eckey, 2008).170

2.1.6.6.3. Conclusions and Critical Remarks

Similar to the above described model, Grossman and Helpman (1991b, 1993) have shown
that localized spillovers can lead to geographic disparities and research clustering. The
assumption of (partial) non-excludability of knowledge suggests that R&D activities can
induce technological externalities (i.e., knowledge spillovers and their productivity effects)

to recover these fixed costs, so the model must therefore contemplate some forms of market power.”
For comprehensive overviews refer to Roos (2002b), Rima (2004), Chandra and Sandilands (2005),
Capello (2007), Eckey (2008), Harris (2008) and OECD (2009a).

166 It is, however, essential to understand that the model of Romer (1990b) includes no machinery sector
or capital goods in the production function. Most capital theories introduce technological progress
via capital good embodied technological change by means of increasing productivity.

167 The assumption of an R&D sector is picked up in several path-breaking models in new economic
geography and endogenous growth theory. Finally, the NEGG model in this paper also has an R&D
sector that produces designs.

168 Romer (1986) also used externalities; however, his initial paper of 1986 does not include monopolistic
competition and deals with an aggregated production function and global knowledge spillovers.

169 Consequently, several models showed scale effects, where an increasing population of entrepreneurs
or higher population growth rates would lead to higher productivity gains/regional growth rates.

170 The simultaneous treatment of agglomeration and growth is not the primary concern. For this purpose,
agglomeration and growth need to be combined via the introduction of knowledge and its diffusion
in space. Industrial specialization, clustering and spatial diversity then highly depend on knowledge
exchange and knowledge externalities.
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(see section 2.1.7). However, the primary interest of the authors is grounded on explaining
endogenous growth but not explicitly agglomeration economies and research clustering (and
centripetal and centrifugal forces).171 Grossman and Helpman (1993, 16) argued that

“[b]y technological spillovers we mean that (1) firms can acquire information cre-

ated by others without paying for that information in a market transaction, and (2)

the creators or current owners of the information have no effective recourse, under

prevailing laws, if other firms utilize information so acquired. [...] The techno-

logical spillover that result from commercial research may add to a pool of public

knowledge, thereby lowering the cost to later generations of achieving a technological

breakthrough of some given magnitude. Such cost reductions can offset any tendency

for the private returns to invention to fall as a result of increases in the number of

competing technologies.”

Endogenous growth models have been heavily criticized. Jones (1999) argued that regional
growth in the endogenous growth theory is problematic as it is driven by the implemen-
tation of externalities that originate from the stock of accumulated ideas (blueprints) and
discoveries due to non-rivalry (see also Keilbach, 2000; Jones, 2004).172 The stock of ideas
is assumed to be directly proportional to the economy’s research effort, which, in turn, is
considered to be a function of the total population, i.e., researchers or the creative class
(Florida, 1995, 2002c; Jones, 2004; Glaeser, 2005a). Therefore, a considerable number of
endogenous growth models are accused to suffer from the so-called “scale effect” (Jones,
1999). It is the link between ideas and returns to scale that gives rise to a basic scale effect
in idea-based growth models (Romer, 1986, 1990b; Grossman and Helpman, 1991b; Aghion
and Howitt, 1992). The growth rate of blueprints (and the economy) is proportional to
the amount of research activities undertaken in the economy which is itself dependent on
the growth rate of the population. Accordingly, it is argued that an increase in the size
of the regional population, other things being equal, raises the number of researchers and
therefore increases the growth rate of per capita income.173

Unfortunately, the transfer mechanisms of spillovers remain a “black box.” The models
generally abstract from the manifold transfer channels as will be highlighted in section 2.1.7.
Much of the criticism has also centered on the non-excludability assumption (Capello, 2007;
Freund, 2008). In many cases, economically useful technological knowledge fulfills the at-
tribute of partial excludability, because it is possible to prevent other agents from using
technologies (e.g., epistemic communities). Excludability is reflected by technological pat-
terns (tacit knowledge, secrecy) but also by the legal system in an economy. Accordingly,
knowledge can be made partially excludable by patent systems. However, depending on the
technology case, some pieces of knowledge always remain inaccessible because codification
is complex and some additional parts of knowledge have a tacit nature (section 2.1.7.2).

In conclusion, although the economization of knowledge is protected by legal systems
(patent systems), spillovers of knowledge may lead to productivity effects in the develop-

171 See also Baldwin and Martin (2003), 19, footnote.
172 Romer (1990b, 98) argued in his 1990 paper that “[the model here suggests that what is important for

growth is integration not into an economy with a large number of people but rather into one with a
large amount of human capital.”

173 Jones (1998, 11) argued that “[t]he size of the economy affects either the long-run growth rate or the
long-run level of per capita income.”
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ment of further products and processes (section 2.1.6.7).174 Further to this, if the potential
output of the researchers, who are studying blueprints in the patent documents of their
rivals, could violate existing intellectual property rights in the future is rather a technical
and legal issue (i.e., the IPR debate). After all, it is clear that patent documents contain
codified knowledge (see section 2.1.7), which is available for those who can translate and use
it, thus narrowing knowledge transmission to a technology- and sector-specific process and
flows within epistemic communities. The translation of blueprints imposes considerable
costs and presupposes specific knowledge and skills (partial excludability) only existent
in epistemic communities (Steinmueller, 2000; Cowan et al., 2000; Lissoni, 2001). This
assumption is consistent with the “absorptive capacity concept” (Cohen and Levinthal,
1990). Related to these thoughts, scientific/technological knowledge is considered to be
rather a club good as only fractions of researchers (and firms) can access, translate, mod-
ify and recombine such pieces of knowledge (Freund, 2008). Growth poles and centers of
technological excellence will persist if the local stock of technological knowledge, which
is strongly connected to the number of researchers, is unequally distributed across space.
Moreover, the clustering of research activities may persist under the assumption of spa-
tially localized knowledge externalities (proximity externalities), which is strongly related
to some key properties of innovative milieus (section 2.1.7.3). An initial non-symmetric dis-
tribution of knowledge stocks (i.e., blueprints, researchers, research laboratories) and/or
strong distance decay effects of knowledge transfer (i.e., pure externalities and partially
compensated flows) may be able to explain the persistence of core-periphery structures, re-
search clustering and regional growth differentials (Capello, 2007; Sachs and McCord, 2008;
Henderson, 2010). According to these thoughts, endogenous growth models can be used
to explain income and growth differentials and persisting regional disparities in research
activities, but they are not suited to explaining the emergence of regional core-periphery
structures, at least without migratory movements or researchers, changing distance decay
effects of knowledge transmission or other centripetal forces that induce cumulative circular
causation.175

The spatial distribution of knowledge stocks and researchers is a crucial factor for regional
development. Therefore, the distribution (and clustering) of knowledge stocks and dis-
parities in research and patenting activity in Europe will be explored in this study by
analyzing the concentration of EPO patenting activity at the regional level (see chapter
3). Persistent core-periphery structures in patenting activities should then be reflected in
significant differences regarding regional growth rates (see chapter 5).

2.1.6.7. Research Clustering and Knowledge Flows in Core-Periphery
Models

2.1.6.7.1. Agglomerations, Blueprints and Technological Externalities

In the standard NEG framework, second-nature causes of agglomeration and clustering
solely capture pecuniary causes and effects of agglomeration, e.g., vertical linkages, in-

174 The literature then issues a “free lunch” from positive technological externalities.
175 The role of innovative capacities, knowledge stocks and research clustering with respect to GDP

growth rates of European regions will be discussed in chapter 5.
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creasing returns, transport costs and distance sensitive production, and mobility of work-
ers.176 Recent contributions focus on the concentration of production and R&D activities,
which induce alternative centripetal forces (i.e., R&D spillovers) and determine relocation
and regional growth.177 Clustering of research activity can be traced back to several fac-
tors, e.g., accesses to (i) market information, (ii) codified and tacit knowledge, (iii) skilled
employees (and human capital in general), (iv) patenting and researcher networks (see
section 2.1.7.5), and (v) specialized suppliers in highly fragmented production and sup-
ply chains. Accordingly, research activities show indeed spatial concentration in several
industries, since firms and entrepreneurs are inclined to co-locate in those regions where
required inputs, tasks and processes co-agglomerate (Feldman, 1994b; Gallagher, 2008).
The discussed spatial nature of knowledge (see section 2.1.7) has directly entered the new
economic geography literature and established a second generation of models by means of
an explicit recognition of knowledge transmission as a pivotal centripetal force.178 Fujita
and Krugman (2003, 161) concluded that

“[t]here recently appeared several multiregional growth models such as Martin and

Ottaviano (1999), Baldwin et al. (2001) and Fujita and Thisse (2003) in which

a core-periphery model is grafted onto a Grossman-Helpman-Romer-type model of

endogenous growth. [...] the proximity of people is certainly helpful in the diffusion

and generation of knowledge (in particular, through face-to-face communications).”

In this respect, Baldwin and Martin (2004) and Gosens and de Vaal (2010), among oth-
ers, point out the importance of face-to-face contacts for knowledge transmission (section
2.1.7.2) and localized knowledge flows (section 2.1.7).179 Accordingly, agglomeration of
manufacturing industries, R&D activity and regional growth in blueprints (i.e., capital
goods) seem to be positively related. That being the case, agglomeration is considered to
have a positive effect on regional growth (i.e., growth in blueprints). Knowledge stocks
and manufacturing industries co-locate in regions, which induces research clustering.180

As a consequence, regional disparities remain and non-equity of research distribution is a
possible and maybe stable outcome.181 The centripetal force which originates from R&D
concentration and localized knowledge spillovers may be quite strong. Given the assump-
tion of constant (non-decreasing) returns to learning in the aggregate production function
of regions, knowledge spillovers in agglomerations can be interpreted as an elementary
source of sustained regional growth (Glaeser et al., 1992; Fujita and Thisse, 1996, 2003).

176 Pecuniary externalities are transferred and stimulated via the market mechanism. However, they
are different from technological externalities as the latter explicitly focus on non-rivalry and non-
excludability of knowledge as an input.

177 Baldwin and Martin (2003, 28) suggested that “[...] growth affects geography which itself affects
growth and agglomeration is driven by the appearance of growth poles and sinks.”

178 According to the OECD, “[k]nowledge can be regarded as an economic output in the form of a produc-
tion blueprint but knowledge is also an input required to produce new blueprints. [...] In this sense, it
recalls a corn-economy in which corn produces corn” (OECD, 2000, 21).

179 They refer to the existence of some kind of “home-bias.”
180 In other words, “[g]rowth, through innovation, spurs spatial agglomeration of economic activities which

in turn leads to a lower cost of innovation and higher growth so that a circular causation between
growth and the geographic concentration of economic activities sets in” (Martin and Ottaviano, 2001,
948).

181 These results are in line with the findings from the spatial variants of endogenous growth models
developed by Romer (1990b,a) and Grossman and Helpman (1991a), among others.
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Furthermore, the regional disparities of knowledge spillover effects between the center and
the periphery explain diverging growth paths in blueprint production and the intensity of
R&D clustering. According to this conceptualization, the implementation of knowledge
externalities and sectoral learning processes can be regarded as the foundation of a second
generation new economic geography framework, the “new economic geography growth”
(NEGG) or “growth-cum-geography models” (Baldwin and Krugman, 2004).

However, the NEGG models show some central differences regarding centripetal and cen-
trifugal forces. The subsequent table 2.5 summarizes the forces that influence the emer-
gence and stability of core-periphery structures and the concentration of research activ-
ity.182 In general, the new economic geography can be divided into three classes of mod-
els.183 The seminal contribution was made by Krugman (1991) with his core-periphery
framework that allows for labor mobility and expenditure relocation (see section 2.1.5.5).
Later on, the core-periphery framework was enriched by vertical linkage (VL) models that
focus on centripetal forces originating from input-output linkages, by footloose capital
(FC)/capital accumulation (CC) models that center R&D externalities that induce cost
linkages and by footloose entrepreneur (FE) models that place the emphasis on migratory
movements of agents (Cerina and Pigliaru, 2005; Cerina and Mureddu, 2009).

In the following, selected models that challenge the regional distribution and structural
dynamics of research and patenting activity are briefly presented and discussed.

2.1.6.7.2. Growth-Cum-Geography Models and R&D Location

Baldwin and Forslid (2000a) introduced a cum-growth-geography framework based on R&D
spillovers. Spillovers can either be intra- or inter-regional (but also somewhere in between).
Blueprint (capital) mobility between the regions and repatriation of profits is impossible.
A high level of transportation costs (i.e., a low level of integration) is always a stable
equilibrium with no core-periphery emergence; however, it is accompanied by lower re-
gional growth rates. The authors showed that a change in transportation costs (at the
break point) leads to a “growth take-off” stage if one region accumulates relatively more
blueprints (i.e., knowledge). The regional growth rate increases until a new equilibrium is
reached. At higher levels of transportation costs, the model predicts full industry agglom-
eration in only one region; accompanied by higher growth rates (i.e., growth in blueprints)
but also increasing regional disparities between the two regions, which again induces norma-
tive issues and a trade-off between equity distribution of industrial activity and aggregate

182 It should be realized that the last row centers the spatial range of technological externalities or
knowledge spillovers that are crucial in NEGG models. The other factors, however, also influence
core-periphery stability.

183 The conceptualization of different geographical scales in models demonstrates that agglomerations
are regarded to be influenced by varying centripetal and centrifugal forces. Thus, all these forces
form and modify the spatial complex system of economic activity. The essential contribution of NEG
models is then to devise a modeling approach that can give essential ideas and information about
the centripetal forces that pull the economy together and the opposed centrifugal forces that push
things apart (Fujita and Krugman, 2003). As Combes et al. (2005, 330) concluded, “[...] there is no
inherent contradiction between the urban system approach and NEG: the latter is trying to explain
broad trends at large spatial scales while the former attempts to explain spikes of economic activity.”
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Table 2.5. Cumulative causation and forces of agglomeration

Centrifugal Forces Centripetal Forces

a small regional market and small initial manu-
facturing share

thick markets, home-market effect (i.e., large ex-
penditure share) and expenditure shifting

immobile factors of production (i.e., inter-
regional immobility of, e.g., labor, entrepreneurs,
patents)

mobility of entrepreneurs, consumers, firms,
patents/blueprints (factor mobility)

competition effect (falling price index in the ag-
glomeration)

initial (exogenous) higher level (skewness) of fac-
tor endowments (first-nature)

land rents, commuting, congestion costs intra-regional vertical linkages (intermediates, re-
sources, skilled labor input)

global knowledge spillovers (public good, no dis-
tance decay); inter-regional social ties; inter-
regional co-inventor linkages

local knowledge spillovers (strong distance decay
effects); intra-regional social ties; intra-regional
co-inventor linkages

Source: own illustration based on Baldwin et al. (2001b), Roos (2002b), Baldwin and Martin (2004),
Cerina and Pigliaru (2005), Cerina and Mureddu (2009) and Gosens and de Vaal (2010).

growth. To conclude, the model shows that regional growth rates are affected by research
and industry clustering.184

In Baldwin and Forslid (2000b), a Krugman-type geography framework is merged with an
endogenous growth model. The monopolistically competitive sector (increasing returns)
uses labor and capital inputs (i.e., blueprints). The production of blueprints exhibits tech-
nological externalities in terms of sector-wide (localized) learning effects; thus, industry
agglomeration and research clustering are considered to be growth enhancing. Accordingly,
localized knowledge spillovers and the growth of blueprints are considered to enforce the ag-
glomeration process. Skilled workers (and their expenditures) show migratory movements
between the regions due to varying present values of the underlying utility function, which
induces expenditure shifting (centripetal force) (see also Martin and Ottaviano, 1999). To
conclude, endogenous growth emerges from sector-wide learning effects in the R&D sector
and core-periphery is additionally driven by migratory movements, which differentiates this
model (and others) from early endogenous growth models. The model demonstrates that
localized knowledge spillovers and research clustering generally support the emergence and
stability of core-periphery structures (independent from the level of transportation costs),
whereas global spillovers can also induce a process of dispersion. Regarding these predic-
tions, it seems to be of great importance to measure research clustering in Europe.

Martin and Ottaviano (2001) introduced a core-periphery model in which labor is assumed
to be inter-regionally immobile. Labor inputs are used to produce a homogeneous consump-

184 For an overview of NEGG models also refer to Roos (2002b) and Litzenberger (2007).
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tion good, a differentiated good and blueprints.185 The authors merged the NEG with a
Rivera-Batiz and Romer (1991) endogenous growth model. As usual in these frameworks,
aggregate growth and the costs of blueprints are considered to be dependent on the to-
tal number of past research activities within the R&D sector. Blueprints are protected
infinitely by a patent whose initial property belongs to agents in the region where the
research effort was identified. Patents can be sold and are initially equally distributed
among regions. The cost of R&D will be lower in the region where more firms are located
due to localized knowledge spillovers. Both regions will engage in research activity if the
manufacturing industry is equally distributed. That being the case, there are no incentives
to relocate production of the increasing returns sector because the demand for varieties as
well as their profits are the same in both regions. If the distribution is not equal, R&D
activity also shows a core-periphery structure. If research activity is concentrated in one
region, firms will tend to relocate to the core (agglomeration) where the local expenditure
level is higher. Accordingly, agglomeration is an increasing function of growth (i.e., “for-
ward linkage”). Furthermore, higher concentration of industries in one region is regarded
to affect the R&D learning curve and thus to reduce the costs for additional blueprints
(R&D externalities), which attracts more researchers (and firm entries) until profits are
zero. Growth is modeled as an increasing function of agglomeration (i.e., “backward link-
age”).186 If the initial distribution is asymmetric, the only stable steady state is the one
in which all research activity is concentrated in a single region. This implies that pro-
duction and R&D activities are geographically concentrated, even if research is still more
agglomerated than manufacturing activity (see, e.g., Audretsch and Feldman, 1996).

Fujita and Thisse (2003) introduced an alternative core-periphery framework, which is
similar to the one introduced by Baldwin and Forslid (2000b). The authors reported very
similar conclusions concerning the agglomeration-and-growth relationship. A Krugman-
type geography framework was extended to incorporate endogenous growth via blueprint
accumulation (see also previous models). The R&D sector makes use of skilled labor
to create new blueprints; the blueprints are then used in the manufacturing sector as a
capital input. Similar to Baldwin and Forslid (2000b), the migration behavior of skilled
agents is taken into account. Fujita and Thisse showed that industry co-location (and
research clustering) leads to higher growth (in varieties). Moreover, if several centripetal
forces are strong enough, even those firms are better off which remain in the periphery,
although absolute discrepancies between the core region and the periphery increase (i.e.,
in industrialization, employment structure, wages).187

Concerning the possibility of cross-fertilization and inter-industry productivity effects, Ce-
rina and Mureddu (2009) modified the framework of Baldwin et al. (2001a) by allowing
inter-sectoral technological externalities (see also section 2.1.6.3). Their framework allows
for spillovers from the R&D sector to the service sector. As a result of these inter-sectoral
knowledge spillovers, the effects and welfare implications are even more unclear, compared

185 The homogeneous good is produced under constant return to scale and perfect competition and trans-
portation costs are nil. The manufacturing good, in opposition, is produced under increasing returns
to scale and monopolistic competition and transportation induces costs (Martin and Ottaviano, 2001).

186 The symmetric equilibrium (manufacturing share being equal) is only stable for positive equilibrium
growth rate, when the regions start in a symmetric distribution.

187 Indeed, this resembles a strong welfare conclusion similar to the ones included in the former NEGG
models.
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to the standard case without cross-fertilization. Assuming an initial core-periphery struc-
ture with an agglomerated industry in one region, the authors presented different effects.
The core region is generally better off and benefits from two dynamic gains from cluster-
ing: (i) an increase in the nominal growth rate of blueprints due to localized knowledge
spillovers; (ii) a decrease in the costs of services due to (localized) inter-sectoral knowl-
edge spillovers (i.e., productivity effects). At the same time, the deindustrializing region
experiences two effects: (i) a dynamic gain given by the increase in the nominal growth
rate of manufacturing goods, which are transported to the periphery; (ii) a dynamic loss
due to the fact that the stock of capital goods (i.e., blueprints) in the periphery does not
grow anymore. Moreover, service prices are fixed as services do not benefit from localized
productivity spillovers because inter-sectoral spillovers are localized in the core region. The
authors assumed that these losses in the periphery may be counterbalanced by the gains
in the services in the core region. Thus, agglomeration is at least welfare enhancing at the
aggregate level.188

A final consideration concerns the implementation of social ties and networks. Gosens
and de Vaal (2010) have built on the Fujita and Thisse (2003) “growth-cum-geography
model” to analyze the implications of migratory movements and inter- and intra-regional
social ties. Inter-personal linkages are considered to be a crucial factor for tacit knowledge
exchange within and between regions (see section 2.1.7.2). They introduced a relationship
between migration, knowledge spillovers and the concept of codified and non-codified (tacit)
knowledge.189 Codified knowledge is accessible and applicable to other researchers in the
community and thus spills over quite easily, whereas non-codified knowledge may remain
tacit and local due to several reasons, e.g., for lack of absorptive capacity and/or social
ties.190 According to Gosens and de Vaal (2010), migration is a key factor to benefit from
knowledge from other regions. Moreover, inter-regional and intra-regional social ties lower
the costs of exchanging tacit knowledge and ease knowledge spillovers, meaning that the
region of immigration essentially profits from tacit knowledge of immigrant researchers
when social ties to arriving researchers grow considerably.191 The authors concluded that
agglomeration of high-skilled researchers and thus research clustering in one region is not a
straightforward outcome as the region of immigration and the region of emigration are both
affected by existing knowledge networks. Accordingly, if immigrants continue their social
relationships with the region of emigration, their newly accumulated tacit knowledge will
spill over from the region of immigration to the region of emigration. This idea is identical
to the arguments discussed in section 2.1.7.4.192

188 Considering the deindustrializing region, the real growth rate in case of the symmetric equilibrium
can be higher compared with the core-periphery equilibrium if the dynamic loss in the services sector
overcomes the dynamic gain in manufacturing. However, the standard NEGG interpretations find
that the core and the periphery enjoy the same dynamical gains of agglomeration.

189 For a critical survey refer to Lissoni (2001) and Breschi and Lissoni (2001b).
190 According to the authors, tacit knowledge exchange is related to social interaction within the labor

force, while productivity effects from codified knowledge is related to the number of manufacturing
varieties in the region.

191 Important empirical studies are, e.g., Agrawal et al. (2006) and Saxenian (2006).
192 This reasoning resembles Saxenian’s “new argonauts” that propel knowledge exchange between the

United States and Asian countries (Saxenian, 2006).
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2.1.6.7.3. Critical Remarks and Discussion

NEGG models can be applied to work out general mechanisms that induce relocation and
geographic clustering of knowledge bases, researchers and patenting activity (i.e., research
clustering). These frameworks have strong similarities to the geography of innovation liter-
ature (Audretsch and Feldman, 2004; Boschma and Frenken, 2009b; TerWal and Boschma,
2009) and the regional systems of innovation (RIS) approach (Cooke et al., 1997; Cooke,
2008), although the methodological realization is different. All these research lines gener-
ally address clustering and challenge the observed spatial structures of innovative activity,
research clustering and regional disparities relating to knowledge-intensive activity.

The aforementioned core-periphery frameworks offer important insights into the distribu-
tional dynamics of research clustering. Opposed to early NEG models (see section 2.1.5.5),
recent contributions are additionally emphasizing the relationship between research clus-
tering strength, agglomeration and growth of the R&D sector. The modeling structures, as
presented in table 2.5, are different to early NEG models. Demand- and supply-side link-
ages, which emerge from pecuniary externalities in early NEG models, are replaced and/or
complemented by alternative core-periphery mechanisms, i.e., non-pecuniary (technolog-
ical) externalities.193 In line with endogenous growth models, the details on knowledge
transfer mechanisms remain a “black box.” Nevertheless, the main conclusion of NEGG
models is quite similar to endogenous growth models: localized knowledge spillovers (and
flows), which induce productivity effects in the R&D sector, sustain core-periphery struc-
tures. Therefore, it can be concluded that the spatial distribution of research activity, the
distance decay of knowledge spillovers and the structure of inter-regional research networks,
i.e., patenting networks, play a crucial role for regional development as major fractions of
knowledge are distributed via (R&D-) network linkages. Unfortunately, network linkages
still represent a minor framework alternative and an ignored channel of knowledge diffu-
sion.

As has been emphasized by recent studies, inter- and intra-regional research networks may
be well reflected by researchers’ co-patenting activities (see section 2.2). Regarding theo-
retical considerations of research networks, network mechanisms and knowledge flows via
linkages represent a meaningful shortcoming of the above described models. The follow-
ing section briefly summarizes major theoretical aspects of inter-personal and inter- and
intra-regional research collaboration linkages and networks.

To conclude, from a empirical point of view, there is a great need for analyzing the distri-
butional dynamics of European research activities at the regional level and to explore the
structural dynamics of co-patenting network linkages between European regions. There-
fore, the analysis of the distribution of research clusters and inter-regional co-patenting
networks in chapters 3 and 4 is regarded as to challenge the aforementioned shortcomings
in a European context.

193 The main sources and references to the NEGG model are Baldwin and Forslid (1999), Martin and Ot-
taviano (1999), Baldwin and Forslid (2000b), Baldwin et al. (2001b), Baldwin et al. (2001a), Baldwin
and Martin (2003) and Cerina and Pigliaru (2005).
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2.1.7. Agglomerations, Networks and Knowledge Transmission

2.1.7.1. Knowledge Flows, Network Linkages and Spillovers

Besides the broader concept of agglomeration economies presented in the previous sections
(sections 2.1.4.3, 2.1.5 and 2.1.6), the survey is now related to the specific factors that
are considered to represent the pivotal determinants of knowledge transmission, research
clustering and the distribution of research activities. An important consideration concerns
the theoretical conceptualization of the working channels of knowledge transmission in
the context of spatial and relational proximity in milieus and the exchange of knowledge
via inter-regional (trans-territorial) networks (Breschi and Lissoni, 2001b,a; Capello and
Faggian, 2005). A crucial aspect in this regard consists of the attributes and properties of
knowledge (Lissoni, 2001; Capello, 2009).

From a conceptual point of view, Tödtling et al. (2010), among others, have proposed a
comprehensive classification of knowledge-sourcing strategies that differentiates between
the possible knowledge acquisition channels at the firm level (see table 2.6). Similarly, Jo-
hansson and Quigley (2003) and Johansson (2005, 133) differentiated between agglomera-
tion economies and the external economies of networks, whereby agglomeration economies
and network economies are different but sometimes overlapping. They concluded that
spillovers, which originate from networks and transaction linkages (quasi-market), are dif-
ferent from unintentional spillovers that emerge from anonymous market activities. More-
over, they argued that the advantages of established (formal and informal) networks and
proximity externalities can geographically overlap in agglomerations. The subsequent table
2.6 summarizes the mechanisms.

Table 2.6. Mechanisms of knowledge acquisition

static (knowledge transfer) dynamic (collective learning)

formal/ traded re-
lation

anonymous market relations; contract
research; consulting; licenses; buying of
intermediate goods and knowledge from
knowledge suppliers

co-operation/formal networks; link
transaction; R&D co-operations with
agents at a proximate or distant lo-
cation; shared use of R&D facilities
making repeated and similar trans-
actions with identifiable and distinct
partners

informal/ un-
traded relation

externalities/spillovers; recruitment of
specialists; monitoring of competitors;
participation in fairs, conferences; read-
ing of scientific literature, patent speci-
fications

milieu/informal networks; informal
contacts between agents; social net-
works in agglomerations; proximity sen-
sitive

Source: illustration from Tödtling et al. (2010, 6); see also Johansson and Quigley (2003), Storper and
Venables (2004), Johansson (2005) and Capello (2009) for similar concepts.

First and foremost, spillovers of knowledge may originate from unplanned interactions,
especially in the context of highly populated areas and city agglomerations (see the pre-
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vious section). This argument has shifted the attention of researchers towards models
of urban growth, which are based on agglomeration economies (Glaeser et al., 1992; Fu-
jita and Thisse, 2003; Malecki, 2010). In this respect, knowledge spillovers constitute an
important factor of these agglomeration economies and thus influence co-agglomeration
and research clustering. Henderson (1999), e.g., concluded that most external economies
stem from information externalities (identical to knowledge spillovers).194 Accordingly,
firms, research institutes and even single researchers within the system produce economi-
cally useful knowledge, which can unintentionally spill over to other agents without (full)
financial compensation (see section 2.1.6.1).

However, firms that are involved in market transactions have the possibility to take addi-
tional advantage of unintended knowledge spillovers. Moreover, the co-operation of firms in
sharing the costs (and risks) of an investment may result in a meaningful exchange of valu-
able knowledge. Nevertheless, this cannot be considered as a pure knowledge spillover,
since it is first and foremost an exchange of information (or knowledge) crafted on a
market transaction (and monetary flow) (Breschi et al., 2005; Johansson, 2005). Con-
sequently, pecuniary (market-led) flows of knowledge have to be separated theoretically
from non-compensated flows (i.e., spillovers that are pure technological externalities) and
less-compensated knowledge spillovers (rent spillovers) (Verspagen, 1997).195 However,
such a differentiation is difficult regarding empirical studies.

As no consensus or established approach exists to differentiate between pure spillovers
and flows, the empirical analysis in this study is restricted to the identification of re-
search collaboration linkages between agents and regions in a pan-European context, i.e.,
co-patenting linkages (see chapter 4). It is argued that such linkages represents the only
practical measure of knowledge transfer when analyzing hundreds of regions.196 The ex-
tent to which collaboration linkages, e.g., co-patenting linkages, induce spillovers is not
challenged in this thesis.

2.1.7.2. Tacit versus Codified Knowledge and the Embodiment Concept

Literature distinguishes between three essential properties of knowledge as an economic
good (Nonaka and Takeuchi, 1995; Lissoni, 2001; Foray, 2004): (i) parts of knowledge are
non-excludable, which makes it difficult to control or to prevent others from using it; (ii)
parts of knowledge are non-rival, which means that other agents can use it, even simulta-
neously, and therefore it is inexhaustible. However, there is also a discussion related to the

194 For similar arguments refer to Fujita and Thisse (1996), Black and Henderson (1999b), Black and
Henderson (1999a) and Glaeser (2008).

195 Griliches (1992c) distinguished between “rent spillovers” and true “technological spillovers” (see also
Verspagen, 1997). Market spillovers are a synonym for rent spillovers. For an understanding of the
conceptualization of rent spillovers, the thesis follows the arguments of Griliches and Jaffe in assuming
that some knowledge enters the production function of firms with less compensation, which means
that some knowledge is internalized by other firms for a lower price (quality price model). Besides
this conceptualization, knowledge spillovers can also enter the production (or utility) without any
compensation, which then represents technological externalities.

196 See Ejermo and Karlsson (2006) for a similar argumentation.
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appropriability of knowledge (Cohen and Levinthal, 1990; Capello, 2007; Malecki, 2010);197

(iii) knowledge is cumulative in nature; although old knowledge becomes partly obsolete
as best practice technologies and processes advance, some parts of the knowledge base can
remain essential. Accordingly, the three mentioned characteristics seem to be essential
when discussing economies of agglomeration and the co-location of agents with respect to
knowledge generation and transfer, especially in knowledge-intensive industries.

Nonaka and Takeuchi (1995) have introduced a conceptual framework based upon tacit-
ness and codifiability of knowledge, which helps to classify the transformation of knowl-
edge and implicitly its diffusion into different categories:198 (i) combination, which is the
transfer/transformation of explicit (codified) knowledge to explicit knowledge; (ii) inter-
nalization, which is the transfer/transformation of explicit knowledge to implicit (tacit)
knowledge; (iii) externalization, which represents the transfer/transformation of implicit
knowledge to explicit knowledge via codification; (iv) socialization, that encompasses the
transfer/transformation of implicit knowledge to implicit knowledge (Nonaka and Takeuchi,
1995).199 Channel (iv) is especially of pivotal interest in recent debates on inventor mobil-
ity, e.g., the mobility of engineers (Almeida and Kogut, 1999; Breschi and Lissoni, 2009)
as will be discussed in the empirical review (see sections 2.2.5 and 2.2.6). The empiri-
cal contribution on co-patenting linkages within European inventor networks is, however,
mainly focusing on channel (i), although co-inventorship activity is considered to rely on
significant parts of implicit knowledge. Moreover, absorption by other agents needs specific
technological knowledge and skills.

The approach just described has similarly been proposed by Polanyi (1966). He introduced
the differentiation between tacit (implicit) and codified (explicit) knowledge. Stickiness of
knowledge is mainly based upon three assumptions: (i) difficulties in exchanging knowl-
edge over long distances, (ii) a context-specific nature that needs common social, organiza-
tional and even institutional set-ups, and (iii) the necessity of organized learning processes.
Stickiness and thus a substantial increase in the need for geographical, technological, and
organizational proximity for economic interaction, and an increasing need for face-to-face
contacts (i.e., “handshakes”), may in particular be useful to explain persistent research
clustering and agglomeration of innovative activity (von Hippel, 1994; Audretsch, 1998;
Feldman, 2000).200 In the same line of reasoning Gertler (2003, 79) argued that

“[w]hen one combines these two features of the innovation process - the centrality of

sticky, context-laden tacit knowledge and the growing importance of social interaction

- it becomes apparent why geography now matters so much.”

197 Appropriability and the concept of absorptive capacity are related to knowledge accumulation. Cohen
and Levinthal (1990, 129) argued that “research on memory development suggests that accumulated
prior knowledge increases both the ability to put new knowledge into memory, what we would refer to
as the acquisition of knowledge, and the ability to recall and use it.”

198 According to Nonaka and Takeuchi (1995, 59), “[t]acit knowledge is personal, context-specific, and
therefore hard to formalize and communicate.”

199 For further discussions of codification processes from implicit to explicit knowledge refer to Cowan
et al. (2000), Feldman (2000), Fischer (2001), Scherngell (2007), Jensen et al. (2007), Cooke (2007).

200 von Hippel (1994, 432) has argued that “[w]hen information transfer costs are a significant component
of the cost of the planned problem-solving work, it is reasonable that there will be a tendency to carry
out innovation-related problem-solving activity at the locus of sticky information.”. See also Breschi
et al. (2005) and Cooke (2007).
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Tacitness of knowledge is context-specific. Some people may find it simple to articulate such
(pieces of) knowledge, others, however, do not (Cowan et al., 2000; Lissoni, 2001; Johansson
and Quigley, 2003). In this respect, epistemic communities (of science) have developed their
own language, institutional set-up and communication codes for codifying, transmitting
and securing scientific knowledge and for reinforcing tacitness and reducing externalities
(Steinmueller, 2000; Lissoni, 2001; Balconi et al., 2004). Accordingly, knowledge can be
considered a freely available good within each epistemic community (club good). Related to
the degree of codifiability of knowledge, the subsequent table 2.7 summarizes the different
modes of knowledge diffusion.201 The table particularly centers the type of knowledge
(tacit versus codified) and possible working channels of knowledge transmission.

Table 2.7. Modes of transfer of tacit and codified knowledge

Acquisition
mechanism

Codified knowledge/
public good

Codified knowledge/
private good

Tacit knowledge

non-market acqui-
sition/ informal
networks

learning and absorption
of specific knowledge
by studying documents,
data, blueprints; educa-
tion and graduation from
organizations

externalities from reverse
engineering; strategic
brain drain; studying
patent descriptions

externalities from job
hopping; learning by
doing, watching, inter-
acting; inventor networks

market acqui-
sition and/or
formal networks

- purchase of technology
(anonymous market);
licensing of technologies
protected by patents;
software R&D assign-
ments; M&A

acquisition of researchers
and engineers as carriers
of tacit knowledge; es-
tablished, stable and re-
peated co-operations and
R&D networks as carriers
of tacit knowledge

Source: illustration taken from Franz (2010, 8); see also McCann et al. (2002), Johansson and Quigley
(2003), Johansson (2005), Scherngell (2007) and Jensen et al. (2007) for similar concepts.

To conclude, possible transfer channels (and carriers) of knowledge spillovers are sum-
marized in table 2.8 for a complementary review. According to the table, the working
channels can be classified with respect to the “embodiment” issue. The table distinguishes
between knowledge embodied in people and knowledge enclosed in goods. It is worth
noting that the empirical analysis draws attention to the distribution of research activity,
where the focus is on the distribution of patenting activity, inventors and inter-regional co-
patenting networks, but not explicitly on people, their social networks or their migratory
movements.

201 For further discussions and definitions of tacit knowledge refer to Feldman (1994b), Audretsch (1998),
Feldman (1999), Ottaviano and Thisse (2000), Lissoni (2001), Asheim and Gertler (2005), Döring and
Schnellenbach (2006), Scherngell (2007), Jensen et al. (2007) and Franz (2010).
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Table 2.8. Transfer channels of knowledge via agents, goods and documents

Embodied in agents Embodied in products/documents

mobility of labor; especially mobility of highly
skilled people via job hopping

technology white book and scientific publications

mobility of labor via entrepreneurship and spin-
offs

patent documents, patent application, patent li-
censing

mobility of labor via conferences, expositions vertical linkages/technology transfer via reverse
engineering of intermediates (rent spillovers)

(formal) inventor networks and informal social
networks

horizontal linkages/technology transfer via re-
verse engineering of final goods (rent spillovers)

Source: illustration based on Feldman (2000), Lissoni (2001), Johansson and Quigley (2003), Johansson
(2005), Scherngell (2007) and Capello (2009).

2.1.7.3. Agglomerations, Innovative Milieus and the Proximity Hypothesis

Networks are considered to differ from agglomerations although they may have some over-
laps (Burger et al., 2009). The formation and efficiency of an agglomeration arises from its
quasi public good character (non-rivalry, non-excludability). Agents, households and firms
within an agglomeration share the benefits of spatial proximity; only spatial distance makes
it a “quasi club good” if agglomeration economies show strong distance decay effects. In
contrast, an economic network between agents represents some kind of “private capital”
which originates from individual investments that are shared solely by network partici-
pants. Economic networks emerge from collective decisions which are made by groups
which run private institution. However, agglomerations and industry clusters rely mostly
on public institutions (Johansson and Quigley, 2003; Johansson, 2005).

According to Johansson (2005), networks are generally established in order to facilitate
the exchange of assets within and between organizations, regions and countries to reduce
transaction costs. The transaction cost approach (TCA) is helpful to determine whether
markets, organizations or a combination is more efficient in coordinating exchange of assets.
Intangible economic networks represent transaction agreements and routinized arrange-
ments between agents and firms; they differ from the anonymous market and physical
networks (see also Williamson, 1975, 1979; Johansson and Quigley, 2003; Wilhelmsson,
2009). An economic network can be regarded as an organization of interlinked agents
which combines features of the market and the firm. The network internalizes some in-
teraction costs and is built on several agreements, similar to standard market contracts.
Accordingly, networks exist in order to reduce transaction costs. Regarding research and
co-inventor networks, it is generally argued that long-distance research collaborations are
costly. When transactions are generally distance-sensitive, persistent transaction linkages
can overcome spatial distance and reduce costs. However, there are always fixed costs
associated with the process of establishing a network between agents and/or firms. The
transaction costs may be lower inside an agglomeration, but long-distance linkages also
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reduce costs if they are persistently used (McCann et al., 2002; Johansson and Quigley,
2003; Johansson, 2005). Accordingly, network linkages can emerge within agglomerations
in different forms, e.g., industrial complexes and social networks, but also between regions
and agglomerations (McCann et al., 2002; Johansson and Quigley, 2003; Burger et al.,
2009). The co-patenting analysis in chapter 4 builds upon this idea, as R&D collabora-
tion is regarded as a meaningful channel for knowledge flows (Ejermo and Karlsson, 2006;
Burger et al., 2009).

Contributions to regional knowledge networks and the innovative milieu since the late 1970s
combined an “industrial,” “spatial” and “cognitive” dimensions of agglomeration economies
(Capello and Faggian, 2005; Capello, 2009). An interesting debate in the context of spatial
proximity was related to the distance decay effects of knowledge transfer due to the afore-
mentioned properties of knowledge. Although geography was included in the “spatial” and
“industrial” concepts, the micro-foundations of knowledge transmission remained a “black
box” (Lissoni, 2001; Breschi and Lissoni, 2001a; Storper and Venables, 2004). However, a
salient feature reported by many empirical studies is that greater distance tends to decrease
the frequency of economic activities and interactions among observations, especially with
respect to knowledge transmission and research activity. For this reason, intellectual tasks
are considered to be influenced enormously by geographic distance (Maggioni et al., 2007;
Maggioni and Uberti, 2009; Hoekman et al., 2009). That being the case, the observed pat-
terns of spatial knowledge diffusion are said to originate from the different properties and
attributes of knowledge as described above. In light of this, scholars regularly make use
of the tacit knowledge concept in order to explain and categorize the relationship between
spatial proximity and knowledge transmission. Thus, the tacit knowledge concept is linked
with the social network approach (Lissoni, 2001; Breschi and Lissoni, 2003; Storper and
Venables, 2004).202 Such (social) networks are generally related to the work of, e.g., Gra-
novetter (1973) and can be regarded as a response to the hierarchies model of Williamson
(1975) (see also Johansson, 2005; Capello, 2009). The social network approach argues that
mutual trust relations between agents in different organizations are at least as important as
decision-making hierarchies within the individual organizations (McCann et al., 2002).

Opposed to the commonly applied a-spatial public good character of knowledge in early
endogenous growth models (Romer, 1986; Jones, 2004), the French “proximity school” con-
siders localization as a relevant factor due to the costly transmission of knowledge across
space as it is embedded, non-codified and not explicitly stated. For this reason, it is not
easily transferable and its exchange is extremely costly and sensitive to the social context,
which is itself a local phenomenon (localized social networks). Such localized interdepen-
dencies create a milieu effect (Camagni, 1991b,a; Capello, 2009). The approach explicitly
supports the observed phenomena of spatial concentration and clustering of research activ-
ity (Paci and Usai, 2000b; Balconi et al., 2004; Maggioni et al., 2007). The local “stickiness”
of parts of knowledge is assumed to support localized intra-regional knowledge-intensive
interaction (Nonaka and Takeuchi, 1995; Lissoni, 2001; Johansson and Quigley, 2003).203

202 Similarly, Lundvall (2007, 103) suggested that “[a] key difference between firms, sectors, regional
and national systems is the role played by respectively codified and tacit knowledge in the innovation
process.”

203 Refer also to Scherngell (2007), Lundvall (2007) and Powell and Giannella (2010).
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Regarding spatial distance between epistemic communities, it is argued that it is difficult to
communicate and collaborate over considerable distances, as distance generally increases
costs of establishing and maintaining knowledge access (Balconi et al., 2004; Hoekman
et al., 2009). Long-distance transaction and its coordination are generally more time-
consuming, cost-intensive and hinder a productive dialogue compared to collaborations at
a proximate distance. According to that, the efficiency of knowledge exchange at a dis-
tance is a function of codifiability, teachability and complexity (Breschi and Lissoni, 2003;
Storper and Venables, 2004; Capello, 2009). Related to these interdependencies, Storper
and Venables (2004), Bathelt et al. (2004) and Maskell et al. (2005), among others, argued
that local systems are determined by several dimensions of proximity. They emphasized
that localized learning processes are heavily influenced by learning by interacting (verti-
cal), learning by monitoring (horizontal) and some neighborhood-effects and “local buzz”
(social dimension), which makes the city a central place. Similarly, Glaeser et al. (1992,
1126) argued that

“[i]f geographical proximity facilitates transmission of ideas, then we should expect

knowledge spillovers to be particularly important in cities. After all, intellectual

breakthroughs must cross hallways and streets more easily than oceans and conti-

nents.”

Obviously, the above presented concept of “knowledge tacitness” is used and extended
by different schools of thought; e.g., economic geographers (Boschma and Frenken, 2009;
Hoekman et al., 2010), economists (Fujita and Thisse, 1996; Ottaviano and Thisse, 2001;
Baldwin and Martin, 2004; Gosens and de Vaal, 2010) and innovation scholars (Audretsch,
1998; Audretsch and Feldman, 1999; Feldman, 1999, 2000; Breschi and Lissoni, 2003).

The presented assumptions and concepts lead to the conclusion that the region represents
a central place of knowledge production, recombination and sharing (and of knowledge
diffusion in general).204 This idea is considered to be especially relevant with regard to
research activity that is in general spatially concentrated in large cities and urban regions
(Fischer, 2001; Cooke, 2001; Henderson, 2010).205

Another working channel of knowledge exchange at a proximate distance are spin-offs,
which are considered to be located in the neighborhood of their parent organizations (or
competitors), which increases spatial concentration and thus research clustering (Zucker
et al., 1998; Audretsch et al., 2005; Ponds et al., 2010). According to Audretsch and
Feldman (2004, 2733), spin-offs locate in proximity to existing clusters as

“[s]uch start-ups typically do not have direct access to large R&D laboratory. Rather,

these small firms succeed in exploiting the knowledge and experience accrued from

the R&D laboratories with their previous employers.”

To conclude, spatial proximity affects network formation and place makes a difference
(Glückler, 2007). Spatial proximity between agents and the emergence of milieus facili-

204 Storper (1997, 44) concluded that the region itself represents “[a] site of important stocks of relational
assets.”

205 This has also been issued by Lagendijk (2001, 81) who argued that “[d]ue to the changes in industrial
organisation, notably the rising importance of networking and learning, the region has come to be seen
as a highly appropriate level for knowledge production.”
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tate both unintended knowledge spillover and intended knowledge exchange (in localized
networks). Moreover, co-location is considered to enable “collective learning” within the
boundaries of the territory (Capello and Faggian, 2005; Johansson, 2005; Capello, 2007).
In this respect, network economies and agglomeration economies may overlap in urban ar-
eas and innovation clusters as soon as informal relationships (social networks) are present.
If the agents are located in a single location and the effects of local interdependencies are
low, then there is no clear-cut distinction between the relationships based upon network
linkages and the formal contracts of an anonymous market transaction. In general, it is
suggested that spillovers in agglomerations and spillovers in networks lead to a more rapid
development in technology, innovative capacity, innovation output and productivity (Jo-
hansson and Quigley, 2003; Capello, 2007, 196). However, network linkages differ from
anonymous market interactions in case of long-distance interactions as will be discussed in
the following section.

2.1.7.4. Long-Distance Linkages and R&D Collaboration Networks

Another relevant type of economic and social relations represents trans-territorial co-
operation agreements, i.e., inter-regional network linkages. Continuous and stable net-
works originate from the complexity of strategic alliances between agents (von Hippel,
2005; Ejermo and Karlsson, 2006; Powell and Giannella, 2010). It is generally assumed
that transaction networks facilitate knowledge exchange between agents. Formal inter-
regional network linkages are considered to function as a substitute for spatial proximity
in the R&D process (proximity externalities in agglomerations) and in the knowledge-
transmission process, respectively (Foray and Steinmueller, 2003; Johansson and Quigley,
2003; Porter et al., 2005). According to Johansson (2005), advantages emerge from both
transaction and innovation externalities if the network linkages show continuity (see section
2.1.6.5) what Capello (2009) calls the “synergy dimension” of agglomeration economies.

Related to the analysis of research networks and patenting activity, Maggioni et al. (2007,
475) recently argued that

“[i]t is almost impossible to disentangle the tacit from the codified elements of knowl-

edge flows running across European regions. It is reasonable however, to assume that,

since tacit knowledge needs face-to-face contacts and these contacts are inversely re-

lated to geographic distance, long-distance relations imply a greater role played by

codified knowledge than the relationships between nearer regions.”

Therefore, a pivotal role is attributed to inter-regional research linkages and the emergence
of trans-territorial networks as they are said to complement the locational advantage in
agglomerations and milieus. This study follows this argument in analyzing European co-
inventorship linkages in a spatial and technological perspective. For clarification purpose,
table 2.9 offers a taxonomy of transaction-link based externalities. These externalities rep-
resent idiosyncratic inter-firm relations, which provide benefits that emerge from outside
the ordinary (anonymous) market, i.e., a quasi-market setting (Johansson, 2005, 120). It
is argued that a research network shares the extra-market properties of a club (Capello,
2009). Opposed to market anonymity, link transactions represent repeated and similar
transactions between identifiable (non-anonymous) and distinct partners and build upon
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Table 2.9. Network linkages and externalities

Externality
type

Type of transaction Principle mechanism

Network Supply-chain externalities and complex
network (transaction) externalities

Agents belonging to a network form a kind
of club, through which they have accessi-
bility to joint assets that facilitate trans-
actions.

Knowledge externalities within networks
via transaction linkages

Knowledge spillovers are possible between
agents that belong to the same network.

Vertical Upstream or input- cost link externality.
Established, repeated transactions.

A persistent (network) link between an in-
put supplier and a customer reduces trans-
action costs; linkages may be distance sen-
sitive (setup costs); positive transaction
externality for the customer.

Downstream or delivery-cost link exter-
nality. Established, repeated transactions.

A persistent (network) link between an in-
put supplier and a customer reduces trans-
action costs; linkages may be distance sen-
sitive (setup costs); positive transaction
externality for the supplier.

Source: illustration based on Johansson (2005, 121); see also Johansson and Quigley (2003) and Capello
(2007, 2009).

prior interactions. Moreover, investments in network linkages (i.e., sunk costs) affect fu-
ture interactions and are thus profitable if linkages are expected to be used permanently
(Johansson and Quigley, 2003; Johansson, 2005; Bahlmann et al., 2009).206 The partners
in inter-regional networks are always selected single economic units (researchers, firms)
and geography represents only one dimension that affects the identification and selection
of potential partners (Capello, 2007, 198-199).

To conclude, an established and stable network can reduce the “effective” distance be-
tween agents located in different regions in reducing transaction costs. In the case of
infeasible co-location, networks have potentialities to act as a substitute for co-location
and co-agglomeration and offer advantages similar to innovative milieus, especially if the
progress in communication technologies is fast and the organizational structures improve
in the course of time. Transaction linkages via networks have positive effects (Johansson,
2005). First, they are defined by reducing coordination and search costs and the set-up
of interactions with identical agents induces sunk costs. Second, they are non-anonymous
and repeatable, which reduces uncertainty. Third, knowledge externalities can occur as a
by-product of network transactions in a proximate distance or long-distance relationship
(innovation externalities).

206 Refer to the transaction cost approach of Williamson (1979).
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2.1.7.5. Localized Networks versus Inter-Regional Network Linkages

As has been argued in the previous sections, the relationship between agglomeration
economies, local interaction, innovative capacity and economic growth represents an es-
tablished and growing field of research. With respect to proximity and networks (sections
2.1.7.3 and 2.1.7.4) it is suggested that agglomerations have potentialities to develop new
knowledge and technologies faster and to show higher productivity growth (Ellison and
Glaeser, 1997; Johansson and Quigley, 2003; TerWal and Boschma, 2009).207 Information
and knowledge diffuse quite quickly among agents who belong to the same social and/or
formal network, i.e., the same transaction network and/or epistemic community, especially
when they co-locate at a proximate distance (proximity externality). However, it has also
been argued by economists and geographers that well-functioning (formal and informal)
networks between agents may be able to substitute for spatial proximity in the context
of research activities and the processes of intended (and unintended) knowledge diffusion
(Johansson and Quigley, 2003; Bergman, 2009; Burger et al., 2009).

However, the presented frameworks and remarks on agglomeration economies in the former
sections solely focus on intra-regional factors. Spatial interaction is implemented as a “black
box” of spillovers, if at all. Regarding this issue, Harris (2008, 22) complained that

“[r]esearch on agglomerations/clusters has focused on the internal characteristics and

mechanisms in those places and diverted attention from the necessary distinct, even

global, linkages that competitive places require.”

Spatial distance is commonly considered a general barrier to interaction and knowledge dif-
fusion, meaning that many frameworks have not taken into account inter-regional linkages
and research collaborations via network pipelines. Increasing attention in recent theoretical
(and empirical) contributions to economic geography (TerWal and Boschma, 2009; Neffke
et al., 2009; Boschma and Frenken, 2010) and geographical economics (Fujita and Thisse,
1996, 2003; Gosens and de Vaal, 2010) is drawn to the question of whether geography is
still the dominant factor for productivity and competitiveness and for regional develop-
ment and economic growth (see section 2.1.7.3). Inter-regional linkages may represent a
substantial factor for regional innovative capacity and growth (see section 2.1.7.4).

Geographers differentiate between the “space of places” and “space of flows” (Castells,
1996; Burger et al., 2009).208 The former concept supports the idea that location and
intra-regional factors matter for knowledge transfer and innovative capacities, whereas the
latter concept centers on the assumption that networks are the pivotal factor. In light
of this discussion, agglomeration economies, inter- and intra-regional networks and long-
distance research collaborations are considered pivotal factors that likewise operate and
affect the geography of innovation. This theoretical consideration has meaningful effects
on research methodologies and agendas with respect to (i) firm-level network analysis, (ii)
intra-cluster and intra-regional studies, (iii) inter-cluster and inter-regional studies and

207 In this respect, the debates also cover the questions whether sectoral specialization or a more di-
versified regional structure is fruitful for knowledge generation, diffusion and growth in employment,
productivity, and research output in general (section 2.1.6). Moreover, researchers are interested in
the question if distance decay effects of knowledge diffusion may have essential influence (sections
2.1.7.1 and 2.1.7.2).

208 See also Boschma and Lambooy (2002) and TerWal and Boschma (2009).
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(iv) research on agglomeration economies (TerWal and Boschma, 2009; Burger et al., 2009;
Maggioni and Uberti, 2009). Besides being a crucial theoretical debate, it is moreover an
empirical discussion to which this thesis will contribute (see chapters 3 and 4).

From a theoretical perspective, Breschi and Lissoni (2001a, 2003) criticized the existing
foundations of knowledge transmission by arguing that it is not geographical proximity
itself (and distance decay) that generates localized knowledge diffusion (i.e., spillovers)
and thus research clustering. They argued that the central driving force is networks of
agents and firms, i.e., the mobility of entrepreneurs and inventors across firms and regions
in specific technology fields, which may tend to be geographically localized (section 2.1.7).
This consequently might cause knowledge externalities to exhibit strong distance decay
effects and knowledge flows and collaborations to have a limited spatial distance because
the underlying knowledge infrastructure, i.e., inventor and research network, is assumed to
be confined to the boundaries of the cluster (or region) (Breschi and Lissoni, 2001b; TerWal
and Boschma, 2009; Breschi and Lissoni, 2009).209 According to this point of view, clusters,
innovative milieus and industrial districts are considered to enclose mostly all relevant parts
of the research network (see section 2.1.7.3). However, such an inward perspective is likely
to ignore a meaningful fraction of linkages which reaches beyond regional borders (Boschma
and Lambooy, 2002; TerWal and Boschma, 2009; Burger et al., 2009).

2.1.7.6. City Networks and Inter-Regional Research Collaborations

Fading out the local boundaries of innovative milieus (and regions, respectively), there is
significant evidence in the literature that inter-regional linkages may represent increasingly
important factors with respect to knowledge generation, transfer and diffusion (Bathelt
et al., 2004; Capello, 2007; TerWal and Boschma, 2009) - at least since the last wave
of globalization has induced additional fragmentation and offshoring of R&D activities
(Dicken, 2000; Belitz et al., 2006; Legler and Krawczyk, 2006).210 Thus, knowledge is
assumed to be intentionally transmitted in research networks, which are structured via
contractual agreements (see section 2.1.7.4). Accordingly, the ICT revolution is said to have
created knowledge infrastructures, such as pipelines that allow for trans-border knowledge
flows, and which facilitate the search, combination and recombination of different types
of knowledge and information beyond the boundaries of a location (Steinmueller, 2000;
Johansson and Quigley, 2003; Bathelt et al., 2004).211

In economic geography, several researchers have discussed a globalization driven “death of
distance” and the transformation of the globe into a “flat world” (Cairncross, 2001; Dicken,
2000; Maggioni and Uberti, 2009).212 On the other extreme, the traditional agglomeration
economies literature, as presented and discussed in the previous sections, clearly leaves
out the possibility of significant knowledge flows between research clusters via persistent

209 For an overview refer to Capello (2007), Burger et al. (2009) and Bergman (2009).
210 For a detailed overview refer to Capello (2007).
211 Additionally, some authors see the benefit from global knowledge pipelines in overcoming trajectories

and potential lock-in (Asheim and Isaksen, 2002; Kilkenny, 2010).
212 In 1995, the Economist raised meaningful doubts that geographic location is still a central factor

for the innovation process in a world full of email, fax machines and the internet (“The Death of
Distance,” The Economist, 30 September, 1995). See also Audretsch (1998).
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inter-regional co-inventor networks. In view of this, many researchers argue that distance
and clustering are persistent phenomena, even in the internet era (Gertler, 2003; Scott and
Storper, 2003; Crafts and Venables, 2003).

An interesting concept, related to the just-described network linkages and research collab-
orations, is the conceptual paradigm of city networks that can be considered an alternative
interpretation of existing transaction linkages within and between metropolitan regions
(Capello, 2007, 78). Cities could be regarded as spatial entities in an urban system of
horizontal and vertical relationships. Urban systems are formed by networks which consist
of specialized but complementary (production) centers and specific input-output relations
which lead to inter-regional transactions. Economies of scale depend on sectoral specializa-
tion and fragmentation of tasks. Horizontal transaction linkages between different places
create synergy networks between cities. Such transaction networks enable economies of
scale as markets are interconnected, i.e., network externalities emerge for network mem-
bers (Capello, 2007, 79). Furthermore, innovation networks between cities, i.e., research
networks (see section 2.1.7.4), are considered to connect regions. Such inter-regional co-
inventor networks emerge from persistent research linkages at the firm level (Balconi et al.,
2004; Maggioni and Uberti, 2009). Economic relations between metropolises/cities based
upon cooperative (research) linkages may enable some kind of economies of scale that do not
depend on the size of the regional economy. However, the efficiency of the linkage depends
on the economic and technological features of the network (and set-up costs) (Johansson,
2005). Persistent inter-regional linkages could generate economies (or externalities) of spe-
cialization (via division of labor), co-operation, synergy and/or innovation (Capello, 2007;
Maggioni and Uberti, 2009). In the context of R&D activities, urban systems connect
knowledge hot spots via network linkages that represent (persistent) knowledge pipelines
(Bathelt et al., 2004; Powell and Grodal, 2005; Bahlmann et al., 2009).

Belitz et al. (2006) discussed the emergence of inter-regional research collaborations un-
der the well-known label “the internationalization of industrial R&D.” They argued that
companies generally intensify their foreign research activities as they need access to the
forefront knowledge that is located in global centers of excellence, i.e., research clusters.
Moreover, Belitz et al. (2006, 59) concluded that

“the more knowledge-intensive technology fields are, the closer are research activities

to the scientific forefront of knowledge.”

Research networks are considered to be increasingly important as they contribute to re-
search output of superior quality (Stephan, 1996; Wilhelmsson, 2009). Accordingly, ten-
dencies of inter-regional and international network formation and research clustering are
said to co-exist.

In light of the debate on R&D internationalization, Malecki (2010) similarly argued that
R&D is no longer confined to firms’ R&D laboratories (see also Powell and Giannella,
2010). Today, research takes place within dispersed networks, both internal and external
to the single firm and region (Bergman, 2008; Burger et al., 2009). Moreover, Malecki
stated that global networks of production and innovation contain widespread connections
among sources of knowledge (Ernst, 2002; Ernst and Kim, 2002), which is in line with
the “new ecology of R&D movement,” “open innovation models” and “collective inven-
tion approaches” (Johansson and Quigley, 2003; Chesbrough, 2003; Powell and Giannella,
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2010). Collective invention enables the access to information (and knowledge) and the
upgrading of technological skills at the same time. Accordingly, the (inward) R&D-based
regional knowledge production function seems to be vanishing and represents an increas-
ingly incorrect approximation of reality (Coombs and Georghiou, 2002; Malecki, 2010).
The internationalization of production induces at the same time an internationalization
of R&D tasks. It is argued that the fragmentation and specialization of R&D activities
has let to a more international generation and exploitation of technological and scientific
knowledge in a co-evolutionary process (Belitz et al., 2006; Frietsch and Schmoch, 2006;
Malecki, 2010).

Bathelt et al. (2004) argued that knowledge, which enters the cluster via global research
pipelines, is likely to spill over to other agents. Accordingly, the actors’ regional research
network is the key in understanding knowledge diffusion. As a consequence, the “global
knowledge pipeline story” is interpreted as an essential progress in the common cluster
literature, as it turns the view of clusters as bounded regions into a (dynamic) network
perspective (Bathelt et al., 2004; Bahlmann et al., 2009; Burger et al., 2009).213 Similarly,
Bresnahan et al. (2001) pointed out the necessity of inter-regional linkages for the rise and
development of clusters (see also Breschi and Malerba, 2001).

TerWal and Boschma (2009) argued that the inflow of a large variety of knowledge through
inter-regional research linkages compensate historical lock-ins and relative specialization
into mature industries. Similarly, Boschma and Iammarino (2007) suggested that inter-
regional research collaborations and inflows of knowledge might particularly enhance and
upgrade regional knowledge bases (see also Asheim and Isaksen, 2002; Bathelt et al., 2004;
Bahlmann et al., 2009).

Different benefits of research collaborations have been discussed in the literature: (i) better
access of firms to information and knowledge (i.e., knowledge bases); (ii) intense linkages
and co-operation between agents leading to the accumulation of skills; (iii) higher response
capacity, stimulating effects and sources of creativity; (iv) reduction of risk and moral
hazard; (v) reduction of search and transaction costs; (vi) trust-based relationships and
formal linkages, social cohesion; and (vii) enhancing the potential visibility of the single
agent (Fraunhofer, 2009).214

Mattsson et al. (2008) grouped the above-mentioned advantages and benefits into four
categories: (i) financial reasons (e.g., access to funding and sharing facilities); (ii) social
factors (e.g., networking and acknowledgements within communities); (iii) a preference
for working in teams and not in isolation; and (iv) improving technical, analytical and
theoretical knowledge and political factors (including framework programs to ease collab-
oration). Powell and Giannella (2010) discussed these benefits under the label “collective
invention.”

An increase in inter-regional research collaboration, i.e., co-inventor linkages, could be
related to an advancing regional integration that is based upon falling transportation costs,
increased mobility of researchers and employees, footloose entrepreneurs, communication
technologies that facilitate codified knowledge transfer and the transformation of tacit

213 Johansson and Quigley (2003) label this development the “agglomeration economies vs. networks
debate.”

214 See also Hotz-Hart (2000), Bergman (2009) and Burger et al. (2009).
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knowledge to more codified forms. Accordingly, the spatial distance of network relations
between agents is considered to have increased over time as the knowledge base of an
industry becomes increasingly codified (Lissoni, 2001; Gertler, 2003; TerWal and Boschma,
2009).215

It is also argued that the different stages in a cluster and/or industry life cycle may be
interrelated with the frequency and intensity of inter- and intra-regional knowledge flows
via co-inventor networks. In this respect, it is suggested that inter-regional co-inventor
linkages are essential for both cases, for regions dominated by mature industries and/or
emerging regions that have to build upon external knowledge. Agents in regions benefit
from inter-regional flows of knowledge and regions experience a significant upgrade of their
specific knowledge base (Bathelt et al., 2004; Singh, 2005; Powell and Giannella, 2010).
Nevertheless, it is argued that there is a meaningful difference between a “weightless” and
“spaceless” economy.216

2.1.7.7. Agglomeration vs. Networks: Critical Remarks

With respect to the above-listed carriers and working channels of knowledge, Audretsch
and Feldman (2004) and Capello (2007, 2009), among others, discussed the lack of a clear
microeconomic conceptualization (foundation) of transfer and diffusion channels in the
majority of knowledge spillover studies. Similarly, Breschi and Lissoni (2001a) reviewed
recent studies and offered a critical discussion of the knowledge spillover approach in general
and the applied econometric approaches. Although knowledge spillovers are said to perform
a pivotal role in the seminal theoretical frameworks, especially in the 1990s’ and 2000s’
workhorse models of endogenous growth (section 2.1.6.6 and 2.1.6.7), there is still a serious
gap in the literature from a theoretical (and empirical) point of view. This is especially a
severe issue in knowledge production function approaches, which introduce spatial lags of
R&D activity or innovation output. However, such approaches do not give any indication
about the knowledge diffusion channels, which turns them into a “black box” (Breschi and
Lissoni, 2001a; Döring and Schnellenbach, 2006).217

Boschma and Frenken (2006) distinguished between different working channels of knowl-
edge spillovers: (i) imitation, (ii) spinoff firms, (iii) social networks, (iv) labor mobility and
(v) R&D collaborations via collaborative networking (see also Burger et al., 2009). In this
respect, several authors consider networks as meaningful sources of knowledge spillovers
and flows (Bergman, 2009; TerWal and Boschma, 2009). However, regarding knowledge-
intensive industries, it seems rather impossible and counterproductive to separate the ag-
glomeration economies debate from network approaches; in particular when agglomeration
economies are assumed to stem from knowledge transmission via intra- (and inter-) regional

215 A high degree of proximity may increase the probability of agents getting connected to others; however,
it is expected that the effects of network linkages on innovative activity are rather ambiguous (TerWal
and Boschma, 2009; Boschma and Frenken, 2009a).

216 Geppert and Stephan (2008, 209) argued that “[t]he internet and knowledge society may increasingly
become weightless, but there is no indication that it is also becoming spaceless.”

217 For further discussions refer to Feldman (2000), Audretsch and Feldman (2004), Capello and Faggian
(2005) and Feldman and Kogler (2010).
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research networks (see chapter 2, section 2.1.7.5). From a conceptual point of view, knowl-
edge sourcing via the market (buying from knowledge suppliers) and knowledge transfer in
inter-regional research co-operations via research networks (transaction link externalities)
represent an alternative to the locational advantage in agglomerations.

A region’s innovative capacities are affected from two sides. On the one hand, collective
learning processes and knowledge transmission, which are mainly based upon local interac-
tion and the transmission of tacit knowledge in local networks, are seen as pivotal factors
of co-location and research clustering. Researchers assume that knowledge externalities
indeed happen due to spatial proximity (proximity externalities), institutional thickness
of the regional system and a significant tacitness of knowledge (Johansson, 2005; Cooke,
2007; Tödtling et al., 2010). On the other hand, inter-regional flows of knowledge originate
from anonymous market transactions and from continuous inter-regional research networks
(network linkages) that connect global knowledge hot spots (Capello, 2007). Moreover, the
existence of trans-territorial networks supports the idea of a technology-field-specific min-
imum degree of openness and “absorptive capacity” of regional systems and clusters.218

First and foremost, elite researchers (and their research locations) take advantage from
inter-regional research linkages, who work at the cutting edge (in epistemic communities)
(Hoekman et al., 2010). Under the assumption that elite researchers and research centers
are much more spatially concentrated, higher shares of inter-regional linkages are expected
to exist and emerge within this group of researchers but not within less advanced ones
(Capello, 2007; Frenken et al., 2007; Hoekman et al., 2010). Elite researchers, who are
mainly located in dense urban areas, may primarily build collaboration linkages with other
leading research centers but not with less advanced ones, which then form an urban sys-
tem of city networks (Capello, 2007, 2009). However, backward research locations may
also profit from inter-regional collaboration networks as they become connected to other
knowledge hot spots and research clusters (Bathelt et al., 2004; von Hippel, 2005; Maggioni
et al., 2007). With respect to the costs associated with such research collaboration linkages,
two major improvements that stem from technological progress are observed: (i) decreasing
transportation costs (and travel times) and (ii) a significant improvement in information
and communication technologies; both developments are assumed to have hampered the
effects of spatial distance on inter-regional and international research collaborations (and
economic integration in general). In addition, stable network linkages are different from
anonymous market transactions as they induce set-up costs.

However, even today, research activities may still face the issue of search and coordination
costs in a geographical context (Hoekman et al., 2010). Agents (and research centers) have
to bridge geographic distances, which makes research collaboration activities sensitive to
physical distance (section 2.1.7.3). As the embeddedness of researchers (and their labo-
ratories and facilities), their mobility, different institutional settings and linguistic areas,
differing labor markets and technological specialization (among factors) generally show

218 Absorptive capacity is a core component of regional systems; however it is assumed to vary between
regions and countries (Cohen and Levinthal, 1990). This idea is also formulated by Camagni (1991b,
8), among others, who stated that “[t]echnological innovation [...] is increasingly a product of social
innovation, a process happening both at the intra-regional level in the form of collective learning
processes, and through inter-regional linkages facilitating the firms access to different, though localised,
innovation capabilities.”
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a local nature, most research collaborations are said to happen at a proximate distance
(Maggioni et al., 2007; Breschi and Lissoni, 2009; Paci and Usai, 2009). From an insti-
tutional economics point of view, it is also argued that regions that belong to different
countries are institutionally different and more reluctant to collaborate in research activi-
ties (Hoekman et al., 2009). These arguments are completely in contrast to the suggested
“death of distance” argument (Castells, 1996; Cairncross, 2001).219 It can be argued that
the intensity of inter-regional collaborations is a function of costs and that collaborations
are negatively affected by spatial distance. To optimize costs, researchers have a strong
incentive to collaborate with other groups of researchers at an institutionally and spatially
proximate distance, i.e., within an epistemic community within a cluster or region. In a
European context, one should expect to find highly localized networks.

Moreover, it can be concluded from the above-described concepts, models and debates
that agglomerations and the co-location of research activity are pivotal when the knowl-
edge transfer follows unintended patterns (technological externalities) or happens inten-
tionally in spatially concentrated networks. However, knowledge transmission is also said
to happen intentionally via inter-regional research linkages irrespective of spatial distance.
Although it is impossible to separate clearly tacit from codified knowledge flows, it is,
however, reasonable to assume that knowledge transfer is inversely related to spatial dis-
tance. Furthermore, long-distance relations imply a greater role played by codified pieces
of knowledge.

In summary, the theories described in the previous sections have highlighted central issues
related to research clustering, agglomeration economies and inter-regional research net-
works. The empirical analysis in this study aims to follow explicitly the aforementioned
arguments and concerns. In the first part, the empirical analysis in this study will shed
light on the regional disparities and spatial concentration of patenting activity in Europe
at the regional level (chapter 3). In the second part, the analysis will also emphasize the
structures and dynamics of inter-regional research collaboration linkages, i.e., European
co-patenting networks at the regional level (chapter 4). On account of this, co-inventor
network analysis, among other approaches, can apply EPO patent applications as rela-
tional data, as will be discussed in the following part of the survey.220 The subsequent
section 2.2 briefly presents empirical results relating to research clustering, regional R&D
spillovers and inter-regional co-patenting networks.

2.2. A Survey of the Empirical Literature

2.2.1. The Co-Evolution of Different Strands of Empirical Research

The empirical literature on the geography of innovation, research clustering and knowledge
transmission can be generally classified into six streams: (i) research concentration and
clustering studies, which focus on regional disparities and the distribution of research
activities; (ii) the knowledge production function approach (KPF), which analyzes the

219 See also Dicken (2000) and Giddens (2000).
220 Alternative data sources for network analysis are, e.g., co-publication data (Hoekman et al., 2009;

Ponds et al., 2010) and European Framework Programme data (Maggioni et al., 2007).
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input-output relationship between R&D and patenting activity in a geographic context;
(iii) studies on localization and urbanization economies and regional development; (iv) the
patent citation or “paper-trail” approach, which explores the “real” knowledge spillovers
and the geographic and/or technological relatedness of forward and/or backward patent
citations; (v) studies on the mobility of individuals and their social networks, especially of
researchers, engineers and other highly skilled individuals in a spatial context; and finally
(vi) studies on inventor networks, research collaborations and co-patenting networks, which
use data on intra- and inter-regional research linkages from co-patenting data.

The major contribution of the mentioned research streams is to approach and work out
empirical issues related to the distribution of research activity, the causes and effects of
research clustering, the functional boundaries of local systems and clusters and the pecu-
liarities of inter- and intra-personal and inter- and intra-regional knowledge transmission. It
can be argued that the strands of empirical research combine an “industrial,” “geographic,”
“technological,” “socio-cultural” and “cognitive” dimension of research clustering, agglom-
eration economies and knowledge transmission.

The following is a detailed empirical literature review of the mentioned strands of research
in the context of European research clustering, R&D spillovers, the localization of patent
citations, local inventor networks and inter-regional network linkages. Although the em-
pirical analyses in this thesis place the emphasis on the regional disparities of patenting
activity and the identification of research clustering across the many European regions
(chapter 3), an additional part of the study will be related to the analysis of inter-regional
co-patenting linkages and thus to relational aspects of research and patenting activity
(chapter 4). Therefore, the following empirical review discusses existing results, method-
ological issues and technical problems of alternative approaches. Finally, the review offers
several arguments in favor of a pan-European clustering study and the identification of
inter-regional co-patenting linkages.

2.2.2. Regional Disparities, Urbanization and Research Clustering

The majority of studies are primarily concerned with the effects of concentration and co-
location but not with the general trends in the global distribution of research activities.
It is generally assumed that the distribution of research activity is highly skewed because
it was always skewed. However, researchers should pay more attention to measuring the
spatial distribution and dynamics of research activity before empirically approaching the
potential effects of specialization and/or concentration. What is more important? Knowing
that skewed distributions may have certain effects or knowing that the distributions are
skewed but that regional disparities/ concentration may show some meaningful dynam-
ics? Accordingly, the analysis of regional disparities of innovative activity and research
clustering seems to be of central importance. Furthermore, the analysis should combine
an “industrial,” “geographic” and “technological” dimension. Regarding this aspect, the
empirical analyses in chapters 3 and 4 are primarily concerned with the distribution of
patenting activity across the 819 European TL3 regions since the 1980s, the identifica-
tion of research clusters and the structural analysis of inter-regional co-patenting linkages.
Thus, the focus is on the distribution of knowledge-intensive tasks and the embeddedness
of regions.
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88 2. Research Clustering, Co-Inventor Networks and Innovative Places

Regarding the theoretical base of concentration and disparity studies, it is necessary to
distinguish four broad families of theoretical models that address the spatial distribution
of research activity, as has been presented in the theoretical part of this study, especially in
section 2.1: (i) the traditional neoclassical approaches predict convergence and dispersion;
(ii) models with external scale effects, spillovers and different forms of externalities predict
persistent disparities, depending on the initial distribution; (iii) models with internal scale
economies and pecuniary externalities predict core-periphery structures or equity, depend-
ing on the initial distributions and the strength of centripetal and centrifugal forces; and
finally (iv) models that include (ii) and (iii) differentiate between severe core-periphery
structures and equity distribution, depending on the initial distributions and the strength
of centripetal and centrifugal forces (Brülhart, 2001; Baldwin and Martin, 2004; Harris,
2008).221

From an empirical perspective, a strong motivation for analyzing the structure and dynam-
ics of the distribution of European inventorship activity from patent data is based upon
the fact that innovation data, and regional data in general, are said to show a strong and
persistent non-normal distribution (i.e., skewness, kurtosis) and spatial autocorrelation
(Fotheringham et al., 2002; Scherngell, 2007; Anselin, 2007).

Several seminal studies already pointed out the non-normal, highly skewed distribution
of gross domestic product (GDP) per capita, gross value added (GVA) and employment
within and across European regions (Combes and Overman, 2004; Frenken and Hoekman,
2006; Paas and Schlitte, 2007, 2008). Moreover, a meaningful number of regional studies
has highlighted stable agglomeration patterns in selected cities and urban regions or single
countries. Kim (1995), for example, found that the correlation of the coefficient of regional
localization for 2-digit industries at the US state level is around 0.64 between 1860 and
1987. Similarly, Dumais et al. (2002) identified stable agglomeration patterns at the 3-digit
level for US-industries. With respect to plant location, Fujita and Ishii (1999) analyzed
the location of R&D activities (mass-production vs. trial plants) and found that diver-
sified trial plants are mainly located in central Japanese metropolitan areas, e.g., Tokyo,
Kyoto. In opposition, plants for mass-production are mainly located in rural areas or in
at least smaller cities, where urbanization externalities (and Jacobs externalities) are less
prevalent.222 Moreover, it has been demonstrated that the distribution of research (patent-
ing) activity was already highly skewed in the past centuries. Pred (1966) examined US
patent data for the mid-nineteenth century and found that innovative activity in cities
was four times greater compared to the national average of patenting activity. Similarly,
Higgs (1971) found that the number of US patents (between 1870 and 1920) was positively
related to the urbanization level (see also Carlino, 2001). At the national level, Degner and
Streb (2010) recently showed that foreign patenting activity in Germany was dominated
by leading (and neighboring) countries, e.g., the United Kingdom and the United States,
and that foreign patenting activity of countries varied with respect to the different waves
of technological progress and diffusion of general purpose technologies.

Related to the recent decades, Puga (1999, 304) exposed that the European regions with the
highest manufacturing employment density (27 NUTS regions) account for approximately

221 The interested reader can take a closer look on the progress in the research lines (ii), (iii) and (iv) in
the detailed literature review in chapter 2.1.

222 Refer to Duranton and Puga (2001) for further interpretation.
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2.2. A Survey of the Empirical Literature 89

50% of all manufacturing employment in the Union and for 45% of its population but
only for 17% of the Union’s areal surface. In comparison, the 14 US states with the
highest manufacturing employment density also account for approximately 50% of the
country’s manufacturing employment, but only for 13% of areal surface and 21% of US
population. Accordingly, employment and production seem to be more concentrated in
the US. Regarding innovative activity, Audretsch and Feldman (1996) analyzed the spatial
concentration of US production and innovation activities at the state-level. Their study
was seminal in showing that innovation is, on average, more concentrated compared to
production. In a European context, Maurseth and Verspagen (2002) argued that several
European regions could be characterized as high-technology clusters, whereas Europe, i.e.,
the ERA, also includes low-technology dominated regions (especially in Southern Europe
and the NMS). Similarly, Audretsch and Fritsch (2002) reported the existence of four
different technological growth regimes for 74 Western German planning regions between
1983 and 1998.223

Several studies have made extensive use of patent statistics in order to analyze the dy-
namics of research and patenting activity in a spatial, sectoral and technological context.
Concerning distributional particularities of innovative activity across European regions in
the 1990s, especially in the ERA, in particular Caniëls (1996, 1997, 2000) and Breschi
(2000) represent seminal contributions. The authors emphasized the highly skewed distri-
bution of patenting activity, although at a very aggregated regional level (NUTS1/2). Paci
and Usai (2000b) similarly contributed to the agglomeration of innovation and production
debate, although they focused on a smaller set of countries and larger spatial aggregates.224

Asheim and Gertler (2005) concluded that knowledge, and innovative activity in general,
are geographically clustered, and that the tendencies towards geographic concentration
have become more distinct over time. Florida (2005) also argued that the world, and the
geography of knowledge, is “spiky,” which reinforces the stylized fact that knowledge bases
and research activity seem to be remarkably concentrated in space. Moreno et al. (2005a)
found that specialized European innovation clusters, i.e., European NUTS1/2 regions, ex-
ist and that specialization is still increasing. Their empirical result is in direct opposition
to common findings of studies on production clusters, which normally argue that produc-
tion is continuously undergoing geographic dispersion.225 Similarly, Paci and Usai (2009)
used a population of 175 NUTS regions and demonstrated that EPO patent citations show
strong core-periphery structures, with a deep gap between core-regions in central-northern
Europe and the European periphery. These findings will be challenged by the empirical
analysis of the geographic distribution of EPO patenting activity in chapter 3. Related to
this debate, Castellacci and Archibugi (2008) argued that the explanation of the variance
in the distribution of knowledge among 131 nation states can be reduced to two major
factors: (i) differences in technological infrastructures and human skills, i.e., absorptive
capacity, and (ii) differences in the creation and diffusion of codified knowledge.226 The
latter point will be empirically challenged in chapter 4.

223 Audretsch and Keilbach (2004) similarly explored the effects of entrepreneurship capital for German
regions.

224 These studies only explored European patenting at a very aggregated regional (and national) level.
225 In this respect, Usai (2008) argued that one possible interpretation for concentration is that firms’

strategic innovation activities may be to a large extent influenced by spatially localized interactions.
226 See Malecki (2010) for a similar point of view.
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90 2. Research Clustering, Co-Inventor Networks and Innovative Places

However, a severe issue of empirical investigations of core-periphery structures and spatial
dynamics is the question of aggregation from a sectoral and a spatial perspective. Ge-
ographical economics and economic geography always have the problem of defining and
defending the relevant industrial and geographical scale of analysis (Amiti, 1999; Ciccone,
2002; Arbia and Petrarca, 2010). Ideally, real-world industries and regions correspond
to their theoretical counterparts (Brakman et al., 2005). In practice, there is a trade-off
between industrial detail and regional detail. Some researchers choose three-digit manu-
facturing industries, which are available at the national level (NUTS0/TL1). Other re-
searchers instead prefer one-digit industries, which are also available at a more detailed
regional level. The geographical scope of the new economic geography literature is, accord-
ing to Brakman et al. (2005), by and large restricted to regional levels of analysis (NUTS2,
NUTS3, TL2 and TL3 level). Brakman et al. (2005, 7) also suggested that “[...] there
is something to gain from sacrificing even more industrial detail for the sake of regional
detail.” The methodologies and empirical analyses applied throughout this study directly
follow their line of reasoning.227

Unfortunately, the availability of spatially disaggregated European data is disillusioning.
Combes and Overman (2004, 2847), among others, recently complained that

“[a]fter reviewing the literature, and given our first hand knowledge, the only con-

clusion that we are able to reach is that the European data are a mess. It is not clear

where blame for this situation lies. It is clear that part of the problem stems from

the institutional framework within which most EU governmental statistical agencies

work. In particular, the fact that they often have no mandate to facilitate the re-use

of data collected to fulfill their institution roles. Even where they do have a man-

date, data are often expensive and incentives to ensure efficient delivery appear to be

limited. [...] To summarise, the data situation is not good at the national, regional,

or urban levels in the EU, although individual countries may provide excellent data

sources.”228

Accordingly, regional studies have to deal with several statistical issues, e.g., incomplete
data coverage, selection biases, small sample size or inconsistent spatial and sectoral clas-
sification (Combes and Overman, 2004; Brülhart and Traeger, 2005; Scherngell, 2007).
Consequently, most studies which center regional disparities of production, knowledge-
intensive industries or research and patenting activity are either conceptualized at the

227 On account of this, this study explores 43 technology fields based on EPO patent applications by prior-
ity date. Additionally, the study explores structural dynamics of 6 large high-technology fields (laser,
aviation, computers and automated business equipment, micro-organism and genetic engineering,
communication technology and semiconductors). The patent classification system (IPC)-technology
field concordance is applied to an own relational EPO patent database at the very disaggregate spatial
level of OECD Territorial Level 3 (TL3) regions, which explicitly approaches the issue of functional
spatial units.

228 For an identical critique refer to Arbia et al. (2005).
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national level229, or they are mainly organized at the level of large regional aggregates230,
or restricted to single countries231 The trans-regional structures and dynamics of clus-
tering remained unexplored in most studies, especially the distribution and clustering of
knowledge-intensive tasks, i.e. patenting activity. Regarding pan-European and worldwide
patent statistics, the OECD and EUROSTAT generally provide comprehensive statistics,
reports and overviews (OECD, 2007a, 2008, 2009a). Nevertheless, the officially available
reports are determined by a significant lack of disaggregated technology field calculations,
a lack of disaggregated spatial classification systems and heterogenous statistical method-
ologies. Moreover, the reports are in most cases restricted to short periods.

To conclude, to the author’s knowledge, no single pan-European empirical study exists that
analyzes the spatial distribution of research and patenting activity at the regional TL3 level
for all 819 regions of the EU-25, Norway and Switzerland for a comprehensive number
of technology fields or industries for the last three decades. Regarding this deficit, the
empirical analysis of the distribution of patenting activity in Europe in chapter 3 is a first
essential objective of this study and aims to help to sharpen the cognition and to enrich the
understanding of spatial structures, regional disparities and ongoing dynamics of research
and patenting activities in Europe. In this respect, the empirical analysis will be dedicated
to analyzing whether technology fields in Europe show decreasing disparities within the last
three decades. Moreover, a harmonized, multidimensional research clustering index will be
introduced, which represents the base for global cluster statistics and for the identification
of leading innovative places in Europe.

2.2.3. The Regional Knowledge Production Function

2.2.3.1. The Origins of the Knowledge Production Function

As has been demonstrated in the last sections of the chapter, the distribution of inno-
vative activity represents a central issue. Obviously, the analysis of potential effects of
research clustering on innovative capacity and output (patents) represents a second step.
The knowledge production function (KPF) represents a pivotal empirical approach which
combines the “industrial,” “geographic” and “technological” dimension of agglomeration
economies and regional knowledge production. In applying the KPF approach, the main
exercises aimed at measuring the spatial scope of spillovers.

229 See, e.g., Archibugi and Pianta (1992), Amiti (1999), Brülhart (2001), Midelfart-Knarvik et al. (2003),
Midelfart-Knarvik et al. (2004), Aiginger and Pfaffermayr (2004), Greif and Schmiedl (2006), Legler
and Krawczyk (2006). In addition, the majority of contributions at the level of European regions center
GDP and GVA distribution, employment and unemployment dynamics (Frenken and Hoekman, 2006;
Paas and Schlitte, 2007; Brakman and van Marrewijk, 2008). The distribution of US R&D labs is
analyzed by, e.g., Carlino et al. (2010).

230 See, e.g., Combes and Overman (2004), Scherngell (2007), Rodŕıguez-Pose and Fratesi (2007), Brak-
man and van Marrewijk (2008), Brakman et al. (2009), Paci and Usai (2009).

231 See, e.g., Maurel and Sédillot (1999), Keilbach (2000), Greif (2001), Dekle (2002), Litzenberger and
Sternberg (2006), Fingleton et al. (2007), Dewhurst and McCann (2007), Breschi (2008), Fornahl and
Brenner (2009). Exceptions are Frenken and Hoekman (2006) and Paas and Schlitte (2007). Combes
and Overman (2004) give a comprehensive overview regarding shortcomings of existing regional stud-
ies.
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92 2. Research Clustering, Co-Inventor Networks and Innovative Places

The knowledge production function is based on the work of Griliches (1979) and Griliches
and Pakes (1980a), among others.232 A first issue with regard to the KPF is the choice
of the level of aggregation: the plant-level/firm-level, the sector- and industry-level, the
regional level (functional and administrative units). Audretsch (1998), Foray (2004) and
Malecki (2010), among others, described the KPF approach as a “comfortable world” of
standardized models, in which only some agents, institutions and sectors are included in
the production of knowledge. The KPF approach is considered to end up with a “black
box” of knowledge production and diffusion (section 2.1.7).233

Following the original contribution of Griliches (1979), the KPF can be written (and finally
estimated) in logarithmic form as in equation 2.2.1:

Qi = α + β1Ci + β2Li + β3RDi + β4Z + εi (2.2.1)

Firm i’s output (Qi) is linked to the traditional inputs capital (Ci) and labor (Li), but also
to internal R&D activities (RDi), and additionally to spatial spillovers (Z) that exhibit
an effect on firm’s output. Such externalities can originate from spatial, technological
(sectoral/industrial) and/or social proximity. εi finally represents a random disturbance
term and α is a constant term.

In the KPF tradition, the firm level is perhaps one of the most explored levels of research
(Audretsch and Feldman, 2004).234 Early production function approaches have been mostly
dedicated to the individual level (firm- or plant-level) (Griliches, 1979; Griliches and Pakes,
1980b; Griliches et al., 1984). Jaffe (1986) is one of the most cited studies, who has applied
technological distance via patent data to the firm-level and regions. The approach is based
upon the idea that industries foremost apply intra-industry knowledge, meaning that there
is an implementation and absorption of technologically related knowledge.235 Differing
regional levels of aggregation lead to varying point estimates (and differing inference and
causalities). This issue is well related to the modifiable area unit problem (MAUP) due
to aggregation and zoning (Arbia and Petrarca, 2010). The spatial effects of knowledge
spillovers, either intra- or inter-industry, or intra- or inter-regional, can vary largely with the
spatial level.236 It is worth noting that, according to several studies, the KPF model seems
to hold for regions but becomes less compelling at the level of the firm or plant (Bergman
and Usai, 2009; Malecki, 2010). Finally, a notable advantage of the KPF approach is that

232 Refer to Griliches and Pakes (1980b), Griliches et al. (1984), Hall et al. (1986), Griliches (1992b),
Griliches (1990), Audretsch and Feldman (1996), Acs et al. (1997), Audretsch (1998), Feldman (1999),
Keilbach (2000), Porter and Stern (2000), Feldman (2000), OECD (2009a), and Feldman and Kogler
(2010) for further information and an overview.

233 A comprehensive overview is given by Feldman (1999), Scherngell (2007), Bergman and Maier (2009),
OECD (2009a), Foray and Lissoni (2010), Feldman and Kogler (2010).

234 According to Griliches ([1992] 1998, 252), the empirical background is related to innovation external-
ities as “[t]he more difficult to measure and the possibly more interesting and pervasive aspect of R&D
externalities is the impact of the discovered ideas [...] on the productivity of the research endeavour
of others.” See also Jaffe (1986), Feldman (1994a), Audretsch and Feldman (1996) and Acs et al.
(1997).

235 Additional firm-level studies are contributed by Mansfield (1986). For an overview refer to Scherer
(2005).

236 KPF analysis at the disaggregated micro level of plants/firms, establishments, or even lines of business,
however, render the model of the knowledge production function less compelling.
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2.2. A Survey of the Empirical Literature 93

it can be conceptualized at the agent-level, the plant-/firm-level, the city-level, but also
the level of districts, counties, regions or countries.237

2.2.3.2. The Regional Knowledge Production Function

Several authors have modified the original knowledge production function by focusing on
regions, which represents the “spatial dimension” of R&D clustering and agglomeration
economies (Jaffe, 1989; Acs et al., 1997; Acs, 2002).238 It is a standard approach to apply
formal R&D data at the spatial level. Unfortunately, such data largely ignore the complex
processes of technological diffusion and knowledge accumulation, whereby tacit knowledge
(section 2.1.7) is built up. This approach also overlooks, e.g., formal and informal institu-
tions, history (Audretsch and Feldman, 2004; Malecki, 2010).

The basic knowledge production function (equation 2.2.2) is modeled including an innova-
tive output (INVi,t) and a vector of inputs, whereas the most important one is R&D (i.e.,
R&D expenditures or employment, RDi,t). The KPF can, in general, be considered to be
an unrestricted Cobb-Douglas production function (Verspagen, 1993; Usai, 2008).239

The regional knowledge production function has been heavily criticized as it models only
global spatial processes (global mean regression) without the explicit recognition of region-
specific (internal) set-ups. Moreover, the approach is simplifying the microeconomic issues
(foundation) of the knowledge diffusion process, as it can only incorporate puristic re-
gional spillover effects, i.e., global spatial processes. However, the pivotal advantage of
the production function is its application to a large number of spatial units by means of
small costs of modifying the econometric design (Audretsch and Feldman, 2004). Addi-
tionally, opposed to KPF regressions, survey-based research methodologies can hardly be
generalized (Acs, 2002; Usai, 2008; Malecki, 2010).

INVi,t = RDα
i,tei,t (2.2.2)

Innovative output (INVi,t) can be approximated by product introductions, new established
processes or, more general, by patent applications or granted patents of different patent
offices (e.g., EPO, JPO, USPTO, WIPO).240 Issues are caught by the stochastic error term

237 It has been verified only for large macro areas (regions, countries). However, the KPF model becomes
less convincing at the level of the firm due to the weak relationship found between R&D inputs and
innovative output. In this respect, the application of GIS based data and distance models seems
to add complexity and efficiency to econometric research (Audretsch and Feldman, 2004). Note,
however, that one essential issue of spatial (dis-)aggregation is the modifiable area unit problem,
which essentially influences the raise and decline of modeled spatial effects (and inference).

238 It was mainly Jaffe (1986, 1989) who contributed with insights related to university research spillovers
on private firms. See also Keilbach (2000), Usai (2008) and Freund (2008) for an overview.

239 For a detailed discussion and additional information refer to Griliches and Pakes (1980a), Jaffe (1989),
Coe and Helpman (1995), Audretsch and Feldman (1996), Acs et al. (1997), Audretsch and Feldman
(1999), Bottazzi and Peri (2000), Anselin (2000), Varga (2000), Acs et al. (2002), Bottazzi and
Peri (2003), Greunz (2003b), Greunz (2003a), Greunz (2004), Greunz (2005), Moreno et al. (2005c),
Moreno et al. (2005a), LeSage et al. (2007), Scherngell et al. (2007), Crescenzi et al. (2007b), Crescenzi
and Rodŕıguez-Pose (2008), Usai (2008), OECD (2009a), Ponds et al. (2010).

240 The empirical work in this project is highly abundant on EPO patent applications, because it is
broadly accepted in empirical studies that applications seem to be stronger linked to the time of
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94 2. Research Clustering, Co-Inventor Networks and Innovative Places

(ei,t), which controls for unobserved determinants and random shocks.241 The implemen-
tation of additional factors should grant higher efficiency and add some explanatory power
to the production function.

Regional differences in R&D elasticities are interpreted as region-specific effects stemming
from unique innovation infrastructure, which can also reflect private and public sector R&D
characteristics (Freund, 2008; Usai, 2008). Therefore, R&D-activities can be disaggregated
to their sectors of origin; i.e., the business sector (BusinessRDi,t), governmental entities
(GovRDi,t), and the higher-education sector (UnivRDi,t). Equation 2.2.3 represents such
a production function.

INVi,t = BusinessRDα1
i,tGovRDα2

i,tUnivRDα3ei,t (2.2.3)

Regarding spatial interaction and spillovers, several studies have criticized the sole im-
plementation of region-specific inputs. Therefore, the inclusion of external factors seems
logical as external factors and spatial spillovers may represent significant determinants
of regional innovative activity and regional development (Crescenzi et al., 2007b; Usai,
2008).242

Although the knowledge production function approach is determined by some methodolog-
ical issues, there is a wide consensus that the positive relationship between R&D input and
patent output is significant and strong at the regional level, and that spatial interdepen-
dence represents an essential phenomenon with significant impact on patenting activity
(Audretsch and Feldman, 1996; Usai, 2008).243 According to the aforementioned points, it
can be argued that a non-normal distribution of R&D activity should explain the skewed
distribution of patenting activity. Thus, the analysis of the geographic distribution of re-
search and patenting activity seems to be crucial. In the following, selected studies on the
US-American and European case are briefly summarized.

2.2.3.3. Knowledge Flows and R&D Spillovers in Europe and the US

Regional knowledge production is considered to exhibit significant inter-regional spillover
effects. In this regard, studies applying the KPF approach combine the “industrial,” “tech-
nological” and “geographic” dimension of knowledge production (see sections 2.1.6.5 and
2.2.1). In the following, selected studies at the regional level are reported with special focus
on distance decay effects of R&D spillovers (i.e., spatial dependence).244

invention than granted patents. Moreover, most studies see statistical evidence for a time lag between
two and three years (Greunz, 2005; Frietsch and Schmoch, 2006; Fraunhofer, 2009).

241 The latter variable is extensively challenged in early production function and convergence studies
(e.g., the Solow residual in growth literature).

242 Oerlemans et al. (2001, 347), among others, concluded that “[u]nder the condition of low problem
levels, innovator firms utilise relatively more internal resources to innovate successfully. [...] In the
case of highly complex innovation processes, this inwardness is no longer possible. The number and
nature of innovation problems force innovators to utilise external resources.”

243 For additional conclusions refer to Funke and Niebuhr (2000a), Funke and Niebuhr (2000b), Niebuhr
(2000), Paci and Pigliaru (2001), Greunz (2003a), Greunz (2004) and Freund (2008).

244 For a more detailed overview refer to table B.1 in the appendix. See also Keilbach (2000), Acs (2002),
Usai (2008) and Freund (2008) for an overview.
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Several studies have reported empirical evidence that the structure of knowledge produc-
tion, the inter-regional transfer and diffusion of knowledge and the location of research
activity may differ between Europe and the United States (Crescenzi et al., 2007b; Usai,
2008; Kroll, 2009). In the following, selected knowledge production function studies on the
United States and Europe are presented. An additional summary is reported in the ap-
pendix.245 For the European case, the scarcity (and heterogeneity) of data at the regional
level and several statistical reforms have prevented the formation of a consensus and major
stylized facts. The number of regional studies is still relatively small compared to studies
at the national level.246

In a US study, Acs et al. (1997) analyzed the impact of university and private R&D
activities on regional innovation output with a knowledge production function. The authors
used data from high-technology US-firms. The analysis was executed by applying cross-
sectional data for states and metropolitan statistical areas (MSA) in order to estimate
a knowledge production function with industry and university R&D as covariates. They
found a positive impact of industrial and university R&D on local innovative output. More
precisely, they depicted a positive and significant impact of university R&D on innovative
activity with rather limited spatial range (approximately 50 miles around the university).
However, they could not report a significant positive result for private R&D activities.
They did not find statistical evidence for a significant and positive contribution of private
business R&D to university research.247

Acs et al. (2002) analyzed the US MSA level.248 Similar to Acs et al. (1997), they concluded
that university research has a spillover range of approximately 50 miles around MSAs.
Spillovers from private R&D, however, show tendencies to be contained within regional
borders without inter-regional significant effects (negative but not significant), although
elasticities for intra-regional business R&D are five times higher compared to university
R&D (compared to state level regression). For addressing model misspecifications by means
of spatial dependence, they additionally introduced spatial lags of the intra-regional co-
variates (business R&D, university R&D) by means of concentric rings (threshold distance
of 50 and 75 miles), which may support the assumption of strong distance decay effects be-
yond MSA borders. The ML estimation (auto-regressive model) showed approximately the
same results as the OLS method with distance decay of spatial lags (cross-regressive).249

245 For a summary, refer to table B.1 in the appendix. There exists an innumerable quantity of country-
level studies. For further details see Verspagen (1997), Usai (2008), Freund (2008) and OECD (2009a).
Verspagen (1993), among others, estimated a patent production function in a pooled cross-country
time series data set. The sample consists of the 24 OECD countries and 13 newly industrialized
countries (NIC). The elasticity of R&D activity is well above unity pointing to increasing returns to
R&D intensity. Note, however, that the author only studies the country-level, meaning that inter-
regional variation is not addressed.

246 The subsequent review places emphasis on selected European studies (published between 2000 and
2009). Nevertheless, the review is non-exhaustive.

247 These results support the hypothesis that different incentives may exist within the public and private
sector, which may rather promote new knowledge to circulate in the public and university sector.

248 For similar results and a critical review refer to Keilbach (2000), Acs (2002) and Usai (2008).
249 The overall regression fit of their knowledge production function specification, which includes R&D

indicators is above 0.5 (0.599 ≤ R2 ≤ 0.661). Respectively, the regression fit of their extended
knowledge production function model is above 0.7 (0.718 ≤ R2 ≤ 0.763).
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The authors reported no evidence that private R&D is endogenous to university R&D in
the MSA.250

Varga (2000) contributed with a study at the level of US states and the MSA, showing that
knowledge spillovers do not only exist within metropolitan areas. Varga reported evidence
for significant positive spillovers from neighboring metropolitan areas up to 75 miles which
has been similarly reported by Acs (2002).251 Finally, a spatial range of 50-75 miles showed
robust result for geographical externalities (knowledge spillovers) in the US MSA case.

Bottazzi and Peri (2000) studied European regions. In calculating the number of patents
per square kilometer of all regions (large regional units) under analysis as the dependent
variable (patent density), the authors tested the effect of regions’ R&D expenditures (per
square kilometer) and the overall influence of R&D expenditures within predefined distance
bands (concentric rings), i.e., 0-300, 300-600, 600-900, 900-1,300 and 1,300-2,000 kilometers
away from the regional center. For spatial spillovers resulting from R&D expenditures
(cross-regressive) and patent applications (autoregressive), a significant positive impact on
innovative activities in neighboring regions was reported. However, the spatial covariates
only showed up with a significant positive sign for a distance band up to 300-600 kilometers,
which represents a much larger distance, compared to the 50-75 miles distance bands
reported in US studies.

Bottazzi and Peri (2003) similarly measured the extent of localized knowledge spillovers
for 86 large European NUTS regions. Distance bands were identical to Bottazzi and Peri
(2000). However, the analysis was complemented by controlling for technological distance.
They defined a 30x1 vector (technology proximity indicator) for each region out of 625
IPC fields. Technological proximity was tested by generating the correlation coefficients
of the technology vectors between the 86 regions.252 Their spatial lag of regional R&D
expenditures was significant for a 0-300 kilometer distance band. When disaggregating the
300 kilometer distance band, only R&D expenditures up to 100-200 kilometer showed a
significant positive effect. The used patent data solely represent a 1/100 random extraction
of EPO patent applications (6010 patents in total).

Greunz (2003a) estimated knowledge production functions for 153 European NUTS1/2 re-
gions and reported a significant and positive effect of R&D expenditures, pursued in the
first-, second- and third-order contiguity-based neighboring regions (median distances 91,
176, and 248 miles), on regional patenting activity. The spillover effects were not signif-
icant anymore beyond 250 kilometers. Technological distance was additionally included
into the model by means of 118 IPC fields (technology sections), which turned out to show
a significant impact of technologically lagged R&D controls.253 The efficiency of the model
increased with additional technologically lagged controls. Moreover, she offered the inter-
esting result that national borders matter significantly in European regions in terms of
patenting and that spatial significant R&D spillovers are mostly mediated by the business
sector.

250 In opposition, they argued that there is evidence that university research in an MSA is endogenous
to private sector R&D activity.

251 The model specification is performed in an OLS and IV set-up, which yields an overall regression fit
above 0.599 (0.599 ≤ R2 ≤ 0.781).

252 The overall fit of the spatial model is above 0.70 (0.70 ≤ R2 ≤ 0.91).
253 The overall fit of the spatial model is above 0.9 (0.92 ≤ R2 ≤ 0.93).
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Lim (2004) used the knowledge production function approach to estimate the effect of spe-
cialization, diversity and competition on patents per capita at US-MSA level, which covered
313 observations. The author applied different estimators (OLS, ML, 2SLS, robust OLS).
Specialization (localization) and diversity (urbanization) were both positive and signifi-
cant, whereas only the spatially lagged diversity control was significant and positive.254

However, the model set-up did not include R&D controls.

In a similar set-up, Moreno et al. (2005c) estimated a knowledge production function for
138 NUTS1/2 regions with spatial lags of 0-250, 250-500 and 500-750 kilometers distance.
The authors reported significant positive effects from the first two spatial contiguity-based
R&D expenditure lags.255 The regression was done in an OLS- and ML-environment. The
test statistics for remaining spatial dependence, i.e., LM-ERR and LM-LAG, were not
significant due to several included control variables. In most cases, regional GDP (gross
domestic product per capita) and the manufacturing employment share showed significant
and positive point estimates, although spatial lags of business sector R&D expenditures
seemed to decrease the significance of manufacturing employment.256

Bilbao-Osorio and Rodŕıguez-Pose (2004) estimated a knowledge production function for
103 European NUTS1/2 regions in a cross-sectional set-up. They reported significant
positive effects on patenting activity from regional GDP and business R&D expenditures.257

Opposed to peripheral regions, European regions were not affected by university R&D.
Moreover, the regional stock of patents, the patent growth rate and the size of the high-
tech sector exhibited significant and positive effects on GDP growth for the whole sample
of European regions.

Moreno et al. (2005a) estimated a knowledge production function for European NUTS1/2
regions (similar to Greunz (2003a)). R&D activities of first-, second-, and third-order
neighboring units had a significant and positive effect on the knowledge output of the
spatial unit. Spatially lagged R&D activities showed strong distance decay effects, meaning
that spillovers occur at a proximate distance. R&D expenditures at the first- and second-
order distance contributed with elasticities around 0.22, whereas the effect from third-order
neighbors was quite smaller (0.17). R&D expenditures at the 4th-order contiguity level
were not significant. Moreover, Moreno et al. (2005b) estimated a knowledge production
function for 175 NUTS1/2 regions with contiguity based spatial lagged controls, addressing

254 The model fit is around 0.4 (0.448 ≤ R2 ≤ 0.461).
255 It is worth noting that several contributions to the European case operate at a very aggregated level,

which offers a rather small sample of cross-sectional data; mostly at the NUTS1 level.
256 The overall model regression fit was above 0.9 (0.908 ≤ R2 ≤ 0.918) for both cross-regressive alter-

natives. The fit of the auto-regressive model was above 0.899 (0.899 ≤ R2 ≤ 0.908). Moreno et al.
(2003) similarly estimated a knowledge production function for 138 regions (respectively 123) with
spatial lags of patent applications per capita as dependent variable. Additionally, they estimated a
version with spatial lags of R&D expenditures (contiguity based). The overall model performance was
above 0.9 (0.908 ≤ R2 ≤ 0.915) for the latter version, whereas the former version had an R2 above
0.899 (0.899 ≤ R2 ≤ 0.908). All equations of the basic knowledge production function were estimated
in an OLS framework (spatial cross-regressive model); LM-ERR and LM-LAG were not significant
due to spatially lagged control variables.

257 However, in most cases, GDP and R&D expenditures are highly correlated with patenting potential-
ities/patent applications. In this respect, GDP and R&D expenditures are highly correlated, which
eventually introduces a bias. The overall model fit is similar to the above discussed contributions
(0.74 ≤ R2 ≤ 0.85), although their work does not contain spatially lagged variables.
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98 2. Research Clustering, Co-Inventor Networks and Innovative Places

auto-regressive interdependence.258 The knowledge production functions were estimated in
an OLS- and ML-framework for different sectors/industries. Additionally, the knowledge
production function was complemented with technological distance controls that showed
up with significant coefficients.

Greunz (2005) reported no direct inter-regional effect from governmental R&D expendi-
tures. However, it is worth noting, that the results showed that the business and university
R&D sector were both positively affected by lagged governmental R&D expenditures. Op-
posed to Acs et al. (1997), who have not found evidence for spatial dependence of private
business sector R&D but only for university R&D, the results of Greunz (2005) indicate
that inter-regional knowledge spillovers mainly originate from business sector R&D activ-
ities.

OhUallachain and Leslie (2007) estimated a knowledge production function for 50 US
states. They showed that commercial patenting is highly dependent on R&D expendi-
tures, whereas business R&D is positive and highly significant; university R&D and gov-
ernmental/federal R&D is insignificant or has a significant negative effect on commercial
patenting.259

Crescenzi et al. (2007b) estimated knowledge production functions for US patent growth
for the period 1990-2002.260 Their estimations for the US case covered 266 MSAs (145
MSAs/CMSAs respectively). They demonstrated that knowledge spillovers in the US do
not cross a 80-110 km distance band, which supports the hypothesis of highly localized
spillovers. The authors argued that the United States show significant research cluster-
ing and strong distance decay effects.261 In comparing Europe and the US, Crescenzi
et al. (2007a) reported a much higher population density in European regions compared
to the US, indicating that major European metropolitan areas are located at a proximate
distance. They argued that this could be one reason for a much stronger circulation of
knowledge in Europe, which is reflected by stronger spatial autocorrelation of patenting
activity. In this respect, the authors observed much stronger significant and positive effects
on annual patent growth rates for 96 European NUTS1/2 regions compared to US MSAs.
Spatially lagged R&D expenditures for the European case were significant although the
authors introduced several additional controls (e.g., country dummy variables, agglomera-
tion indicators, industry specialization, social filter). Interestingly, population density was
not significant for Europe but significant and positive for the 266 US MSAs. The Krugman
index, which measures specialization of regional employment, was significant and negative
for European regions.262

Hauser et al. (2008) criticized existing (and recent) regional knowledge production function
regressions by means of model misspecifications. The authors argued that the incorporation
of social filters (e.g., political interest, friendship ties, trust, associational activity and
technology and self improvement), generated by factor analysis, minimizes nuisance spatial

258 The overall model performance is represented in a regression fit above 0.43 (0.43 ≤ R2 ≤ 0.86).
259 The regression fit is above 0.7 (0.725 ≤ R2 ≤ 0.870).
260 Earlier knowledge production function contributions used the stock of patent applications (applica-

tions/grants per year).
261 The regression fit of the models are above 0.12 (0.12 ≤ R2 ≤ 0.32).
262 The regression fit for European regions was around 0.3 (0.21 ≤ R2 ≤ 0.47).
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dependence.263 Their regressions are based upon 51 European NUTS1 regions. EPO
patent applications per million inhabitants (log) were used as the dependent variable.
R&D activity (aggregate of business, government, university, non-government) showed
a significant and positive effect on patenting activity. This effect was six times larger
compared to skilled employment in high technology sectors (HRST).264

Finally, in an OECD context, Usai (2008) estimated a knowledge (patent) production
function by using PCT applications (Patent Corporation Treaty). The regressions covered
30 OECD countries and 61/271 spatial units (271 TL2 OECD regions, 61 North American
regions, 201 European regions). The econometric results showed a significant and positive
effect from intra-regional R&D activity and neighboring regions’ R&D spillovers. Similarly,
the spatially lagged dependent variable in an auto-regressive model was significant and
positive.265 However, the applied spatial lags in the cross-regressive setup seemed to differ
from earlier contributions as the first-order contiguity lag of R&D expenditures was not
significant after implementing the second-order contiguity-based lagged R&D covariate.
Moreover, population density was not significant. It can be concluded that the latter
two results are endogenous to the aggregation level as the OECD TL2 classification solely
consists of large (macro) areas. This issue also applies to all of the aforementioned studies
that were conceptualized at the aggregated NUTS1/2 level.266

To conclude, almost all reviewed KPF studies have demonstrated that intra-regional R&D
activity and patenting activity are strongly correlated, that R&D activity exhibits a sig-
nificant and positive effect on regional patent output, i.e. patent applications or granted
patents, that inter-regional R&D spillovers are significant and positive but undergo strong
distance decay effects, and that the distribution of research and patenting activity, although
measured in most studies at a very aggregated spatial level, is (highly) skewed. Neverthe-
less, the origins (and micro-foundations) of regional spillovers remained a “black box” in
the presented studies and the interpretation of such spillovers as knowledge externalities
is certainly misleading (Breschi and Lissoni, 2001a; Breschi et al., 2005).267 Furthermore,
regarding the quantity of existing KPF studies (at the NUTS1/2 level) and the remaining
poor data availability, the estimations of regional KPFs seem to have hit fairly decreasing
returns. Unfortunately, harmonized R&D statistics below the NUTS2 level do not exist,
which represents another meaningful reason to approach the presented research questions
with an alternative methodology.

263 Hauser et al. (2008, 869) concluded that “[t]he spatial concentration of social capital is as important
as the concentration of R&D and human capital in explaining observed autocorrelation of innovation.”

264 The overall regression fit of their setup was above 0.8 (0.87 ≤ R2 ≤ 0.90).
265 The overall model efficiency of the European cross-regressive knowledge production function (spatial

lag of R&D) is R2 = 0.908, compared to R2 = 0.683 for North America (United States) and R2 = 0.897
for the whole OECD sample.

266 In opposition, the empirical analyses in this thesis focus on TL3 regions.
267 For additional national studies refer to, e.g., van der Panne (2004), Autant-Bernard and Massard

(2007), Fritsch and Slavtchev (2007b), Richter and Freund (2008), Freund (2008), Arancegui et al.
(2008), Andersson and Gr̊asjö (2009) and Patuelli et al. (2010). See also table B.1, appendix, for an
overview.
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2.2.4. Localization, Urbanization and Regional Development

As has been demonstrated in the last section, regional knowledge production is associ-
ated with strong regional spillovers at a proximate distance. Another prevalent debate in
geographical economics and economic geography, i.e., the “industry dimension”, centers
the effects of regional industrial structures on regional employment growth, productivity,
innovative capacities and innovation output. With respect to the latter, the debate is also
known as MAR-Jacobs externality debate as theoretically discussed in section 2.1.6.268 It
can be argued that this debate primarily centers the “industrial” dimension (see also table
B.1, appendix, for an overview).

Glaeser et al. (1992), among others, concluded, after having analyzed the top five indus-
tries and employment structures in US cities, that a higher diversity is associated with
higher growth rates. Industry specialization, on the other hand, reduces urban employ-
ment growth.269 In comparison, Henderson et al. (1995) argued that specialization appears
to matter more for mature industries and technology fields. Conversely, urban diversity is
essential for establishing new industries, which links the debate to the life-cycle concept
(of regions, industries and clusters). Moreover, according to the theoretical review of ur-
banization economies and innovation externalities, the generation of new knowledge and
the production of new products and services shows tendencies to be more concentrated in
metropolitan areas which show a diversified industry structure.

Recently, researchers also developed interest in analyzing the effects of spatial technology
and industry structures on research and innovative activity. Duranton and Puga (1999, 8)
concluded that

“[n]ot only is the creation of new plants biased towards larger and more diverse cities,
but so is the location of innovative activities that lead to new products.”

Similarly, Audretsch and Feldman (1999) argued that cities are the places where innovation
occurs, and focused on the effects of Jacobs externalities from local industry structure. In
using data on US product innovations they concluded that more than 90% of innovations
are generated in metropolitan areas but that these spatial units account for approximately
30% of the US population. Furthermore, they found that regional industry specialization
has a negative effect on innovative output, whereas city size and diversity across industries
with a common science base have a significant and positive effect. However, Audretsch
and Feldman (1999) could not find any positive effect from localization (specialization)
on employment growth and innovative activity. Their results give support to the idea
that highly localized industries, profiting from static and dynamic localization economies,
may represent mature industries or clusters that rely on large scale production and intra-
industry knowledge transfer (see also Duranton and Puga, 1999; Feldman, 2000; Audretsch
et al., 2008).

268 The observed studies differ in their econometric methodologies and techniques and the dimension and
specificity of the used database. The heterogeneity of the empirical results is mirrored to a certain
degree in the heterogeneity of empirical approaches.

269 Glaeser et al. (1992) analyzed the growth of industries in 170 US cities (1956-1987) in order to find
empirical evidence for specialization and/or diversity. The authors did not find statistical evidence
for MAR, but positive significant coefficients for diversity on industry growth. It is also reported from
other studies that doubling city size increases productivity by 3-8%.
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Strongly related to the “industrial” dimension of agglomeration economies, the so-called
“specialization-diversity” debate was enriched by contributions that focus on “technological
relatedness” and “related variety” and the effects of industry structures on knowledge
transfer, productivity and employment growth (Neffke et al., 2009; Boschma and Frenken,
2009a).270 Jaffe et al. (1993), for example, found out that knowledge spillovers are not
confined to closely related technologies (or industries); the authors argued that around
40% of patent citations did not come from the same patent class as the originating patent
(refer to section 2.2.5). Accordingly, relatedness can be seen as an essential aspect of
industry dynamics. Frenken et al. (2007) concluded that regions with a higher degree of
variety among related industries will be determined by stronger local knowledge spillovers.
Boschma and Frenken (2009a) also pointed to the importance of technological relatedness,
arguing that new industries can connect to existing industries via various channels of
knowledge transfer due to cross-fertilization. Similarly, Boschma and Iammarino (2009)
brought forward the argument that regions may benefit from other regions via inter- and
intra-industry knowledge flows as already theoretically discussed in section 2.1.7.5.

Although there exist many empirical studies on the “specialization-diversity” debate in an
industry and city context, empirical evidence on the effects of the local industry structure
(mostly employment) seems at best inconclusive (de Groot et al., 2009; Beaudry and Schif-
fauerova, 2009). Feldman (2000) conceded that clear-cut answers remain elusive as long as
empirical findings on urbanization and localization tend to vary.271 de Groot et al. (2009)
reviewed regression coefficients from more than 30 empirical studies in a meta-study. Both
types of agglomeration economies, localization and urbanization, showed positive coeffi-
cients as often as they did the opposite.272 After classifying and reviewing different sources
of agglomeration economies Duranton and Puga (1999, 24) similarly concluded that

“[this] does not imply that one type of city is economically more desirable than the
other. [...] Some cities specialise in churning new ideas and new products (which
requires a diversified base [...]), whereas other cities specialise in more standardised
production (which, in turn, is better carried out in a more specialised environment).”

According to their understanding, the different types of local economic environment may
matter at different stages of a product’s (and industry) life-cycle (Duranton and Puga,
1999, 2001).

To conclude, almost all regional knowledge production function studies confirmed the ex-
istence of distance decay effects of knowledge (R&D) spillovers, irrespective of their origin

270 Refer to Boschma and Iammarino (2009) and Neffke et al. (2011) for an overview.
271 Refer to Audretsch and Feldman (1996), Audretsch and Feldman (1999) or van der Panne (2004) for

further discussions.
272 Glaeser (2000, 92) concluded that “[...] for the moment, the role of concentration [i.e., of localization]

and diversity does not seem to have been resolved by the literature. Different time periods and different
samples give different results which suggests that there is no universal truth on this topic.” Similarly,
Breschi and Lissoni (2001a, 5) have argued that “[...] all the best-known studies on localised knowledge
spillovers (LKS) seem to be unanimous in concluding that knowledge spillovers, either intra-industry
or inter-industry, are important and strongly bounded in space.” Beaudry and Schiffauerova (2009,
334) argue that “[the] analysis of the evidence presented in the paper strongly hints at measurement
(level of aggregation of both industrial and geographical classifications) and to some extent at method-
ological (MAR and Jacobs indicators) issues as the main causes for the divergence observed in the
literature and to the fact that the debate regarding MAR or Jacobs externalities remains unresolved.”
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102 2. Research Clustering, Co-Inventor Networks and Innovative Places

(R&D activity, patents).273 Nevertheless, central issues have to be mentioned: (i) the re-
gional classification represents a problem as aggregation from small to large units induces
an averaging process which induces and/or enforces spatial autocorrelation between ob-
servations (Arbia and Petrarca, 2010); (ii) fractionally counted patent data automatically
induce some kind of spatial autocorrelation in empirical analysis if a significant fraction of
patent application originates from research activities with co-assignees/ co-inventors from
neighboring regions; (iii) evidence regarding inter- and intra-industry effects remains incon-
clusive. Accordingly, the issue of regional “diversity vs. specialization” will be challenged
by an alternative methodology (see chapter 3, section 3.5).

2.2.5. Patent Citations, Paper Trails and Real Spillovers

An alternative strand of research, which is very popular in studies on research cluster-
ing, R&D spillovers and knowledge diffusion, is the patent citation approach. It can be
argued that the citation approach is the answer to elementary critiques regarding the exis-
tence, importance and micro-foundations of knowledge spillovers (Krugman, 1992, 2011).
The approach combines the “industrial,” “technological” and “geographic” dimension of
knowledge production.

Adherents try to directly measure the extent of knowledge flows by using patent citation
data. The analysis is characterized by the attempt to reconstruct paths of knowledge
diffusion, i.e., paths of citations included in patent documents and their specific location
and distance (Verspagen and Schoenmakers, 2000; Fischer et al., 2005; Scherngell, 2007).274

The citation approach allows ex post statements about the spatial range of knowledge
spillovers and flows. In applying this approach, the research methodology represents an
attempt to follow a “paper trail” that is left by citations (Feldman, 2000). Jaffe et al.
(1993, 578) challenged Krugman’s famous neglect regarding knowledge diffusion and argued
that

“[knowledge spillovers] do sometimes leave a paper trail, in the form of citations in

patents.”

An advantage of the citation analysis is that citation data can be applied in detail on
specific technologies (IPC sections) and agents, which enables sector- and/or technology-
specific conclusions. However, citations in patent documents are in most cases added
by professional patent examiners at the patent offices (EPO, WIPO or USPTO) but not
exclusively by the inventor and/or applicant (Alcacer and Gittelman, 2004; Scherngell,
2007; Criscuolo and Verspagen, 2008). Accordingly, included citations may not reflect
the stock of knowledge of the person at that time when the patent was applied for; it
may, in the other extreme, rather represent the detailed stock of knowledge of the patent
examiner. Criscuolo and Verspagen (2008) showed that the share of patents with all
citations included by the inventor has been constantly declining (from 10% in 1985 to
5% in 2000), while the fraction of patents with all citations added by the examiner has
been rather constant. Additionally, they showed that the shares of all citations added by

273 For a final overview refer to table B.1 in the appendix.
274 See also Jaffe et al. (1993), Maurseth and Verspagen (1999), Keilbach (2000) and Maurseth and

Verspagen (2002).
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EPO examiners instead of inventors differ tremendously. In organic chemistry, e.g., almost
15% (65%) of all citations are added by the inventor (examiner), while in information
technology only 2% of all citations are added by the inventor (93% by examiner). Their
results also support the importance of spatial distance for EPO patent citations (Criscuolo
and Verspagen, 2008).

The patent citation approach does neither capture knowledge flows via co-inventorship
activity, i.e., co-patenting linkages, nor knowledge transmission via researcher mobility
in networks, labor migration (brain drain, brain gain), knowledge flows between firms and
between customers and firms (Scherngell, 2007; Fischer et al., 2009; Paci and Usai, 2009).

The perhaps most prominent contribution in patent citation analysis is Jaffe et al. (1993)
(and Jaffe and Trajtenberg (2002)), who used a “case-control-matching approach” in order
to verify patent citations as a potential transfer channel of knowledge spillovers. The
authors compared the location of cited patents with the location of citing patents by using
the official inventor location.275 As Jaffe et al. (1993, 579) have argued:

“[W]hy should innovations tend to cluster spatially more in some industries than in

other industries [...]? The most difficult problem confronted by the effort to test for

spillover localization is the difficulty of separating spillovers from correlations that

may be due to a preexisting pattern of geographic concentration of technology related

activities. That is, if a large fraction of citations to Stanford patents comes from the

Silicon Valley, we would like to attribute this to localization of spillovers. A slightly

different interpretation is that a lot of Stanford patents relate to semiconductors, and

a disproportionate fraction of the people interested in semiconductors happen to be

in the Silicon Valley, suggesting that we would observe localization of citations even if

proximity offers no advantage in receiving spillovers. Of course, the ability to receive

spillovers is probably one reason for this pre-existing concentration of activity.”

In their study, Jaffe et al. (1993) calculated two probabilities: (i) a patent cites another
patent registered by a nearby agent (e.g., university, firm), with both patents referring to
the same technology and having originated from a similar point in time; (ii) two patents
are similarly geographically linked, without existence of formal links through such patent
citations. The overall result of their analysis was that intra-national and intra-regional
citations happen more often than one would expect from the distribution of patenting
activity. Additionally, they observed that citations happen more frequently when the
citing and cited patent belong to the same spatial unit (see also Keilbach, 2000; Scherngell,
2007). They found that knowledge spillovers are not confined to closely related industries
or technologies. In this respect, they suggested that around 40% of patent citations do
not come from the same patent class as the originating patent (Jaffe et al., 1993; Keilbach,
2000). This result can be interpreted as an indication in the direction of Jacobs externalities
and recent contributions to related variety and technological relatedness (section 2.1.6.3)
(Boschma and Frenken, 2009b; Neffke et al., 2009). Other studies, e.g., Malerba et al.
(2003, 3) came to the conclusion that

“[patent citations] can be regarded as a noisy signal for spillovers.”

275 See Fischer et al. (2005) and Scherngell (2007) for an overview.
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Similarly, Alcacer and Gittelman (2004, 14) discussed the citation approach and concluded
that

“[o]verall, our results do not change the presumption that patents trace out knowledge

flows: inventors face strong legal pressures to reveal all they know, and our results

do show that inventor citations follow a pattern we would associate with inventor

knowledge. [...] the bimodal pattern does not contradict that knowledge spillovers

are localized.”

Another study is the one of Maurseth and Verspagen (2002). They analyzed the impact
of language and national borders on the knowledge diffusion across 112 spatial units in
14 countries. They concluded that there exists a negative correlation between flows of
knowledge and spatial distance. They showed that knowledge diffuses more easily across
countries when they have the same language.

Thompson and Fox-Kean (2005), in opposition, who built on the work of Jaffe et al.
(1993), suggested that the localization of spillovers measured by patent citations was gen-
erally overestimated. Additionally, the authors critically discussed earlier studies. Similar
criticism has been presented by Agrawal et al. (2003), who argued that a careful extraction
of control patents (control samples) is a necessity for patent citation analysis as citations
will automatically be co-located even in the case of absence of knowledge spillovers as soon
as technology fields are geographically clustered (see chapter 3, section 3). It has also been
questioned whether the results of citation analysis pertain to a perhaps too high aggrega-
tion level. Otherwise, it may be possible that earlier patent co-operations explain most of
these spillovers (Thompson and Fox-Kean, 2005).

In a recent study, Scherngell (2007) analyzed patent citations of high-technology EPO
patent applications between large European regions (NUTS1). He showed that geographic
distance had the smallest negative effect in the electronic industry, whereas the pharma-
ceutical industry and aviation industry showed strong decay effects. Moreover, language
and national borders had the expected negative impact on patent citations. Summarized,
Scherngell showed that high-tech patent citations suffer tremendously from spatial distance
and that the citation structure shows strong concentration and core-periphery structures.
Additionally, he observed inter-regional patent citation linkages between leading European
core regions. Peripheral regions, in opposition, are generally characterized by small num-
bers of received and made citations in almost all analyzed technology fields (see also Fischer
et al., 2009). Although Scherngell did not explicitly examine the regional typology of the
regions under observation, urban regions tend to receive the largest fraction of European
patent citations in the sample (e.g., Ile-de-France, Oberbayern, Stuttgart, Noord-Brabant,
Darmstadt, Düsseldorf, Lombardia, Köln, Stockholm, Rhone-Alpes). This result is in line
with the findings on research clustering and patent densities as will be presented and dis-
cussed in chapter 3 (section 3.5). Moreover, his results on citation linkages are similar to
the results on co-patenting linkages between regions in this study (see chapter 4).

In a similar set-up, Paci and Usai (2009) offered an EPO patent citation analysis for a
group of 175 NUTS0, 1 and 2 regions for 17 countries. Although the authors made use
of an IPC-technology field concordance table for descriptives, they did not offer additional
(relational network) results with respect to different technology fields. They concluded from
their analysis that (i) citation links decrease with spatial distance, (ii) citation flows are
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higher between contiguous regions (that are sharing a common border), and (iii) citations
happen more frequently between regions that have a similar technology base. Interestingly,
the authors additionally argued that spatial distance has generally lost influence on patent
citation intensity, which means that patent citations became less sensitive with respect to
physical distance of researchers.276 Paci and Usai (2009, 675) argued that

“[t]his picture seems to indicate an increase in the spatial scope of knowledge diffusion

which goes in the direction proposed in the literature under the label of “death of

distance” [Cairncross, 1997].”

A similar development for scientific European co-publications was reported by Hoekman
et al. (2010) from their gravity model estimation at the NUTS1/2 level (see section 2.2.7).
Their study, although different with respect to methodology and aggregation level, points
into the same direction as the results reported in this thesis, i.e., the inter-regional co-
patenting network analysis (see chapter 4, sections 4.3.4 and 4.3.5).

Sonn and Storper (2008) argued that the localization of patent citations (i.e., the proportion
of local citations) has increased within the last two decades, which can be interpreted as a
significant increase in localization and concentration of knowledge spillovers. Their findings
are in line with those of Paci and Usai (2009), although the latter argued that national
borders became less important in the course of time.

Finally, Bergman and Usai (2009) reported that knowledge flows within the EU, measured
via patent citations, are strongly localized in European core member states and that these
flows emerge from a small number of strongly agglomerated places.277

The following conclusions can be drawn from the reviewed studies. Patents and their cited-
citing ratio are highly concentrated in space. Spatial distance is said to hamper research
collaboration intensity but negative effects from national borders seem to have vanished.
For more details, the interested reader is referred to the above mentioned literature for
further information.278 However, although based upon relational data, the studies of Sch-
erngell (2007) and Paci and Usai (2009) are problematic by technical reason. Most citation
studies applied the standard NUTS classification, which may lead to a severe bias in net-
work data (data on citation, co-patenting, co-publishing, among others). This is a crucial
concern as the underlying spatial classification system shows a bias in the absolute number
and size of regions included in the analysis, e.g., Denmark as a single region vs. 40 German
regions (Paci and Usai, 2009).279 For this reason, another spatial classification system is ap-
plied in the own empirical analyses in chapters 3, 4 and 5. Thus, potential risks that might
originate from a problematic spatial classification system are prevented. Furthermore, the

276 Paci and Usai (2009) also make use of an IPC-technology field concordance table; they apply the “Yale-
concordance” and the one proposed by Schmoch et al. (2003). Due to the fact that the results have
not changed, their basic scenario is based on the Yale-technology concordance. This is interpreted as
another sign that the Schmoch et al. concordance is generally considered an established concordance
table.

277 For similar conclusions see Fischer et al. (2005), Scherngell (2007) and Fischer et al. (2009).
278 Additionally, Feldman (1999), Audretsch and Feldman (1999), Feldman (2000), Breschi and Lissoni

(2003), and Döring and Schnellenbach (2006) contributed with seminal overviews and discussions of
the related literature.

279 Other studies in this respect are Scherngell (2007), Hoekman et al. (2009), Maggioni and Uberti
(2009), Hoekman et al. (2010).
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citation approach is problematic, because it is not sure that knowledge spillovers, by means
of documented patent citations, have really been realized. Almost 90% of all citations are
traced by patent examiners, which raises severe doubts regarding the citation approach
(Criscuolo and Verspagen, 2008). Moreover, the citation approach completely ignores the
major fraction of knowledge that is frequently transmitted via the market process and
within intra- and inter-regional network linkages, i.e., co-inventor networks (Ejermo and
Karlsson, 2004; Maggioni and Uberti, 2009; Hoekman et al., 2010). Accordingly, patent ci-
tations cannot be interpreted as a valid measure of (direct) interaction between individuals
or regions.

Due to the presented methodological drawbacks and the ongoing dispute with respect
to the patent citation approach, it will not be applied in the following empirical analyses.
Regarding the mentioned deficits, it is also important to acknowledge that a parallel line of
analysis exists, measuring knowledge flows by application of data on co-inventor networks.
The co-inventor approach is reviewed in section 2.2.7. A detailed European co-inventor
network analysis is favored, i.e., an EPO co-patenting network analysis at the regional level
(see chapter 4).280

2.2.6. Researcher Mobility, Social Networks and Diaspora

Regarding the micro-foundation of knowledge transmission, another interesting working
channel represents the interaction between persons in social networks that allows the non-
codified transmission of “tacit knowledge” (see chapter 2, section 2.1.7.2). This approach
is intertwined with studies on knowledge diffusion via labor markets, spatially mobile
networks of researchers and diaspora networks (see chapter 2, section 2.1.7.5).281 Moreover,
the approach is partially intertwined with patent citation analysis. Accordingly, the social
network-mobility approach combines the “industrial,” “technological,” “geographic” and
“social” dimension of knowledge production, whereas the main focus is on the latter.282

Researchers are regarded as carriers of highly specialized, implicit knowledge. Related to
this approach, a good starting point are the concerns of Breschi and Lissoni (2001a, 976),
who argued that

“[t]he role of geographical distance in the economics of knowledge transmission [...]

is still rather controversial.”

Therefore, it is of great necessity to analyze the spatial context and channels of knowledge
transmission in more detail.

Almeida and Kogut (1999) and Zucker et al. (1998), among others, assumed that the spa-
tial concentration of knowledge flows is related to the features of labor markets for highly
skilled workers. There exist several studies that have examined how labor mobility of

280 A detailed European co-patenting network study at the national and regional level follows in chapter
4.

281 A discussion is offered in Burger et al. (2009), Bergman (2009), Ter Wal and Boschma (2009) and
Franz (2010).

282 See also Almeida and Kogut (1999) and Trippl (2009).
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inventors, and researchers and their networks act as a key mechanism for knowledge trans-
mission (diffusion), which gave rise to research on social networks and diaspora (Almeida,
1996; Almeida and Kogut, 1999; Saxenian, 2006, 2007). Although localized knowledge
spillovers rely on local networks and thus on geographical space, the local nature of knowl-
edge transfer is explicitly based on the tacit nature of knowledge due to technology-specific
determinants of inventorship (see section 2.1.7.5) but not primarily due to pure distance
decay effects (see section 2.1.6.7). The network approach is related to the idea that in-
formal knowledge exchange happens within social networks of inventors and their research
collaborations (Gordon and McCann, 2000; Breschi and Lissoni, 2003). Breschi and Lis-
soni (2006) analyzed the structure of Italian inventor networks with special focus on the
mobility of scientists. Breschi and Lissoni (2006, 9) concluded that

“[i]t remains true, however, that many social networks dedicated to the production

of knowledge as a club good are geographically bounded, since spatial proximity may

help the network members to communicate more effectively and patrol each other’s

behaviour.”

With respect to co-patenting activity of researchers, Breschi and Lissoni (2009, 439) re-
cently argued that

“[t]he most fundamental reason why geography matters in constraining the diffusion

of knowledge is that mobile researchers are not likely to relocate in space, so that

their co-invention network is also localized.”

Breschi and Lissoni (2006, 8) furthermore center club good characteristics of such networks
and the features of epistemic communities that determine the knowledge transmission
process within (and between) communities:

“[S]pillovers from an active club member will reach distant fellow members with some

delay or imprecision, and will possibly never reach outsiders. [...] To the extent that

many [social] networks are concentrated in space, co-localisation would appear as a

significant determinant of access to spillovers.”

Moreover, with respect to patent citations, Breschi and Lissoni (2004, 14) argued that the
spatial dimension (see section 2.2.5) is strongly related to the structure and dynamics of
social networks. They concluded that

“[t]he population of inventors is more than a tiny and unchecked sample of all indi-

viduals who can influence inventors themselves. Rather, it may possibly represent

the most immediate and influential social environment from which inventors draw

ideas and information, at least from technical contents of their patents.”

Thus, these processes of localized labor mobility and informal knowledge exchange seem
to be very sensitive to the underlying network structures (Burger et al., 2009; Bergman,
2009).283 When scientists and researchers co-locate, there is a high probability that most
informal contacts between researchers also take place at a proximate distance. It is argued
that face-to-face interactions offer the possibility of complex and intense forms of commu-
nication and interaction (von Hippel, 1994; Lissoni, 2001; Hoekman et al., 2010). Inventor

283 See also Almeida and Kogut (1999), Breschi and Lissoni (2001a), Breschi and Lissoni (2003), Breschi
and Lissoni (2006), Agrawal et al. (2006), Breschi and Lissoni (2009) and TerWal and Boschma (2009).
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networks generally rely on face-to-face contacts, which automatically gives a tacit nature
to it (see section 2.1.7.2). The same argument was picked up by Breschi and Lissoni (2006,
8) who argued that

“[knowledge spillovers] would be localized if and only if a significant proportion of

social networks are also localized in space. [...] If those people move away from

where they originally learnt, researched, and delivered their inventions, knowledge

will diffuse in space. [...] That is, knowledge flows (where pure spillovers or traded

services) are localised to the extent that labour mobility also is.”

Concerning network developments, a first approach toward this hypothesis is to measure
the effects of job-hopping in a spatial context. Therefore, local labor markets may rep-
resent superior levels of analysis opposed to larger administrative areas. In observing
inter-regional labor flows, one may find a powerful explanation for spatial dependence in
R&D and patent application activity; especially for explaining the geographical scope of
research networks by technology class. Accordingly, some fraction of the investment in any
innovation project will create technological externalities that positively affect other inno-
vation projects as soon as researchers change their jobs or scientists exchange knowledge
informally (Almeida and Kogut, 1999; Breschi and Lissoni, 2001a; Greunz, 2003a). Since
labor mobility is considered being a regional phenomenon, knowledge spillovers and flows
based on labor mobility are mostly localized (Balconi et al., 2004; Breschi and Lissoni,
2009).284

In a US-study, Zucker et al. (1998) have analyzed the mobility of “star scientists” and their
spatial range and underlying research networks.285 They focused on the relevance of human
capital for knowledge spillovers in a study of the geographical location of biotechnology
firms. Their main research interest was restricted to the very early stages of innovations
in this sector, where results of scientific research in universities or research institutions are
transformed into commercial products. Their empirical study is based on the assumption
that specialized knowledge is generally embodied in individuals. Zucker et al. showed that
the geographical location of firms is closely related to the location of star researchers in the
field. They also showed that the company, with which the scientist was in contact, used
the new pieces of knowledge. Accordingly, the results of the authors can be interpreted
as evidence that there are no (pure) knowledge spillovers, as the external knowledge of
the researcher is implicit knowledge (i.e., embodied/tacit knowledge) (see also Döring and
Schnellenbach, 2006; Breschi and Lissoni, 2009).

In another US study, Almeida (1996) focused on the relationship between spatial mobility
of engineers in the US semiconductor industry and the localization of patent citations
in this technology field. According to their reported results, there exists a considerable
relationship between researchers’ mobility and the spatial distributional structure of US
patent citations. In a similar work, Almeida and Kogut (1999) have focused on the mobility
patterns of patent holders (engineers) in different localized US industries. The authors

284 See also Almeida and Kogut (1999), Breschi and Lissoni (2001a), Breschi and Lissoni (2003) and
Breschi and Lissoni (2004).

285 So-called “star scientists” are considered to represent the fraction of researchers, who are highly
creative and productive and who discover “breakthrough technologies” (Feldman, 2000).
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reported that the local transfer of knowledge across companies is endogenous to the inter-
firm mobility of patent holders and that labor mobility is high but localized. They argued
that Silicon Valley is one of the few clusters where mobility positively affects the innovative
output of firms. The high mobility of researchers between firms in Silicon Valley is generally
attributed to region-specific social institutions.

Singh (2005) referred to the network and citation approach in a US-study and found strong
empirical evidence that social ties increase the probability of knowledge flows between
individuals (measured by patent citations). In this respect, Singh combined the patent
citation and social network approach. Identically to Breschi and Lissoni (2003), the author
concluded that geography matters because interpersonal networks tend to be localized in
a few places.

Oettl and Agrawal (2008) similarly argued that network linkages between researchers gen-
erally remain, although researchers frequently relocate in space (i.e., job hopping). They
suggested that these linkages are reflected by patent citations by former colleagues. As the
market does not (fully) price these flows, Oettl and Agrawal argued that flows of knowl-
edge via labor mobility represent a kind of externality. Nevertheless, it can be argued that
firms are generally aware of this external source of knowledge. Thus, experts and star
scientists are in particular recruited because of their accumulated implicit knowledge (see
also Bergman and Usai, 2009).

Breschi and Lissoni (2009) suggested that networking activity across agents and locations
is responsible for a large fraction of localized knowledge flows between individuals (and
regions). They concluded that the effect of non-market externalities (i.e., the spatial lag in
knowledge production function models) was generally overestimated in past KPF studies
due to methodological issues.

In a European context, Miguelez et al. (2009) recently used regionalized PCT patent data
(EURO PCT) for studying the mobility of highly-skilled individuals as a possible mech-
anism of inter-regional knowledge transfer. Building on Breschi and Lissoni (2009), the
authors hypothesized that knowledge flows are localized to the extent that inventors’ mo-
bility is also localized, which would explain the existence of local spatial dependence in
explanatory spatial data analysis. Similarly to Miguelez et al. (2009), Miguelez and Moreno
(2010) found strong support for the positive relationship between regional labor market
mobility and regional patent densities for a sub-sample of European macro regions. They
concluded that there exists a positive correlation between intra-regional labor mobility and
regional patent applications.

To summarize, social network-mobility studies have, depending on the analyzed epistemic
community, generally reported a highly localized mobility of researchers, which indicates
that (implicit) knowledge transmission is localized to the extent that networks are local-
ized. Furthermore, migratory movements of researchers seem to affect the “paper trail” of
patent citations (see previous section) due to emerging and disappearing informal network
linkages (i.e., social ties) and diaspora. This aspect has already been brought forward in
the theoretical review (see section 2.1.7.5). Nevertheless, the statistical identification of
researchers’ mobility represents a meaningful issue in studies that intend to cover dozens
of countries, hundreds of regions and many industries. With respect to this problem, a
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promising line of research is dedicated to the analysis of regional co-inventor networks, i.e.,
co-patenting networks, which will be discussed in the following.

2.2.7. Research Collaborations and Co-Patenting Networks

The internationalization of technology and R&D shows large cross-country differences
(Guellec and van Pottelsberghe de la Potterie, 2001; Belitz et al., 2006). Therefore, an
alternative strand of research increasingly examines co-patenting structures in order to
analyze the structures and dynamics of R&D collaboration activities in an international,
regional and firm-level context (Maggioni et al., 2007; TerWal and Boschma, 2009; Boschma
and Frenken, 2010).286

Inventor/ co-patenting network analysis is said to have potentialities to contribute to the
understanding of regional innovation systems and core-periphery patterns in knowledge in-
tensive industries (Maggioni et al., 2007; Burger et al., 2009; Powell and Giannella, 2010).
Besides the structural composition of linkages and networks (Kroll, 2009), recent empirical
research places special emphasis on the changing structure of research networks (TerWal
and Boschma, 2009; Burger et al., 2009).287 This approach combines the “industrial,”
“technological,” “geographic” and “social” dimension of knowledge production, agglomer-
ation economies and networks. In light of the previous theoretical discussion in chapter 2
(see sections 2.1.7.3, 2.1.7.4 and 2.1.7.5), inter-regional research networks are considered
to represent pivotal factors that affect the geography of innovation.

It is also argued that co-patenting studies offer a way to directly measure international
and inter-regional knowledge flows, i.e., an assessment of the globalization of applied R&D
(Frietsch and Schmoch, 2006). Moreover, the analysis avoids several shortcomings and
technical issues of the aforementioned approaches. Accordingly, the analysis of regional
co-patenting networks can be regarded as a fruitful alternative (Johansson and Quigley,
2003; Ejermo and Karlsson, 2004; Iammarino and McCann, 2006).

The co-patenting approach is considered the only methodology that explicitly addresses the
theoretical issues of inter-regional and extra-cluster research linkages in an appropriate way
(see also sections 2.1.7.4 and 2.1.7.5). Moreover, unlike patent citations, co-patents detect
the localization of researchers working on the same inventions. Therefore, co-inventorship
can be regarded as a good approximation of intended technological and scientific collabo-
ration (Maggioni et al., 2007; Maggioni and Uberti, 2009). This has also been argued by
Ejermo and Karlsson (2004, 2), who concluded that

“[k]nowledge transfers should be qualitatively and quantitatively more substantial

than citations as indicators of the overall flows of knowledge within an innovation

system. After all, even if citations do reflect knowledge spillovers, deliberate co-

operation must be of much larger magnitude than casual and random “spillovers.”

Co-authorship structures therefore seem more adequate for assessing the relative

merits to the extent that knowledge travels across space.”

286 Burger et al. (2009) and Bergman (2009) represent comprehensive reviews of patent citation and
network studies. See also Singh (2005), Lam (2007) and Lobo and Strumsky (2008).

287 See also Orsenigo et al. (1997), Iammarino and McCann (2006) and Glückler (2007).
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Co-inventor studies examine the structure and determinants of these collaborative patterns
which are considered meaningful mechanisms of inter-regional R&D knowledge flows and
spillovers (Ejermo and Karlsson, 2004; Bergman and Maier, 2009; TerWal and Boschma,
2009). Several co-inventor studies have been conceptualized at the national level (Ejermo
and Karlsson, 2004; Ponds et al., 2010). However, only a few contributions challenged
the network structures beyond national borders (Kroll, 2009; Maggioni and Uberti, 2009;
Hoekman et al., 2010). Moreover, a detailed analysis of the distribution of these networks
across geographic space is still missing in a pan-European context.

For the purpose of analyzing inter-regional networks of inventors the information on appli-
cants and inventors in patent data is in particular valuable (Maggioni et al., 2007; Paci and
Usai, 2009; TerWal and Boschma, 2009). Accordingly, patent data are used as relational
data.288 Identical to Balconi et al. (2004), Ejermo and Karlsson (2006) and Maggioni
et al. (2007), among others, the co-patenting analysis in this study (see chapter 4) im-
plicitly assumes that researchers, who are listed within the patent application, know each
other (personally) and share explicit and implicit knowledge in order to generate new tech-
nologies. Therefore, co-patenting activity is considered to be a meaningful proxy for the
analysis of innovative collaboration activity between individuals and spatial units.289

Linkages between agents and regions can be ex post analyzed in order to identify co-
patenting activity and co-inventor networks.290 The major reason for taking the address of
the inventor as the central selection criterion for localizing patents is that MNEs generally
assign their patents to companys’ headquarter locations. Accordingly, patents which are
realized in firms’ R&D subsidiaries will in most cases exhibit the address of the headquarter
when using the applicant’s address for analysis, although most of the inventors will be
located as residents in the subsidiaries’ regions (Verspagen and Duysters, 2004; TerWal
and Boschma, 2009). Consequently, co-patenting studies allow researchers to distinguish
between relatively open and integrated places (cities, regions, countries) and places that
follow implicitly or explicitly a more closed (isolated) path of research activity.291

There exist several possible cases of co-patenting activity in a regional context: (i) research
collaboration and co-patenting between local and neighboring units, (ii) co-patenting be-
tween local and foreign units, (iii) co-patenting between several local and foreign units.292

In several technology fields international co-patenting, or at least regional border-crossing
research activity, is driven by multinational corporations that vary considerably in their or-
ganizational structures. As R&D teams of a single company can be located across a number

288 In addition, co-patenting studies are extremely powerful when combined with covariates, which sup-
ports the interpretation of econometric results from co-patenting studies.

289 Refer to Wilhelmsson (2009).
290 This methodology, however, can only be applied in sectors and industries, in which intellectual prop-

erty rights (i.e., patents) are generally used. Furthermore, this methodology is said to be biased to-
wards (successful) inter-firm knowledge exchange and protection via patenting (TerWal and Boschma,
2009). For an analysis of co-patenting data the information on the inventor location can be applied
to identify knowledge flows between agents, cities, regions and countries.

291 Furthermore, the data on R&D linkages can be enriched by data, if available, on foreign R&D labs
in the country, foreign R&D expenditures or the number of foreign-owned inventions. However,
studies also have to consider different sectors and technology fields because patenting intensities and
co-patenting propensities vary considerably.

292 e.g., the agent-level, city-level, regional level, country-level.
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of cities, regions or countries, it can be assumed that multinationals are responsible for a
meaningful fraction of inter-regional R&D collaboration linkages (Belitz et al., 2006; Lam,
2007; Fraunhofer, 2009), although large corporate R&D labs have fallen in prominence
(Powell and Giannella, 2010). To conclude, it can generally be differentiated between two
forms of inter-regional co-operation in R&D: (i) within-organization inter-regional collabo-
ration due to joint research of inventors in different locations but affiliated within a single
multinational company (cross-border knowledge flows without spillovers outside the com-
pany); (ii) between-organization inter-regional collaboration and joint research of inventors
with different organizational and national affiliation who collaborate for an invention. The
latter case is considered to induce knowledge spillovers beyond companies’ borders.

A serious issue, however, is the judgement about the direction of inter-regional knowledge
flows on the basis of co-patenting activity. It seems to be overly simplistic to assume
that foreign research labs merely absorb knowledge from their host countries. It is argued
that such laboratories are engaged in processes that involve knowledge exchange between
domestic and foreign researchers (Fraunhofer, 2009). Moreover, co-patenting information
only allows researchers to identify the residence (work place) of inventors, but not their
nationality or path of migration.293 As a consequence, statistical judgements can only
be made about research collaboration intensities from co-patenting data, especially at the
regional level. In this regard, Bergman and Usai (2009, 10) recently proposed that

“[c]o-patenting is a good indicator of the localisation of inventors that have worked

at the same invention and can be a good proxy for scientific and technological collab-

oration across space. [...] The starting point for a network analysis of the innovation

process is the micro-level of individual agents. [...] by aggregating data at a given ge-

ographical level (i.e NUTS2 or NUTS3), one may build a geography-based innovator

network.”

With respect to the current state of research on co-patenting networks, TerWal and Boschma
(2009, 742, 753) recently suggested that

“[v]irtually no studies on the dynamics of the structure of networks in space exist

[...]. [F]urther research is needed on how the structure of networks evolves over time

and space and, particularly, how the evolution of networks is related to the evolution

of clusters. [...] treating patent data as relational data provides us with considerable

opportunities to study the dynamics of regional innovation networks, which is, till

today, a rather unexplored though promising field of study.”

Taking the aforementioned statements seriously, the empirical analysis in this study (see
chapter 4) follows the methodological arguments and propositions of Bergman and Usai
(2009) and TerWal and Boschma (2009) and places the emphasis on the structure of Eu-
ropean research collaboration activities and co-patenting networks (see chapter 4, section
4.3.5).

In the following, results of selected co-patenting studies are briefly reviewed. The list
of European studies remains however quite small (as the approach is relatively novel in
literature) which again clarifies the need for additional empirical studies.

293 Accordingly, it would be definitely misleading to develop opinions about brain-gain or brain-drain
between regions or countries based upon co-patenting data.
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Research collaboration and knowledge co-production in co-inventor networks have been
studied at the regional and national level. Andersson and Ejermo (2002) and Ejermo
and Karlsson (2004) analyzed co-inventorship activity for Swedish regions based on patent
data. Van Looy et al. (2003) analyzed co-patenting activity of knowledge generating or-
ganizations (e.g., institutes). In this respect, co-patenting between universities and pub-
lic research institutes and industrial companies are becoming an increasingly important
topic.294 Moreover, institutional set-ups and practices vary tremendously (Martin et al.,
2008). The establishment of legal frameworks for university patenting also has an impact
on co-patenting activity (Fraunhofer, 2009). Owen-Smith and Powell (2004) made use of
a “pipeline concept” and discussed the transmission channels used in distant knowledge
intensive interactions between agents. They concluded that physical distance is not the
only important factor, even though knowledge flows (and spillovers) may be more effec-
tive within a regional network than across national borders. The authors showed that
agents in the Boston biotechnology industry accessed knowledge via local interaction and
strategic partnerships at an inter-regional and international distance. They argued that
firms construct network linkages in order to benefit from research excellence abroad (see
also Bathelt et al., 2004; Powell and Giannella, 2010). However, regions need significant
absorptive capacity in order to communicate and absorb forefront knowledge (Owen-Smith
and Powell, 2004; Ejermo and Karlsson, 2006; Freund, 2008).295

In a Dutch study, Ponds et al. (2010) performed a network analysis for Dutch regions based
on scientific publications. They came to the conclusion that physical distance essentially
matters for scientific co-operation.

In a recent US study, Powell and Giannella (2010) analyzed the average spatial co-inventor
distance (miles) by using USPTO patent data. They observed an increasing dispersion of
co-patenting activity between the years 1975 (101-161 miles) and 2005 (215-185 miles) in
the technology fields aerospace, biotechnology, optics, pharma/chemicals and semiconduc-
tors. Similarly, Johnson et al. (2006) reported that the distance between co-inventors has
on average increased from 117 miles (1975) to approximately 200 miles (1999). They ar-
gued that emerging technology fields, e.g., computers, semiconductors and biotechnology,
exhibit much stronger clustering than mature industries (and technology fields). They also
argued that these technology fields have started to spatially spread within the last years.
These findings are very similar to the computations for the European case reported in this
thesis (see chapters 3 and 4).

In a European context, Maggioni et al. (2007) used co-patent data as one indicator in their
analysis of the importance of traditional spatial spillovers vis-à-vis relational spillovers.
They analyzed a sample of 109 European regions at the NUTS2 level within a gravity
equation model. The authors combined data on the participation in the same research
networks (EU Fifth Framework Programme) and EPO co-patent applications. In this
way, they examined the factors that support patenting activity. The authors made the

294 Researchers in the public sector are increasingly managing their intellectual property. However, this
issue is still pronounced differently in European member countries.

295 Related to these results and interpretations, Malecki concluded that “[s]ome places are able to create,
attract, and keep economic activity [...] because people in those places make connections with other
places” (Malecki, 2002, cited in Bathelt et al., 2002, 17). See also Cohen and Levinthal (1990) and
Bathelt et al. (2004).
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distinction between geographical and relational spillovers and structural features. They
empirically tested if relationships, which are based on inter-regional networks between
excellence centers, generally predominate research relationships at a proximate distance
(contiguity). However, it is important to note that Maggioni et al. (2007) only analyzed a
few European countries (France, Germany, Italy, Spain and the United Kingdom) and that
they applied the very aggregated NUTS1/2 classification, which might implement several
issues (e.g., spatial autocorrelation due to aggragation/averaging process).

In a later work, Maggioni and Uberti (2009) focused on international network linkages.
Their analysis completely ignored intra-national linkages. The gravity model regressions
covered data on internet hyperlinks, EPO co-patent applications, European networks of
researchers and data on Erasmus student mobility. The authors concluded that knowledge
linkages seem to concentrate in a few European NUTS2 “super-regions,” which means that
European structures are rather resembling “scale-free networks” but not “small worlds.”
Again, it has to be noted that the sample of regions included in their analysis, although
at the well-known NUTS2 level, is heterogenous. This generally implies distorted network
structures as the number of unique and overall linkages (edges) is endogenous to the regional
classification system.296

Kroll and Mallig (2009) offered a comparison of US and European co-inventor network
structures. Their main objective was to examine differences with respect to the spatial
scope of network linkages. Their analysis is static as it does not offer a dynamic network
comparison. Nevertheless, they clearly demonstrated that US networks are by and large
more localized than European networks, although the applied European spatial classifica-
tion system is rough (NUTS1 level).

Hoekman et al. (2009) discussed results of their European co-inventorship analysis with
special focus on scientific (journal) co-publications (Web of Science) combined with EPO
co-patenting data. They analyzed 1316 European NUTS3 regions and argued that the
majority of co-publications seem to happen at a proximate distance between several central
network nodes. Their study gives additional indication that European research excellence
is by and large dominated by a small number of European NUTS regions. However, the
applied spatial classification system in their study is considered to be highly problematic
as German regions account for 439 of all 1316 EU-27 regions (33.15%), which obviously
implements a central bias into the generation and analysis of relational data.297

Similarly, in a recent study, Hoekman et al. (2010) analyzed the effects of geographical
distance and borders on the intensity of research collaboration at a higher spatial level,
now across 313 European regions in 33 EU countries. Based upon co-publication data
for the years 2000-2007, the authors found that the tendency towards collaborations with
partners at a proximate distance did not decrease, while the bias towards collaboration
within countries did decrease.298 Hoekman et al. concluded that the observed decreasing
effect of national borders may be an indication towards an ongoing integration process
of regions into the ERA. However, innovative collaborations are still sensitive to physical

296 This issue is also challenged in the empirical analysis in this thesis in chapter 4.
297 This issue is picked up as another spatial classification system is used in the empirical analyses of this

study (refer to chapters 3, 4 and 5).
298 Their results are quite similar to the conclusions of Paci and Usai (2009).
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2.2. A Survey of the Empirical Literature 115

distance. Finally, it should be noted that the high level of spatial aggregation in their
study, i.e., NUTS1-2 regions, tends to eliminate variation in regional co-patenting activity
and to enforce spatial autocorrelation.299 In view of this, the NUTS 1/2 level has been
heavily criticized, e.g., in a recent study of Paci and Usai (2009, 672), who argued that

“[t]he NUTS2level, or higher, is commonly used in the regional analyses based on

European data even though the phenomenon under examination [co-patenting] would

deserve some attention at a more disaggregated territorial level.”

To take this critique seriously, research clustering and co-patenting activity will be analyzed
at a more disaggregated level in the following empirical analyses in this study (see chapters
3 and 4).

Having reviewed studies in the co-inventor/co-patenting network tradition, it can finally
be concluded that there exists a relatively small body of contributions to inter-regional
co-patenting and core-periphery structures of research collaboration in a European con-
text. An in-depth analysis of the structural dynamics of technology-specific inter-regional
co-patenting networks is still missing. It is generally argued that Europe is determined
by a meaningful dispersion of patenting activity and a significant dispersion and expan-
sion of co-patenting activity, although the empirical evidence is rather weak. Regarding
this meaningful deficit, the empirical analysis in this study will emphasize the structures
and dynamics of inter-regional co-inventor networks and research collaborations between
European regions in chapter 4. Besides a detailed analysis of foreign co-inventor activity
(number, shares) at the national level (section 4.3.4), the empirical analysis places em-
phasis on inter-regional co-inventor networks at the TL3, TL2 and TL1 levels and on 43
technology fields (section 4.3.5).

299 Studies that make use of detailed co-patenting data are Maggioni et al. (2007), Kroll (2009), Maggioni
and Uberti (2009), Christ (2009), Ponds et al. (2010) and Miguelez and Moreno (2010).

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



3. Innovative Places, Research Clustering and

Co-Agglomeration in Europe

3.1. Analyzing Research Clustering in Europe

A first step towards a better understanding of research clustering is to measure the spa-
tial distribution of researchers and patenting activity and to identify research clusters by
means of a harmonized descriptive approach. Researchers in the regional economics and
economic geography tradition have long since established the necessity to identify, analyze
and explain regional disparities and spatial concentration; in this respect, they considered
the identification and analysis of “core–periphery structures” as the central issue within
the research agenda. However, Martin and Sunley (2003, 24) argued that

“[t]here is no agreed method for identifying and mapping clusters, either in terms of

the key variables that should be measured or the procedures by which the geograph-

ical boundaries of clusters should be determined.”

Harris (1954), among others, proposed the so-called “market potential approach” (see also
Schürmann and Talaat, 2002; Head and Mayer, 2004). This spatial concept aims at cal-
culating an indicator of market potential at the regional level, taking into account the
size of economic markets in the vicinity of the county corrected for the spatial distance to
the market. Similarly, Keeble et al. (1982) constructed a “peripherality index” based on
the European NUTS1 level. Copus (1999) calculated a similar index for 1,105 European
regions at the NUTS3 level, which aims to explore core-periphery structures. Although
industrial organization and production theories have already found their place in geograph-
ical economics, theories on research clustering, inventorship and innovation were missing
a spatial dimension for a long time, as is the case with data-driven, quantitative empir-
ical studies (Audretsch and Feldman, 1996, 1999; Acs et al., 2002). Ratanawaraha and
Polenske (2007), among others, gave a comprehensive overview of studies that center on
regional disparities and the spatial concentration of innovation and disparities of research
activities, which in a European context is a rather small listing. Further to this, Malecki
(2010, 493) has recently pointed to the issue that,

“[a] paper on the geography of knowledge presupposes that knowledge is not uni-

formly but, rather, unevenly distributed across the landscape.”

Unfortunately, empirical studies that include the full population of European regions can
be counted on the fingers of one hand. To conclude, the majority of empirical findings on
European research clustering and inventorship location structures are based upon either (i)
anecdotal evidence, (ii) qualitative (case studies) but not quantitative studies that are hard
to generalize, (iii) a small sample size due to meaningful data constraints, (iv) a-spatial
concepts that fail to incorporate geography, (v) growth regressions and convergence studies

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



118 3. Innovative Places, Research Clustering and Co-Agglomeration in Europe

that ignore country size and regional heterogeneity or (vi) biased samples of regions and/or
countries that are not representative (Arbia, 2001; Brakman and van Marrewijk, 2008).

In the European context, the member states and their commission set the ambitious goal
at the Lisbon 2000 European Council of becoming “the most competitive and dynamic
knowledge-based economy in the world, capable of sustainable economic growth with more
and better jobs and greater social cohesion” (European Commission, 2000).300 However,
there is only weak empirical evidence from a small number of studies with respect to
the distributional dynamics of research activity across European regions (Ciccone, 2002;
Breschi and Lissoni, 2004). A few studies have pointed to core-periphery patterns of
patenting activity and a much stronger clustering of patenting compared to high-tech
manufacturing production (Breschi, 2000; Paci and Usai, 2000b; Caniëls, 2000). However,
most studies have been organized at the national level. Breschi (2008), e.g., analyzed the
structural set-up of Italian firms and their EPO patent applications by industry for the
period 1990-1998.

With regard to the European case, and especially focusing on the regions that form the
European Research Area, several studies highlight that European nation states converge
in terms of GDP per capita, whereas European regions at the level of member states by
and large do the opposite (Frenken and Hoekman, 2006; Paas and Schlitte, 2007)(see also
section 5.3). This stylized fact seems to support the argument that regional-level processes
are much more complex and heterogenous and may be better reflected by evolutionary
economics and economic geography approaches and theories (Arbia, 2001; Paci and Usai,
2009). Although several studies have analyzed the spatial dynamics of GDP per capita
and gross value added (GVA), the spatial structure of inventorship and research activity
in Europe, and especially its structural change within the last 30 years, represents crucial
unanswered research questions and offers room for many hypotheses.

The following analysis uses regional data on patent applications at the European Patent
Office (EPO) and compares the structures and trends of research clustering and patenting
activities across 819 European regions and 27 countries. Furthermore, differently from
previous studies on the European case (see chapter 2, section 2.2), the whole population
of European regions and a comprehensive range of different technology field aggregates
occupy center stage. In comparison with other studies, the following cluster analysis does
not solely explore selected high-technology fields or single industries (see also Scherngell,
2007; LeSage et al., 2007; Paci and Usai, 2009).

With regard to the current empirical state of research, the quantitative analysis in section
3.4 tries to find empirical evidence for the following research questions: (i) Is European
research activity in terms of EPO patenting activity highly concentrated and thus unequally
distributed across the European landscape of regions (and in the European Research Area)?
(ii) Do high-technology fields show an equal distribution between European regions or can
different patterns of spatial concentration and inventorship agglomeration be observed by
technology field? (iii) Is Europe characterized by an increasing or decreasing share of
specialized regions by means of revealed technological advantage measures? (iv) Finally,

300 See European Commission (2011c). The targets were renewed in the communication from the Com-
mission Europe “2020 A strategy for smart, sustainable and inclusive growth”(COM(2010) 2020 final)
from March 2010.
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3.1. Analyzing Research Clustering in Europe 119

can significant dispersion and thus a decreasing skewness of EPO patenting be observed
within the last two decades? The analysis is related to the different theories on core-
periphery structures reviewed in chapter 2, section 2.1, and contributes to the empirical
approach presented in section 2.2.2.

Another serious issue in empirical cluster research concerns the identification of research
clustering and the measure of relative cluster strength (section 3.5) by technology field
aggregate. As is frequently argued, a main challenge in the cluster literature represents the
statistical identification of technology field-specific clustering of research activity, within
and across the group of regions that represents the European research landscape. Moreover,
the computation of a comparable cluster index is essential as the population covers more
than 800 TL3 regions (OECD, 2003, 2006).

As theory and empirical research bring forward different arguments as to why the agglom-
eration of technology and industries is fruitful for economic development, as discussed in
chapter 2 (sections 2.1 and 2.2), section 3.5 foregrounds the empirical analysis of research
clustering at the regional level in the enlarged European Union (i.e., the European Research
Area). Thus, recent debates (specialization-diversity, local-global knowledge transfer) are
considered as a chance to analyze technology-specific research clustering in Europe. An es-
tablished literature on specialized/diversified cities and regions and several case studies on
existing innovation clusters already exist. However, a harmonized research clustering study,
covering all the regions of the enlarged European Union and the ERA at the OECD TL3
level, using a composite index based on EPO patent data and analyzing 50 (established)
technology fields, does not exist. Therefore, the study gives priority to the development
and application of a comparable measure that covers a large fraction of technology fields
and the full population of European regions. Although case studies provide detailed re-
lational data and region- and cluster-specific information, they are said to suffer from a
serious disadvantage. As has been argued by Griliches (1979, 91),

“[c]ase studies are [...] very data- and time-expensive and are always subject to

attacks as not being representative, since they tend to concentrate on prominent and

successful innovations and fields.”

Identifying and measuring clustering strength is an especially serious issue when the spatial
sample contains a large number of observations: in this study, all 819 TL3 regions of the
EU-25 countries, Switzerland and Norway. Additionally, the modifiable area unit problem
(MAUP), based upon zonation and aggregation, is a frequently arising issue that might
influence the results (see chapter 4, section 4.2.1.2).301

Furthermore, a comparable and generalized descriptive approach is needed. Following
Litzenberger and Sternberg (2006) and Litzenberger (2007), a low hierarchical concept
of clustering - and thus a rather general approach - represents the so-called industrial

301 Ecological bias is documented as two separate effects of MAUP that occur during the analysis of
regional data (Openshaw, 1984; Anselin, 1988a). First, the “scale effect” by MAUP represents vari-
ation in statistical results regarding different levels of aggregation. That being the case, statistical
association between variables essentially depends on the size of regions. In general, correlations be-
tween observations increase with regions’ size. Second, the “zonation effect” describes variation in
correlation statistics caused by the (re-)grouping of data into different regions at the same scale, i.e.,
spatial boundaries (Anselin, 1988a; ESRI, 2010).

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access
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or regional cluster, where economic activities coincide in close proximity, i.e., the agents
are close to each other (Litzenberger and Sternberg, 2006; Litzenberger, 2007). However,
this concept does not contain formal and informal linkages as a necessary condition. The
following analysis is restricted to the very basic definition, as it permits (i) a standard-
ized measure and (ii) a consistent comparison across the entire population of European
regions.

A further advancement of such a cluster definition towards a higher hierarchical level would
be possible through the incorporation of formal and informal relationships and linkages
(Breschi and Lissoni, 2009), the consideration of formal and informal institutions (i.e.,
norms, conventions) (Dobler, 2009), and organized co-operation between agents, which
can improve innovative potentialities and support activities of individuals. Consequently,
the region would be considered a regional innovation network, and, in view of this, the
empirical analysis should use relational data (TerWal and Boschma, 2009; Hoekman et al.,
2009, 2010; Christ, 2009).

In comparison with the aforementioned concepts, the highest hierarchical level of regional
development represents the regional innovation system approach, which places emphasis on
innovation capabilities and absorptive capacity. In this approach, the competitiveness of
a region is dependent on several factors, e.g., institutions, the entrepreneurial population,
the inter- and intra-regional network structure, technology and industry paths and STI
policy, among others.302 However, as Doloreux and Parto (2005, 145) have argued,

“[t]he diversity of the units of analysis employed in studies of regional innovation sys-

tems presents a major problem in developing a unified conceptual framework towards

a construct of “the region” as a theoretical object of study. As a result, this prompts

renewed confusion vis-à-vis not only the application and assessment of innovation

system at the regional level (whatever defined), but also its territorial boundaries.”

The quantitative analysis is this chapter is restricted to a ”top-down” approach as has been
similarly proposed by Litzenberger and Sternberg (2006) and Litzenberger (2007). Con-
sequently, EPO patent applications are the central indicator for the subsequent empirical
analysis.

The aim of the research clustering study is to challenge several research questions related
to the spatial clustering of European research activity: (i) Exploring in which European
regions significant research clustering occurs; therefore, the analysis covers different tech-
nology fields for the periods1990-1994 and 2000-2004; (ii) identifying the numbers and
structures of research clusters in the ERA, by country and technology field, and their dy-
namics in the course of time; (iii) answering the question of whether urban and metropolitan
regions are much more diversified in research clustering than rural regions; i.e., analyzing
the number of strong research clusters for the entire population of 819 European regions.303

The cluster study is related to the different theoretical concepts on core-periphery struc-
tures reviewed in chapter 2, section 2.1, and contributes to the empirical approaches pre-
sented in sections 2.2.2 and 2.2.4.

302 Refer to Cooke et al. (1997), Cooke (2001), Doloreux and Parto (2005) and Cooke (2008).
303 This is what we would expect from the literature review. In order to challenge this research question,

the identified structure of region-specific research clustering will be related to the settlement type.
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The following Box 3.1 summarizes the main characteristics of patent applications, especially
those at the EPO.304

Box 3.1: Patent Applications

Patent offices perform several important tasks and official activities. They administer patent
applications, examine claims and grant a temporary monopoly. However, if a patent pro-
tection is only reached in, e.g., Austria and Italy, the technology can still be used freely by
competitors in the UK, in Portugal, Spain, France, among others. If an international cover-
age is intended by the applicant(s) more than one national patent office has to be approached
(Frietsch and Schmoch, 2006; Fraunhofer, 2009; European Patent Office, 2011e).
For the statistical analysis of patent data, researchers have to be aware of the so-called “home
advantage” or “home bias.” There usually exists a higher probability that a national ap-
plicant files a patent at her (his) national patent office compared to foreign applicants. US
applicants, e.g., have this home advantage at the United States Patent and Trademark Office
(USPTO) whereas Japanese applicants show this home bias at the Japanese Patent Office
(JPO); similarly, German applicants show a strong tendency to file patents at the German
Patent and Trademark Office (DPMA). In opposition, applicants from small countries usually
try to file in larger foreign countries or at international patent offices as they suffer from small
home markets (Frietsch and Schmoch, 2006; Legler and Krawczyk, 2006).
Compared to national patent applications, an application at the EPO shows remarkable ad-
vantages. First of all, the application can be made in any of the three official languages of the
EPO (i.e., English, French, German). There exists only one central examination process and
granting decision, although protection in several countries is intended. Nevertheless, at the
end of the process, national (translated) patent documents are required. In the case of enter-
ing the national phase, translations of the documents are necessary and the annual (national)
fees have to be paid. In view of this, usually not all countries are selected for the realization
of patent protection (Scherngell, 2007; Fraunhofer, 2009).
To conclude, it is difficult to compare patent applications of the same invention at different
patent offices (e.g., USPTO, EPO, JPO, DPMA). There are also several considerable differ-
ences regarding reliability and validity of the collected data (i.e., data on applicant, inventor).
Varying emphasis is placed on the correctness of collecting data. Information has differing
relevance to patent offices. The USPTO, e.g., is an inventor-oriented system; the EPO, in
comparison, is an applicant-oriented system. In the case of the EPO, the collected inventor
(or applicant) information is considered to represent a reliable source of information (1977 -
today) (Scherngell, 2007; Fraunhofer, 2009).

The remainder of this chapter is as follows. Section 3.2 discusses the advantages and
drawbacks of patent statistics, especially related to EPO patent data. Section 3.3 then
describes the underlying database structure and the data extraction process from a re-
gional and technological point of view. Section 3.4 analyzes the global distribution of
research activity, i.e., patenting activity, in the European Research Area (ERA). Section
3.4.1 reports the empirical research methodology of the study and section 3.4.2 highlights
the empirical findings with respect to the distribution/concentration of EPO patenting
activity across the European regions. Afterwards, section 3.5 places special emphasis on

304 A detailed overview of the patent application process is presented in Scherngell (2007) and European
Patent Office (2011c).
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the identification of research clusters and innovative places in Europe for predefined tech-
nology field aggregates. Section 3.5.1 introduces the cluster measurement literature and
the “specialization-diversity debate,” which has already been addressed in section 3.4 and
theoretically discussed in chapter 2. Section 3.5.2 presents the research methodology of
the study. Section 3.5.3 briefly summarizes the used regional typology, spatial classifica-
tion and IPC-TF concordance. Afterwards, section 3.5.4 highlights the empirical results
and gives a detailed overview of research clustering across European regions. Section 3.5.5
places emphasis on the analysis of co-agglomeration and technological relatedness of re-
search clusters in Europe. Finally, section 3.5.6 centers research clustering in urban areas
and capital regions of Europe.

3.2. Patent Data as Indicators in Empirical Analysis

3.2.1. Advantages of Patent Data as Indicators

As is frequently discussed in the literature, the concept of measuring R&D activity (input
approach) is closely related to research and innovation activities in the manufacturing
industry, which leads to a general bias towards the manufacturing sector (Legler et al.,
2006). Measuring R&D distribution across companies, regions and sectors, and the analysis
of the internationalization of R&D is extremely difficult; in particular if the analysis is
aimed at a very detailed technological and regional level at the same time. With regard
to international studies at the level of firms and regions, severe issues and challenges are
obviously existent, i.e., data unavailability and biased samples. Therefore, data on R&D
expenditures can be substituted by output oriented indicators such as patent statistics
and data on scientific publications (Frietsch and Schmoch, 2006; Legler et al., 2006; Belitz
et al., 2006).305 The subsequent Box 3.2 offers a short summary of the European Patent
Convention (EPC) and the European Patent Office (EPO).306

The exploration and detailed analysis of information included in patent documents is con-
sidered to be one of the most established, appropriate, directly available and historically
reliable instruments for exploring innovative activity (Griliches, 1990; Patel and Pavitt,
1997; Malecki, 2010, among others). No other STI-indicator can be traced back over
such a comparatively long time period as patent applications and the information included
in granted patents (Griliches, 1981, 1992; Jaffe, 1989; Jaffe et al., 1993). According to
Griliches (1990, 1661), patent data are an essential source in economic research, as

“[i]n this desert of data, patent statistics loom up as a mirage of wonderful plenitude

and objectivity.”

From a legal perspective, patent applications at the EPO have to satisfy at least three
essential criteria, (i) inventive step, (ii) novelty and (iii) industrial applicability (Griliches,

305 See also Guellec and van Pottelsberghe de la Potterie (2001), Greif (2001), Scherngell (2007), Hoekman
et al. (2010) and Ponds et al. (2010).

306 For further details on EPC contracting states and their date of accession see European Patent Office
(2011a), European Patent Office (2011d) and European Patent Office (2011e). Refer also to DPMA
(2011) for a general overview and comparison of trade marks, patents, designs, topographies and
utility models.
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1990; Maurseth and Verspagen, 2002; Frietsch and Schmoch, 2006). Patents offer, from a
legal perspective, an exclusive right of commercial application of special pieces and recom-
bination of economically useful knowledge to the applicant for securing a quasi monopolistic
revenue; however, the quasi monopolistic position is of a temporary nature.307 It is argued
that the majority of technological inventions will enter national or international markets
as an economically useful product or process. According to this thinking, patents can be
interpreted as an input (or throughput) indicator; they represent potential market activi-
ties of companies (firm level), sectors (industry level) and countries (national level). In this
respect, patents can be seen as a proxy for potential future competitiveness (Frietsch and
Schmoch, 2006; Belitz et al., 2006; Frietsch and Jung, 2009). Especially in high-technology
fields, patent data can be used as an indicator of present and future competitiveness of
companies, sectors, or even nation states (Acs, 2002; Frietsch and Schmoch, 2006; Sch-
erngell, 2007).308 Belitz et al. (2006, 52) argued that patent applications indicate the
output of corporate research with a “demonstrated market potential.” The information in
patent documents can be disaggregated to low spatial levels, e.g., cities, counties, districts,
provinces, regions, and the information on inventorship can be allocated to individual eco-
nomic units (individuals, firms) and larger aggregates. The information is also precise and
accurate by means of an identification of the timing of the invention (priority date, date
of publication, date of granting) (Griliches, 1990; Maurseth and Verspagen, 2002; Belitz
et al., 2006). Griliches justified the application of patent data in the empirical analysis
due to their high correlation with business R&D activities. Thus, Griliches (1990, 1702)
concluded that

“[i]n the absence of detailed R&D data, the much more plentiful patent data can be

used instead as an indicator of both, inventive input and output.[...] Nothing else

even comes close in the quantity of available data, accessibility, and the potential

industrial, organizational, and technological detail.”

Patent applications are strongly correlated with business sector R&D activities. Keller
et al. (2004), among others, have shown that German R&D intensities are highly corre-
lated with DPMA patent densities (R2 = 0.51) with a lag of one year. Moreover, they
calculated a much higher correlation coefficient between the share of R&D intensive in-
dustries and patent densities (R2 = 0.81). In view of this, it can be plausibly assumed
that any patent application (at the EPO) follows substantial investments in research and
development (Frietsch and Schmoch, 2006; Belitz et al., 2006; Fraunhofer, 2009).309 With
respect to analyses of international co-operation in R&D, co-patenting data represent an
extremely superior database, as they allow the analysis of codified (and tacit) knowledge
flows between agents, companies, regions, countries and sectors in the course of time. Fri-
etsch and Schmoch (2006, 101) labeled this “an assessment of the globalisation of applied
research and development.” Further to this, patent data allow a detailed analysis of inter-
regional co-operation (co-patenting) if researchers from different research sites (of one or
more companies) are jointly involved. Quite the contrary, data on R&D expenditures do in

307 For details regarding the European Patent Convention (EPC1973) see European Patent Office (2011d).
For revision see European Patent Office (2011e).

308 See also Patuelli et al. (2010) and Malecki (2010).
309 For additional contributions refer to Grupp (1998), Feldman (2000), Greif (2001) and Scherngell

(2007).
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most cases not allow spatial disaggregation; it is especially not possible to find data for the
entire population of the 819 European regions. Moreover, the analysis of patent applica-
tions and granted patents on the basis of inventors’ location instead of applicants’ location
is superior because international co-operations generally suffer from the fact that not all
participants and team members are necessarily listed as applicants in the patent applica-
tion. In opposition, all inventors have to be named according to strict legal requirements
(Frietsch and Schmoch, 2006).310 This is a crucial aspect with respect to co-patenting
analyses (see chapter 4).

Box 3.2: The European Patent Convention and the EPO

The European Patent Convention (EPC) was signed in the year 1973 and entered into force
in the year 1977. The EPC provides the official and legal framework for the granting process
of European patents, via a single, harmonized procedure within all EPC member countries.
Based upon the EPC, the European Patent Office (EPO) was implemented as a “regional”
office, which examines patent applications on behalf of EPC member countries. The EPC is a
multilateral treaty instituting the European Patent Organization. It provides an independent
legal system according to which European patents are granted. By filing an EPO patent
application by means of a single procedure in one of the official languages (English, French,
German), it is possible for agents to secure patent rights in all countries that have signed the
EPC. Thus, the EPO grants patents, which are valid in all its member states in which the
applicant has validated his rights. Within three months of the granting process of a European
patent application, the agent has to complete and submit various formalities. Validation of
the application requires the full translations of all documents into the respective national
languages and the payment of national fees. Granted EPO patents then have the same
legal rights as granted national patents. However, on the national stage, European patents
are subject to national laws (Scherngell, 2007; Fraunhofer, 2009; European Patent Office,
2011a,d,e).
As of January 2008 there are 34 EPC member countries and extension agreements exist with
five additional countries which offers agents the possibility to extend their rights to those
countries upon request. EPC member countries are: Austria, Albania, Belgium, Bulgaria,
Croatia, Cyprus, the Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece,
Hungary, Iceland, Ireland, Italy, Latvia, Liechtenstein, Lithuania, Luxembourg, the Former
Yugoslav Republic of Macedonia, Malta, Monaco, the Netherlands, Norway, Poland, Portugal,
Romania, San Marino, Serbia, the Slovak Republic, Slovenia, Spain, Sweden, Switzerland,
Turkey and the United Kingdom (Scherngell, 2007; Fraunhofer, 2009; European Patent Office,
2011a,d,e).
More generally, EPO patent applications can originate from (i) direct EPO filings without a
priority claim (i.e., first filing), (ii) extensions of an earlier national patent application (within
12 months of first national filing), or (iii) from international patent applications using the
WIPO-PCT procedure. The first two categories are known as the “Euro-direct” approach,
while the third one is known as the so-called “Euro-PCT” approach. In addition, the Patent
Co-operation Treaty (PCT) allows inventors to file “pre-applications” to offices world-wide at
relatively low costs. The PCT is organized by the World Intellectual Property Organization
(WIPO) (Scherngell, 2007; Fraunhofer, 2009; European Patent Office, 2011e).

310 Therefore, the analysis in the following chapters is restricted to the inventor location.
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3.2. Patent Data as Indicators in Empirical Analysis 125

Finally, patent data can be used to empirically challenge research clustering, knowledge
stocks and technological specialization profiles at the level of researchers, companies, re-
gions, sectors and countries. This transforms patent data to a superior indicator for tech-
nological competence and research excellence (Griliches, 1990; Romer, 1990b; Porter and
Stern, 2000). According to the above presented meaningful advantages and rational ar-
guments, patent data are considered to represent a well-established indicator for research
and development activity (Belitz et al., 2006; Scherngell, 2007; Maggioni et al., 2007).311

3.2.2. Drawbacks and Technical Issues of Patent Data

However, it is worth noting that researchers have to take into account many issues and
drawbacks intrinsic to patent statistics, patent raw data and the specific patenting system
(e.g., the European Patent Office, USPTO, JPO). There is accepted criticism in the liter-
ature that patent data only represent a very imperfect measure of innovative activity; the
measures suffer from several limitations, shortcomings and issues related to patent data
peculiarities (Griliches, 1990, 1992b,a).312

First, patentable inventions represent only a subset of all possible R&D outcomes (Fischer
et al., 2005; Scherngell, 2007). Patents only give an indication of patented and patentable
results from research activity (Griliches, 1990; Feldman, 2000; Belitz et al., 2006). Ac-
cordingly, patent data do not represent the full range of the innovation output, whereas
R&D expenditures (i.e., input indicator) normally include all activities from basic research
onwards. However, R&D data and patent statistics do not cover process innovations,
creative imitation and reverse engineering (Capello, 2007, 196). Furthermore, a crucial
disadvantage is that patent data generally suffer from a time lag between the R&D ac-
tivity, the patent application and the publication in databases. Additionally, from a legal
perspective, various reasons exist for not applying for patent protection besides the reasons
related to the costs. Patenting is in most cases a strategic decision of agents; thus, not all
generated inventions are patented by agents even though the inventions would satisfy the
official requirement for patentability (Fischer et al., 2005). Therefore, patent protection is
indeed not the only way to reap market success from economically useful pieces of knowl-
edge. That being the case, agents and firms may apply protection strategies like secrecy,
rapid product launching or design and product complexity, which can supplement or re-
place patent protection (Griliches, 1992c; Bessen and Hunt, 2007; Hoekman et al., 2009).313

Moreover, many scientific results devoid of immediate applicability and little incremental
technological improvements might not be patentable (Fischer et al., 2005). Concerning
this matter, researchers generally take for granted that the incentives for the decision to
apply for a patent are highly correlated with expectations about market potentialities

311 See also Fischer et al. (2005), Scherngell (2007), Fraunhofer (2009), Patuelli et al. (2010) and Malecki
(2010).

312 Refer also to Griliches (1981), Archibugi and Pianta (1992), Guellec and van Pottelsberghe de la
Potterie (2001), Blind et al. (2006), Scherngell (2007), Hoekman et al. (2009), Patuelli et al. (2010),
Malecki (2010).

313 Refer also to Belitz et al. (2006), Frietsch and Schmoch (2006), Scherngell (2007) and Fraunhofer
(2009).
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126 3. Innovative Places, Research Clustering and Co-Agglomeration in Europe

of new ideas and technological knowledge.314 In addition, the distribution of the patent
value is highly skewed (Guellec and van Pottelsberghe de la Potterie, 2000; Brusoni et al.,
2006; van Zeebroeck, 2007).315 Furthermore, technology fields and sectors exhibit different
patenting propensities (Harhoff et al., 2003; Foray, 2004; Frietsch and Schmoch, 2006).316

Moreover, these propensities are assumed to be dynamic and thus change in the course
of time (Belitz et al., 2006; Frietsch and Schmoch, 2006). Additionally, patent documents
are considered to contain mainly codified knowledge (Malecki, 2010).317 Accordingly, tacit
knowledge diffusion cannot be addressed in a meaningful way. Finally, the construction
of a patent database (i.e., the identification and consolidation of researchers, companies,
regions, countries and technology fields) represents a time-consuming process that requires
complex methods and computing power (Maraut et al., 2008).

Despite the presented drawbacks and disadvantages of patent data, their usage represents,
however, a unique and excellent resource for analyzing innovative performance, research
activity and regional technological potentialities (Griliches, 1990; Maurseth and Verspagen,
2002; Henderson et al., 2005).318 No other STI-indicator has such a closeness to encompass
innovation-related tasks and detailed spatial information (Griliches, 1990; Keller et al.,
2004; OECD, 2008). In this respect, patent data can be used in different research fields,
e.g., studies on economic growth, on the internationalization of R&D, on technological
change and industrial performance, and studies on the dynamics at the level of firms and
regions. In conclusion, Griliches (1990, 1702) has argued that

“[i]n spite of all the difficulties, patents statistics remain a unique resource for the

analysis of the process of technical change. Nothing else comes close in the quan-

tity of available data, accessibility, and the potential industrial, organizational, and

technological detail.”

The approaches and empirical analyses in this study follow this way of reasoning and make
use of data on European patent applications between 1977 and 2007 as a proxy variable for
R&D activity/output as has been proposed in other studies (Maggioni et al., 2007; Paci
and Usai, 2009; Maggioni and Uberti, 2009).

3.3. The Database: Patent Data, Regions and Research
Activity

3.3.1. Overview and General Information

In order to challenge the presented hypotheses and research questions, a purely quantitative
approach is applied that makes use of EPO patent applications at the level of OECD

314 Mansfield (1986), e.g., could show that 66-87% of all patentable inventions indeed were protected by
patents. See also Greif (2001).

315 For an overview refer to Harhoff et al. (2003), Brusoni et al. (2006), Scherngell (2007), TerWal and
Boschma (2009), van Zeebroeck et al. (2009) and Degner and Streb (2010).

316 See also OECD (2007c), OECD (2008), OECD (2009c) and Malecki (2010).
317 Tacit vs. codified knowledge is a distinction of major importance that goes back to Nonaka and

Takeuchi (1995) (see also chapter 2, section 2.1.7.2).
318 See also Mansfield (1986) and Archibugi and Pianta (1992).
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3.3. The Database: Patent Data, Regions and Research Activity 127

TL3 regions (OECD, 2003, 2006). Additional descriptions and information regarding the
constructed spatial patent database are presented in detail in the appendix (see tables B.2,
B.3 and B.4, appendix). The empirical analyses in this chapter are based upon OECD
RegPAT data (January 2009) (Maraut et al., 2008; OECD, 2009e).

The OECD raw data have been implemented into a mySQL database as presented in
the appendix, table B.2. Inventor locations are assigned to European regions (TL3, TL2,
TL1) by identification of the registered inventor address. In this respect, the study follows
the methodological propositions and suggestions of, e.g., Maurseth and Verspagen (2002),
Balconi et al. (2004) and Paci and Usai (2009), meaning that the inventor location is pre-
ferred. Section 3.4 approaches the distribution of research activity, i.e., patent applications
at the EPO, for the period 1977-2004 by explicitly measuring the structural dynamics of
patenting across 819 European regions for 43 technology fields and 6 high-technology fields
(laser, aviation, computer and automated business equipment, micro-organism and genetic
engineering, communication technology and semiconductors).319 Thus, patent applications
are linked to regions according to the OECD TL3 classification at a yearly base between
1977 and 2007 (full coverage).320

The analysis is focusing on the distribution and structural dynamics of European inven-
torship activity, i.e., patenting activity, across European regions, which consequentially
prefers EPO to PCT (triadic) patent applications, due to an explicitly defined macro level
(the European continent and the ERA). Thus, the population of the 819 European regions
should minimize potential spatial bias.321 Furthermore, this study uses patent applications,
not granted patents. Patent applications are published earlier than grants and reflect tech-
nological competitiveness in a more appropriate way; moreover, availability of these data
is better (Fraunhofer, 2009).322

The analysis is restricted to the years 1977-2004 for patent density measures and 1988-2004
for population corrected disparity measures.323 Patent shares, absolute patent numbers,
patent densities (patents per million population and per square kilometer) are calculated.
Population data have been collected according to the established NUTS2003 classification
for the period 1988 until 2005 at the NUTS3 level (European Commission, 2007c; OECD,

319 The study uses full time series instead of random years because the latter might not be representative
for the overall evolution of inequality in EPO patenting.

320 However, the subsequent analyses center the period 1980-2004.
321 European regions have a higher propensity to protect new knowledge in terms of EPO patent ap-

plications. EPO patent filings are used and analyzed in this study as the EPO is a trans-national
authority; it is expected that the home advantage is somehow balanced due to this choice (Fraunhofer,
2009).

322 According to Fraunhofer (2009), only those EPO applications are covered by publicly available
databases, which are maintained until the publication, 18 months after priority filing. Applications
that are withdrawn or rejected are excluded from public patent databases (e.g., RegPAT). The share
of withdrawn or rejected EPO patent filings may amount to nearly 50% of the published filings at the
EPO.

323 In RegPAT (January 2009), EPO filings are completely published only for the priority years up to
2006/2007 due to a publication phase of 18 months. As more than 60% of the applications enter the
EPO via the PCT-route (see Box 3.2) and the fact that entering the regional phase at the EPO might
be postponed up to 30 months, the priority years 2005 and 2006 are incomplete.
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128 3. Innovative Places, Research Clustering and Co-Agglomeration in Europe

2007b).324 In a second step, these data have been transformed to more “functional” and
statistically more appropriate regions according to the OECD TL3 classification (OECD,
2003, 2006). Table B.3 in the appendix summarizes the regional structure and typology of
the database in detail.

The agents are in general inventors, whose postal address, which is their work place loca-
tion (e.g., R&D subsidiaries), can be used to determine their major location in geographic
space (Verspagen and Duysters, 2004; Criscuolo and Verspagen, 2008; Fornahl and Bren-
ner, 2009).325 Based on inventor address information, every patent application is assigned
to European TL3 regions by fractional counting. Fractional counting means that each
inventor, who is located in a certain region, gets an identical fraction of the patent appli-
cation. Accordingly, if a patent has, e.g., three inventors from three different spatial units,
each spatial unit gets a share of one third (regional inventor share).326

3.3.2. The Spatial Classification System

However, a serious problem in geographical economics and the geography of innovation
literature is the definition and usage of spatial units. At least, two entities are needed
that are in general called a place or a region. However, the difficulty with this concept is
rather unnoticed. It seems that people have to suffer from the same theoretical vagueness
with the “concept of the region” as is the case with the “concept of the industry,” which
essentially depends on statistical classifications and conventions. Both concepts resemble
some intermediate and flexible levels of aggregation and are thus not easy to define. The
aggregation of places to a region depends essentially and ultimately on the underlying
research question and empirical application. The definition of borders mainly depends on
the existence of spatial dependence, which could be an indication for functional regions
(see appendix, tables B.2 and B.3). Accordingly, the aggregation issue is highly fuzzy and
crucial in applied research. The TL3 classification could be roughly interpreted as more
homogenous labor market regions. Admittedly, the usage of TL3 units simplifies the issue
of functional spatial boundaries of regional systems.327

324 The Nomenclature of Statistical Territorial Units (NUTS) is a hierarchical system for dividing up the
economic territory of the EU; see European Commission (2011k).

325 As inventors tend to be spatially dispersed with some distance to the applicant’s location, the inventor
location is focused. Taking the applicant as the focal point would lead to a substantial bias, as large
firms maintain several R&D units, while all patents are applied for from the firm’s headquarter
(TerWal and Boschma, 2009; Miguelez and Moreno, 2010; Patuelli et al., 2010).

326 In this respect, the 819 European regions add up to 904.917,129 EPO patent applications (fractional
counting by priority date) and 1.616.257 inventor IDs (full counting by priority date and year) within
the period 1977-2004.

327 The extracted patent data from OECD RegPAT database (January 2009) are regionalized according
to the NUTS2003 classification (Maraut et al., 2008) to 1259 NUTS3 regions; afterwards, they are
aggregated, according to the OECD TL3 classification, to larger functional areas, e.g., 97 German
spatial planning regions (OECD, 2003; Greif and Schmiedl, 2006; Freund, 2008). TL3 units are
interpreted being counties or districts with kind of functional boundaries, although the regional size of
the units vary to some extent. Therefore, TL3 units are taken as the general geographical classification
concept, which also simplifies comparison with other studies and is much more related to functional
units. Other studies aggregate German counties to 112 local labor marker regions (LLR), e.g., Eckey
et al. (2007) and Dauth (2010). Similarly, Italian regions are aggregated to 686 local labor systems
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3.3. The Database: Patent Data, Regions and Research Activity 129

The TL3 level is the most detailed, harmonized and statistically useful regionalization level
available for the OECD and Europe (OECD, 2003, 2006). In this respect, the underlying
database extraction in this chapter (and the relational data extractions in the following
chapters) focuses on 819 (EU-25+CH+NO) TL3 units as highlighted in table B.3 (ap-
pendix).328 The full population of observations is formed by 774 TL3 regions of the EU-25
member states and Norway (19 TL3) and Switzerland (26 TL3). 651 units belong to the
EU-15 and 123 belong to the NMS. Switzerland and Norway are included in the analysis in
order to avoid black holes in the spatial structures; especially in the regional co-patenting
network analysis in chapter 4.329

3.3.3. The IPC-Technology Field Concordance

From a technology field point of view, aggregation and matching of the International Patent
Classification (IPC), which is included in every patent application, and larger technology
field aggregates is accomplished in this thesis by utilization of the EC DG Research and
FhG ISI-OST-SPRU IPC-technology field concordance of Schmoch et al. (2003). Although
there exist alternative concordance tables for aggregating and matching patent classes with
industries (Verspagen et al., 1994), the ISI-SPRU-OST concordance represents one of the
most recent approaches to this issue (Schmoch et al., 2003). This concordance has been
similarly implemented by, e.g., Paci and Usai (2009), Fornahl and Brenner (2009) and
D’Agostino et al. (2010).330 Additionally, 6 established high-technology fields are analyzed
for the period 1977-2004 according to a high-technology concordance table (EUROSTAT,
2009).

Box 3.3 offers a short overview of the IPC classification system that has been used to
match IPC codes and technology field aggregates. A detailed TF-IPC concordance table
is available in the appendix (see table B.4, appendix).

In the following analyses, EPO patent applications are linked to technology fields (see ta-
ble B.4) in terms of full counting in order to compute the spatial distribution of research
activities and to calculate the geographic concentration and disparities of patenting ac-
tivity. If the patent document contains several IPC codes the unique counting method is
applied. If a patent application contains five different IPC codes, which are included in

(LLS); however, 103 Italian regions are used, which include most commuting activities (de Dominicis
et al., 2007).

328 The 439 “Stadt-/Landkreise” in Germany (NUTS3) are aggregated to 97 so called “Raumordnungsre-
gionen” (BBR, 2011), Dutch and Belgian NUTS3 units to the NUTS2 level (which is OECD TL3).
Similarly, Greek islands and small units are aggregated to Greek NUTS2 units and solve several is-
sues: (i) Several NUTS3 units are relatively small and numerous in comparison with other EU NUTS3
units. The application of, e.g., 439 German NUTS3 regions would increase the influence of German
regions in the analysis significantly. (ii) Additionally, when using NUTS3 patent data, the existence
of relatively small regional units may induce the issue of commuting of inventors between their place
of residence and place of work and would thus induce a location bias.

329 However, new or potential member states are excluded, e.g., Croatia, Romania, Bulgaria and Liecht-
enstein, due to data constraints.

330 The ISI-SPRU-OST concordance is a joint project of the Fraunhofer ISI, Karlsruhe, Germany, the
Observatoire des Sciences et des Techniques (OST), Paris, France and the SPRU, University of Sussex,
Brighton, UK (Schmoch et al., 2003).
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130 3. Innovative Places, Research Clustering and Co-Agglomeration in Europe

five different technology fields at the same time, the patent is fully added to each of these
five fields.331 Accordingly, if a patent application contains several IPC codes of only one
single technology field, then the patent is uniquely linked to the technology field by the first
corresponding IPC code (unique but full counting). If a patent document corresponds to
several technology field aggregates in terms of included IPC codes, the patent is uniquely
linked to each technology field by factor one, multiplied with the fractional share of the
local inventor. Thus, patents with many IPC codes have a higher propensity to be linked
to more than one technology field. As a consequence, multiple counting is possible as a
single IPC code can be included in several technology field aggregates (Schmoch et al.,
2003; Frietsch and Schmoch, 2006; Belitz et al., 2006).332

Box 3.3: The International Patent Classification - IPC

The IPC is an international non-overlapping hierarchical classification system for patents
that consists of eight sections (first level), 118 classes (second level), 628 subclasses (third
level), 6.871 main groups (fourth level) and 57.324 subgroups (fifth level) to classify inventions
claimed in the patent documents (IPC 8). The IPC divides technologies into eight general
areas (sections) (European Patent Office, 2011b):
A: Human Necessities; B: Performing Operations, Transporting; C: Chemistry, Metallurgy;
D: Textiles, Paper; E: Fixed Constructions; F: Mechanical Engineering, Lighting, Heating,
Weapons; G: Physics; H: Electricity. Within these areas technology is divided and subdivided
into a detailed level, which allows the subject matter of a patent specification to be very
thoroughly classified.
Although there exist alternative concordance tables for aggregating and matching patent
classes with industries (see, e.g., Verspagen et al., 1994), the EC DG Research and FhG ISI-
OST-SPRU IPC concordance of Schmoch et al. (2003) represents one of the most popular
approaches.

3.4. Geographic Concentration and Regional Disparities of
Research Activities

3.4.1. Measuring Geographic Concentration and Regional Disparities

3.4.1.1. Aggregate Distribution, Specialization and Disparity

As has been demonstrated within the empirical review, the statistical analysis of the entire
population of 819 European regions with regard to technology fields and the TL3 level still
represents a rather unexplored field of research. Therefore, the first and foremost objective
of this study is to provide a pure quantitative approach and systematic analysis of the

331 See Scherngell (2007), Paci and Usai (2009) and Fornahl and Brenner (2009) for similar methods.
332 However, as the data for each technology field have been extracted and linked separately, patents are

uniquely counted and technology fields cannot be simply aggregated. For larger technology fields,
modified mySQL extraction queries have been executed to produce larger aggregates and to avoid
biases from multiple-counting. It is essential to note that there exists no single and dominant patent
counting method or matching mechanism. Further details on the constructed database are available
the appendix.
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3.4. Geographic Concentration and Regional Disparities of Research Activities 131

spatial distribution of inventorship and research activity over time and space at the level
of European regions. The analysis in this section challenges the hypotheses and research
questions which have been proposed in section 3.1 (and in the introductory chapter, section
1.2). Therefore, the study introduces and discusses the descriptive methodology in the
following.

The most common way to analyze and assess the applicability of inequality/disparity co-
efficients is by comparing the behavior of such indices with respect to several axioms. The
axioms are theoretically derived as preferable properties of disparity measures (Cowell,
1995; Combes and Overman, 2004; Gallagher, 2008). Box 3.4 summarizes these gener-
alized preferable axioms that disparity/inequality measures should fulfill (Cowell, 1995;
Combes et al., 2008; Jenkins and Kerm, 2009).333 An objection against the Gini is the
difficulty of subgroup decomposition and subgroup consistency.334 Additionally, the Gini
index measures the same inequality of economic activity, irrespective of the true spatial
location of observations (clustering or not), meaning that spatial dependence and thus
spatial autocorrelation (chapter 4, section 4.2) cannot be identified (Arbia, 2001; Anselin,
2007; Christ, 2009). However, given the wide popularity and the otherwise favorable prop-
erties of the Gini index, it will be applied in the following as the central measure for
European patenting concentration. Accordingly, different Gini alternatives are computed
at the aggregated European level (European TL3 regions).335

Box 3.4: Preferable Axioms of Inequality Measures

It is argued that the common way of analyzing and judging the applicability of inequality
coefficients is by comparing the behavior of such indices with respect to several axioms that
are theoretically derived as preferable properties of such measures: (i) scale independence, i.e.,
income homogeneity: multiplying incomes with an identical positive scalar will not change
disparity, (ii) population homogeneity, i.e., population independence: replicating income sev-
eral times will not change disparity, (iii) anonymity: personal characteristics, other than the
income, will not determine the ordering principle, (iv) the transfer principle, i.e., the Pigou-
Dalton condition: transfers from a richer to a poorer agent will reduce disparity (Kim, 1995;
Maggioni, 2002; Combes et al., 2008).
Just a few measures can satisfy the four axioms: the coefficient of variation, the Gini coeffi-
cient, the Atkinson class of measures, and the generalized entropy family of measures, with
the Theil index being the prominent example (Cowell, 1995; Ratanawaraha and Polenske,
2007; Combes et al., 2008).

Brakman et al. (2005) differentiate between regional specialization and concentration.
Thus, concentration is generally issued in a similar manner compared to specialization.
The main difference to specialization measures is that instead of a comparison of industrial

333 See also Amiti (1999), Paci and Usai (2000b), Keilbach (2000), Henderson (2003a), Aiginger and
Pfaffermayr (2004), Midelfart-Knarvik et al. (2004) and Combes and Overman (2004).

334 This is an essential problem for EU-wide studies at the regional level that try to depict within- and
between country differences in geographical distribution and inequality. Global inequality can result
from nation-specific distribution characteristics, but also from significant differences between countries
(Duro, 2004; Brülhart and Traeger, 2005; Paas and Schlitte, 2007).

335 The issue of spatial interdependence and autocorrelation is addressed in chapter 4.
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structures within a single region, concentration measures apply a comparison of regions’
industrial structures across all regions involved (Amiti, 1999; Arbia, 2001; Jenkins and
Kerm, 2009).336 Accordingly, industrial specialization of regions goes hand in hand with
spatial concentration of industries as the two concepts reflect different approaches to the
same statistical phenomenon (Combes and Overman, 2004; Ratanawaraha and Polenske,
2007).

Absolute specialization means that a small share of industries account for a large share of
economic activity of a region under analysis. In contrast, absolute concentration is about
whether a few regions tend to account for a large share of economic activity of an industry
(Ratanawaraha and Polenske, 2007; Combes et al., 2008). However, a much more complex
analysis is the distributional measure with respect to all industries, technology fields and
regions. The corresponding types of concentration and specialization are then expressed in
relative terms (related to a reference region or industry). Relative concentration is about
whether regions tend to account for a large share of economic activity of a certain industry
or technology field relative to their average share in all other industries compared to a
larger aggregate. Relative specialization is about whether industries tend to account for a
large share of the economic activity of a region relative to the average share in the larger
spatial aggregate (Krugman, 1991; Brakman et al., 2005; Farhauer and Kröll, 2009).

From an empirical point of view, some cross-country studies (at the national level) tend
to measure an increasing concentration and specialization of economic activity. In con-
trast, some regional studies at the level of the US MSA or European NUTS/TL3 units
tend to measure the opposite development.337 According to Brakman et al. (2005, 29),
specialization and concentration seem to diverge,

“[e]ven though they conceptually are each other’s mirror image.”

It should be noted that the studies by and large differ with respect to aggregation levels
and spatial classification systems that essentially determine the results. This represents
the modifiable area unit problem. In view of these issues, spatial concentration measures
are more difficult than expected. Combes et al. (2008, 255) argued that

“[g]eographers and economists alike have sought to develop indices that capture in-

equality across industries, time, and space. It will become readily apparent that the

issue is more complex than it seems at first glance. Although some indices have

become standard, the ideal index remains to be discovered.”

3.4.1.2. Skewness and Kurtosis

To get a first detailed picture, the features of the distributions of EPO patent applica-
tions and EPO inventors by technology field are computed and compared. In view of this,
kurtosis and skewness are two statistical instruments for analyzing the distributional char-
acteristics. Skewness and kurtosis show how the distribution of a variable deviates from

336 Central contributions are also Hoover (1936), Krugman (1992), Ellison and Glaeser (1997) and Combes
et al. (2008).

337 See, e.g., Kim (1995), Midelfart-Knarvik and Steen (1999), Keilbach (2000), Combes and Overman
(2004), Brakman et al. (2005), Scherngell (2007) and Fornahl and Brenner (2009).
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a normal distribution. Skewness is the third central moment that measures the degree of
symmetry of a probability distribution as presented in equation 3.4.1:

ν =
m3(μ)

σ3
=

n

(n− 1)(n− 2)

∑(
xi − x̄

s

)3

(3.4.1)

If skewness is greater than zero, the distribution is skewed to the right, having more
observations on the left. m3(μ) is the third central moment and σ is the standard deviation.
Kurtosis, on the other hand, is based on the fourth central moment, measuring the thinness
of tails or peakedness of a probability distribution as presented in equation 3.4.2:

ξ =
m4(μ)

σ4
− 3 =
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)4
]
− 3(n− 1)2

(n− 2)(n− 3)
(3.4.2)

with m4(μ) being the fourth central moment. If the kurtosis parameter value of a ran-
dom variable is less than three (or negative), the distribution has thicker tails and a lower
peak compared to a normal distribution. By contrast, a kurtosis parameter value larger
than three indicates a higher peak and thin tails. A normally distributed random vari-
able should have skewness and kurtosis near zero (between zero and three respectively).
Note that biased distributions at the regional level towards a few locations can also result
from population differences (and thus spatially varying population densities) (Arbia, 2001;
Maggioni, 2002).

3.4.1.3. The Herfindahl-Hirschman Index

Another well-known measure is the Herfindahl-Hirschman-Index (HHI). In this study, HHI
centers the spatial concentration of inventorship activity across the 819 European regions
(Caniëls, 1996; Fingleton et al., 2007; Combes et al., 2008).338 The HHI places the number
of EPO patent applications xij of a region j in a technology field i in relation to the EPO
patent application numbers of the spatial aggregate

∑
j xij, which represents the regional

share xij/
∑

j xij. Summing up xij/
∑

j xij and taking the root (α) then forms the HHI for

each technology field i (equation 3.4.3) (Fornahl and Brenner, 2009).339

HHIi =

⎡
⎣ α−1

√√√√ n∑
j=1

(
xij/

n∑
j=1

xij

)α
⎤
⎦ (3.4.3)

338 For further information regarding inequality and concentration measures refer to Krugman (1991),
Ellison and Glaeser (1997), Laursen (1998), Amiti (1999), Midelfart-Knarvik et al. (2002), Mag-
gioni (2002), Aiginger and Pfaffermayr (2004), Combes and Overman (2004), Scherngell (2007),
Ratanawaraha and Polenske (2007) and Farhauer and Kröll (2009).

339 It must be noted that HHI is sensitive to α with α = 2 being the standard HHI parameter value.
Thus, the sensitivity of the HHI measure increases with α. The HHI reports total inequality, if one
single region holds all patent applications; in contrast, the HHI shows equal distribution, if all regions
hold 1/819.
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3.4.1.4. The Location Quotient and Relative Technological Advantage

The location quotient (LQ) is another influential measure of spatial specialization and
is illustrated in equation 3.4.4 (Litzenberger, 2007; Gallagher, 2008; Jenkins and Kerm,
2009). LQij expresses the importance of an industry or technology field i in region j
under analysis, based on its relative share in the local or national economy (Maggioni,
2002).340 Innovation studies use the same descriptive approach for patent data analysis.
This coefficient is labeled revealed technological advantage (RTA).

LQij =

[
xij/

n∑
j=1

xij

]
/

[
m∑
i=1

xij/

m∑
i=1

n∑
j=1

xij

]
(3.4.4)

xij is the activity in industry or technology field i in region j;
∑

j xij is the activity in
industry or technology field i in the spatial aggregate of regions j;

∑
i

∑
j xij is total eco-

nomic activity in the aggregate of regions and
∑

i xij is total regional economic activity (all
technology fields) in region j. Rearranging equation 3.4.4 leads to the classical relative spe-
cialization index, which is normally applied in employment studies (Overman et al., 2001;
Henderson, 2003). Thus, a location quotient LQij < 1 means that the economic activity in
the industry or technology field is less present in the region under observation compared to
the reference region (higher spatial aggregate). In contrast, LQij > 1 illustrates a relative
higher share of industry or technology field activity compared to the aggregate of regions
(reference region). Alternatively, LQij is alternatively labeled “Balassa index” or “Hoover-
Balassa index” in studies of international trade, whereas the label “location quotient” is
traditionally widely used in regional science and geographical economics (Krugman, 1992;
Maggioni, 2002; Litzenberger, 2007).341 The measure is one of relative specialization as it
measures the spatial fraction of an industry or technology field in one region in compari-
son to the fraction of the aggregate of regions in the sample. Maggioni et al. (2007, 482)
labeled this relation in an innovation context a “traditional location quotient for high-tech
patents.” However, most studies apply this ratio under the term revealed technological ad-
vantage (RTA) (Frietsch and Schmoch, 2006; Polenske, 2007; Ratanawaraha and Polenske,
2007). Further to this, the indicator neither says anything about the absolute size of an
industry or area nor about spatial concentration what Fingleton et al. (2007, 69) termed
an “omission of mass effects [by LQ].” Thus, it is possible to obtain a high value of LQ
(RTA) for small spatial units in the sample.342

340 Appropriate and commonly applied variables for this measure are industry employment, production
and plant level data. It is essential to note that the coefficient can also be used for alternative STI data
analyses, such as R&D employment and product innovations. In the end, however, the only trustable
and direct measure for inventorship location patterns are patent applications. See also Hoover (1936),
Caniëls (1997), Amiti (1999) and Holmes and Stevens (2004).

341 See also Maggioni et al. (2007), Dewhurst and McCann (2007), Fingleton et al. (2007) and Gallagher
(2008).

342 An easy way to make use of the Balassa index as an agglomeration index and indicator of spatial
distribution is to calculate the standard deviation of LQ for each technology field or industry under
analysis across cities, counties, districts or regions.
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3.4.1.5. The Relative Technology Density

As the analysis is explicitly related to EPO patent data equation 3.4.4 is transformed into
3.4.5 in order to account for spatial population characteristics:

RTDij =

[
xij/

n∑
j=1

xij

]
/

[
popj/

n∑
j=1

popj

]
= sij/yj (3.4.5)

Accordingly, the study applies a comparison of the shares of EPO patent applications sij
of regions j by technology field i and the regional shares of population yj, which differs
from the conventional Krugman approach (Krugman, 1991), which will be discussed in the
next paragraph. In this respect, the regional shares of EPO patent applications sij of each
of the 819 TL3 regions for a predefined sample of 51 technology field aggregates have to be
calculated (Schmoch et al., 2003). These shares have to be compared with the population
shares yj of the observations between 1980 and 2005; afterwards, yearly relative technology
density indices (RTD) have to be computed for all 819 European TL3 regions. The RTD
then represents the sort criterion with RTDi1 < RTDi2 < ... < RTDin for additional
technology field-specific Gini computations.343

3.4.1.6. The Locational Gini Coefficient

The obtained relative technology density (RTD) indices are used for calculating locational
and spatial Gini coefficients. The traditional methodology commonly uses the Gini coef-
ficient as a measure of inequality/disparity of income or wealth (Maggioni, 2002; Litzen-
berger, 2007; Combes et al., 2008).344 The Gini coefficient normally compares income
distributions with population distributions at the micro level (households, workers, other
individuals). The concept uses pairwise comparison of all observations. The standard
Gini, GST , is then a normalization (division by 2) of the relative mean difference from the
arithmetic mean of all observation pairs (interval [0, 1]). The Gini coefficient is defined
mathematically based on the Lorenz curve concept (see figure 3.1). It represents the ratio
of the area that lies between the line of equality and the Lorenz curve over the total area
under the line of equality. Low Gini coefficients indicate more equal distributions, with
GST = 0 corresponding to complete equality; the bisecting line in the graph then corre-
sponds to the Lorenz curve. However, higher Gini coefficients represent a more unequal
distribution, with GST = 1 corresponding to complete inequality (maximum concentration
surface, δ). To be computed validly, no negative (regional) income can be distributed. If
the Gini coefficient is being used to describe household income inequality (which is the

343 This calculation is identical to calculations that make use of calculated patent intensities (LQ with
the absolute number of patents in the numerator and the absolute number of population in the
denumerator).

344 Generally, the Gini coefficient is a measure of statistical dispersion, developed by the Italian statis-
tician Corrado Gini (Gini, 1921). For an overview and application to German subgroup income
inequality see, e.g., Rukwid (2007) and Hagemann and Rukwid (2007). For further aspects refer to
Gallagher (2008) and Jenkins and Kerm (2009).
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common empirical case), then no observation can have a negative income (Combes et al.,
2008).345

Regarding regional disparities, economic activity of regions is unequally distributed when
the largest share of activity is located in only a few regions (assumption of homogeneous
observations with 1/n weight). One can also think of technology fields or industries being
spatially concentrated if the majority of specific activities takes place in only a few regions,
compared to the reference distribution (still the case of unweighted observations), which
means that both distributions can vary tremendously as shown by the deviation of the
Lorenz curve from the bisecting line (45-degree line) in figure 3.1. More generally, the
Gini coefficient relates the distribution of a selected economic activity, ξ, to an average
or superior distribution of another variable, ζ, that represents the reference distribution
(which is in most cases an interval of identical size with 1/n). The conventional Gini
coefficient is calculated according to equation 3.4.6, with n being the number of regions
in the sample, x being the parameter value of the economic activity of regions i and j,
and μ being the mean of the parameter value x as presented in subgraph (a) of figure 3.1.
The Gini is then an “absolute” Gini index, because it uses the uniform distribution as a
benchmark with 1/n (Combes et al., 2008, 260).

GST =
C

1/2
=

[
1

2μn2

n∑
i=1

n∑
j=1

|xi − xj|
]

(3.4.6)

In case of a discrete feature distribution as presented in the right subgraph of figure 3.1, the
maximum concentration surface is not 1/2 but 1/2− 1/2× 1/n). Thus, the normalization
of GST into G∗

ST allows the comparison of differing sample size; in this study different
technology fields and numbers of regions, as presented in equation 3.4.7.346

G∗
ST =

[
1

2μn(n− 1)

n∑
i=1

n∑
j=1

|xi − xj|
]

(3.4.7)

For large sample size, the GST reaches 1 only asymptotically with 0 ≤ GST ≤ 1 − 1/n.
Normalization of GST into G∗

ST for [0, 1] is then accomplished by division of GST with 1/2×
(1 − 1/n) which guarantees 0 ≤ G∗ ≤ 1 (Litzenberger, 2007; Gallagher, 2008). However,
note that (1− 1/n) only normalizes for observations that have identical weights.347

With respect to the homogeneity issue, G∗
ST has to be modified in order to account for

heterogeneity of observations. The modified Gini index is then often called a “relative”
Gini (Combes et al., 2008, 261). From a methodological point of view, in the case of spatial
dispersion of industry or inventorship activity, one can think of several modifications of
G∗

ST . In a spatial context the conventional G∗
ST measure would take regions or locations as

n identically weighted (uniformly distributed) observations (with 1/n) and the number of
firms, employees or patent applications of these spatial units as relevant parameter values.

345 In case of patent applications, some observations can have zero values as patenting is highly concen-
trated; thus, a modified Gini calculation is applied.

346 Additionally, when the number of regions j is potentially smaller than the number of technology fields
i, the Gini calculation can be corrected with (1− j)/i.

347 G∗
ST computation assumes that n observations are homogeneous.
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(b) unweighted Gini coefficient and discrete Lorenz
curve

Fig. 3.1. Lorenz curve of an unweighted Gini coefficient
Source: own illustration.

The obtained G∗
ST coefficient would then measure inequality of economic activity across

spatial units without explicitly weighting subspaces, meaning that each observation (here
a region) holds an identical fraction of the reference distribution (e.g., identical in GVA,
employment, population). This approach is generally unbiased when analyzing household
income distributions (see figure 3.1, subgraph (b)) . However, this approach is considered
to be highly misleading and to distort the inequality measure in a regional context when
regions vary in size and population (Combes et al., 2008). In this respect, G∗

ST is only
an adequate index in measuring the industry specific concentration with respect to the
number of observations, but not heterogeneity by means of areal size/ surface or popula-
tion characteristics (Litzenberger, 2007; Gallagher, 2008; Fornahl and Brenner, 2009).348

As a result, Gini computations in a regional context have to include explicit weights for
the treatment of spatial heterogeneity, which supports the application of modified Gini
coefficients. Figures 3.2 and 3.3 highlight this idea.

However, in a conventional NEG context, Krugman (1992) has utilized a locational Gini
coefficient which does not take the absolute number of employees in an industry or sector
into account but the regional share of employment of the subspace in the industry i.
Therefore, Krugman has computed the location quotient, which represents a workhorse sort
criterion for Gini calculations (Audretsch and Feldman, 1996; Litzenberger, 2007; Dewhurst
and McCann, 2007). Relating this methodology to the case of European regions, the
regional shares of economic activity in each technology field i for every subspace or region
j have to be calculated, but also the shares of total economic activity of the spatial units,
which is

∑
i xij/

∑
i

∑
j xij. The ratio of both shares is the well known location quotient

LQij. In case of technology field specialization, LQij represents the well known revealed
technological advantage index RTAij, which measures relative technology field occupancy
of subspace j (Litzenberger, 2007; Maggioni et al., 2007; Gallagher, 2008). RTAij > 1

348 See also Amiti (1998) and Arbia (2001).
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(a) weighted Gini coefficient and discrete Lorenz
curve
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(b) weighted Gini coefficient and discrete Lorenz
curve

Fig. 3.2. Lorenz curve of a weighted Gini coefficient
Source: own illustration.

means that the region j has a technological advantage in technology field i. Further to this,
the locational Gini approach of Krugman measures employment specialization of a subspace
j in relation to a higher spatial aggregate. Thus, Krugman and colleagues are comparing
the distribution of industry specific employment with the distribution of total employment,
which rather corresponds to an index of specialization or geographical disparity but not
concentration (Combes and Overman, 2004; Ratanawaraha and Polenske, 2007). The same
is true for the RTAij index. In this respect, it is preferred to modify the RTA-approach and
to compute a relative technology field density measure as has been presented in equation
3.4.5.349 First, relative technology field densities (occupancy) (RTD) are computed for
all subspaces with RTDij = [sij/yj]; with sij being the EPO patent application share in
technology field i of region j and yj being the population share of the region. RTD is also
the sort criterion for the modified and weighted Gini coefficient.

Figure 3.3 presents the modified Lorenz Curve approach and the resulting concentration
surface.350 Equation 3.4.8 represents the “weighted” locational Gini.

GLOC = 2

[
1

2
− 1

2

n∑
j=1

yj

(
sij + 2

n∑
k=j+1

sik

)]
(3.4.8)

349 Refer to Amiti (1998), Litzenberger and Sternberg (2005), Litzenberger (2007) and Gallagher (2008)
for similar conclusions regarding employment data.

350 It should be noted that the computation results from RTDij are identical to the application of
patent intensity of region j divided by the patent intensity of the aggregate of regions

∑
j . Relative

technology field occupancy (RTD) and LQij are then formally the same.
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Equation 3.4.8 can be rearranged into 3.4.9:

GLOC = 2

[
1

2
−

[
n∑

j=1

(
1

2
yjsij

)
+

n∑
j=1

(
yj

n∑
k=j+1

sik

)]]
(3.4.9)

The GLOC coefficient is a population weighted Gini index in terms of yj, which also needs a
modification according to the formerly described normalization procedure. Normalization
of GLOC into G∗

LOC is accomplished by correcting for the minimum populated region with
min(yj), which guarantees a maximum concentration surface as presented in equation
3.4.10.

G∗
LOC =

[
2

[
1

2
−

[
n∑

j=1

(
1

2
yjsij

)
+

n∑
j=1

(
yj

n∑
k=j+1

sik

)]]][
1

1−min(yj)

]
(3.4.10)
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Fig. 3.3. The Lorenz curve of a locational (and spatial) Gini coefficient
Source: own illustration.

In case that the share of economic activity of a technology field sij across subspaces j is
identical to the reference distribution yj, a relative technology field density with RTDij = 1
could be computed for every regional unit, and thus a locational Gini coefficient with
G∗

LOC = 0. In this case, the Lorenz Curve is identical to the bisecting line. However, the
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more the distribution of the industry or technology field (sij) differs from the reference
distribution (yj), the more RTD (LQ) differs from 1 and the larger is G∗

LOC . In this
respect, G∗

LOC takes sij and yj for each region and represents the cumulated sum of patent
application shares of all subspaces, ordered by the regional technology density (RTD) of
technology field i with RTDi1 < RTDi2 < ... < RTDin. Hence, the modified Gini-
coefficient, G∗

LOC , which is applied in a different context by Kim (1995), Litzenberger
(2007) and Gallagher (2008), resembles a concentration index that explicitly measures
relative concentration of technology fields with respect to regional population.

3.4.1.7. The Spatial Gini Coefficient

Another possible spatial weight represents the size of the regional unit. For comparison
purposes and completeness, an alternative Gini coefficient has also been computed, that
is labeled GSPACE, and which controls for spatial unit size by means of areal size/ surface
(and represents again an index of geographical disparity). Consequently, the spatial density
of economic activity under analysis comes directly to the fore (Roos, 2002b; Litzenberger,
2007; Gallagher, 2008).

Areal size/ surface is interpreted as being another possible geography control variable that
introduces GIS data into the study, controlling for spatial density and thus for concentration
of economic activity across European regions. GSPACE (see 3.4.11) is identically calculated
as GLOC ; the only difference is that population shares yj are replaced by the shares of
areal size zj. Accordingly, the normalized spatial Gini coefficient G∗

SPACE compares the
distribution of inventorship (EPO patenting) activity shares sij in a technology field i with
the distribution of areal size zj (square kilometers) and is identical to equation 3.4.10,
except zj.

G∗
SPACE =

[
2

[
1

2
−

[
n∑

j=1

(
1

2
zjsij

)
+

n∑
j=1

(
zj

n∑
k=j+1

sik

)]]][
1

1−min(zj)

]
(3.4.11)

In the concentration analysis of EPO patenting activity in Europe, the regional shares
of EPO patent applications of subspaces sij in a predefined set of 51 technology fields
are compared with the shares in areal size/surface zj, which represents again the sort
criterion for the Lorenz curve construction, as shown in figure 3.3 (yj now replaced by zj).
RTDij > 1 means that region j’s patent share differs positively from its areal surface share
zj. In opposition, RTDij < 1 means that the region under analysis has a much smaller
spatial patent density (per square kilometer) compared to the spatial aggregate. In this
respect, RTDij is the sort sequence parameter value for the G∗

SPACE computation with
RTDi1 < RTDi2 < ... < RTDin.

351 Groups of regions that are defined by huge differences
in areal surface, although population shares being more or less equally distributed, can
potentially produce differing G∗

SPACE parameter values compared to G∗
LOC .

Moreover, it is essential to note at this point that aggregation to higher regional levels
could induce the so called modifiable areal unit problem (MAUP), which means that the

351 Normalization into G∗
SPACE is identical as for G∗

LOC by correcting for the smallest spatial unit (now
in terms of square kilometers), which maximizes the potential concentration surface θ in figure 3.3.
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Gini coefficients (and other indices) can vary due to aggregation of surface or population
(Arbia et al., 2005; Dewhurst and McCann, 2007; Puga, 2010).352 Small areal units tend to
show large variation due to strong core-periphery issues of, e.g., population, employment,
firm location. Thus, shares and intensities are endogenous to the aggregation level. In
opposition, larger spatial units tend to produce much more stable numerical results (i.e.,
averaging process). However, meaningful geographic variation in EPO patenting - and that
is what will be explored in this study - could be lost due to aggregation to a higher spatial
level. For this reason, it seems reasonable to sacrifice fine technology field classifications
in favor of a very detailed spatial system of regions.

3.4.2. Three Decades of EPO Patenting in Europe

3.4.2.1. Skewed Distributions and Core-Periphery Structures

3.4.2.1.1. Whisker Box-Plot

At the beginning, some distributional key facts of research activity (i.e., patenting activ-
ity) across the regions in the ERA should be summarized. Therefore, the analysis starts
highlighting some descriptives. An important statistical tool for distribution analysis is
the box-plot or whisker graph. Such graphs are produced for several time periods (average
values). Figures 3.4, 3.5 and 3.6 highlight the distribution of EPO patent applications
from European member states, i.e., patent densities at the regional level. For the pur-
pose of a more detailed analysis, several subperiods are classified: 1985-1996, 1990-1991,
1995-1996, 2000-2001 and 2003-2004. The following box-plot figures include 25 European
countries, Switzerland and Norway (819 TL3 regions), for which regionalized EPO patent
data and population data are available, so that regional population corrected values can
be constructed (see section 3.3 for details).353

Figure 3.6 summarizes the whisker plot for the period 2003-2004. It can clearly be de-
picted from the figures, that German regions are leading in overall EPO patenting activity,
followed by Dutch, French and UK regions. Moreover, as can be seen from the graphs,
several outliers are located in Germany, the Netherlands, France, the United Kingdom,
Denmark and Belgium.354 Additionally, it can be observed that most countries in general
show an increase in average patenting activity since the 1980s (lower quantile values are
increasing).

352 The problem is that geographical phenomena cannot be measured at a single point but only within
a pre-defined spatial area. The MAUP is intrinsic to the measure; it is a phenomenon that has a
geographical dimension. It can be decomposed into two interrelated effects: (i) a zonation effect and
(ii) a scale effect. The scale effect is the variation in numerical results with regard to the number of
(spatial) zones; the zonation effect is the variation of statistical results due to aggregation of spatial
units to districts, regions or countries (Arbia and Petrarca, 2010).

353 The following descriptives have been calculated with STATA 11 and ArcGIS 9.3.1.
354 Frietsch and Schmoch (2006), among others, point to similar results in their international study at

the level of countries.
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(a) Box plot overall EPO patent applications (mio.pop.), TL3 level,
1985-1986
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(b) Box plot overall EPO patent applications (mio.pop.), TL3 level,
1990-1991

Fig. 3.4. Spatial distribution: patent application density of European regions by country
Source: own calculations and illustration. Notes: Sample covers 819 European TL3 regions. Patent data
generated by mySQL RegPAT (2009) database extractions and application of ISI-SPRU-OST concordance.
TL3 population data for the period 1988-2004 constructed from EUROSTAT, OECD, ESPON and BBR
data (OECD, 2003).
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(a) Box plot overall EPO patent applications (mio.pop.), TL3 level,
1995-1996
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(b) Box plot overall EPO patent applications (mio.pop.), TL3 level,
2000-2001

Fig. 3.5. Spatial distribution: patent application density of European regions by country
Source: own calculations and illustration. Notes: Sample covers 819 European TL3 regions. Patent data
generated by mySQL RegPAT (2009) database extractions and application of ISI-SPRU-OST concordance.
TL3 population data for the period 1988-2004 constructed from EUROSTAT, OECD, ESPON and BBR
data (OECD, 2003).
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(a) Box plot overall EPO patent applications (mio.pop.), TL3 level,
2003-2004

Fig. 3.6. Spatial distribution: patent application density of European regions by country
Source: own calculations and illustration. Notes: Sample covers 819 European TL3 regions. Patent data
generated by mySQL RegPAT (2009) database extractions and application of ISI-SPRU-OST concordance.
TL3 population data for the period 1988-2004 constructed from EUROSTAT, OECD, ESPON and BBR
data (OECD, 2003).

3.4.2.1.2. Core-Periphery Structures and Patent Densities

For a more dynamic view, the regional shares of EPO patenting activity and patent densi-
ties are additionally visualized for the periods 1985-1986, 1990-1991, 1995-1996 and 2003-
2004 in the European Research Area at the TL3 level. This preliminary (and simple)
presentation should allow for additional hypotheses and indications with respect to the
spatial distribution of research activity. The section is restricted to the presentation of
research activity in selected high-technology aggregates, according to the IPC-technology
field concordance table.355

Figures 3.7, 3.8, 3.9 and 3.10 show patent densities for the two mentioned aggregates and
time periods. Figures 3.7 and 3.8 summarize overall EPO patenting activity (all IPC),
whereas figures 3.9 and 3.10 highlight high-technology EPO patent applications. It can
be concluded from the figures that the regions in the EU-25, Switzerland and Norway
have, on average, increased their regional shares of EPO patenting within the last two
decades. Additionally, figures A.3, A.4, A.5, A.6, A.7 and A.8 (appendix) show the regional
distributions of 6 large high-technology aggregates, i.e., (1) HT1 Aviation technology, (2)

355 For a complete overview and list of abbreviations of all 51 technology field aggregates used in the
following graphs and tables see table B.4 (appendix).
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HT3 Computer & office machines technology, (3) HT2 Communication technology, (4)
HT5 Microorgan. & genetics, (5) HT4 Laser technology and (6) HT6 Semiconductors
for the periods 1990-1991 and 2003-2004. It is obvious that research activity, i.e., EPO
patent applications, are highly concentrated and mostly clustered in European core areas.
Especially high-tech patenting activity is highly clustered within the ERA, especially in the
core regions and “growth poles.” The distribution is also well-known under the label “the
blue banana” due to the visual effect in maps; it means that high-performing regions are
mostly located in the European core regions, ranging from Southern UK regions over the
North of France, Belgium, the Netherlands, Denmark, Southern Germany and Switzerland
to the northern part of Italy (see also Heidenreich, 1998; Brakman et al., 2005). The
research clustering analysis in section 3.5 will give more attention to specific regions and
their technological profile (section 3.5.4.2), whereas the following calculations center on
global disparity.

However, the aforementioned figures (and maps) neither tell anything about relative spatial
distribution or concentration of EPO patent applications by technology fields, nor about
the intensity of research clustering. These issues will be addressed in the next sections.
Nevertheless, the reported figures and descriptive measures give preliminary insights into
the distribution of knowledge-intensive tasks across the regions of the European Union.

3.4.2.1.3. Kurtosis, Skewness and Herfindahl-Hirschman Index

Tables 3.1, 3.2 and 3.3 summarize the descriptive statistics for EPO patent applications
and EPO inventors by technology field.356 The statistics aim to offer a first overview.

Table 3.1 shows the descriptive statistics (percentiles, HHI, maximum regional share and
numbers per technology field) for EPO patent applications and table 3.2 summarizes the
descriptives for EPO inventors. The tables include the average values for the periods 1990-
1994 and 2000-2004. Table 3.3 summarizes the dynamics (change %) of the descriptive
statistics for all 51 technology field aggregates between the 1990s and 2000s.

Besides the standard descriptives, a Herfindahl-Hirschman index (HHI) is reported, which
measures spatial concentration by technology field; moreover, the change (%) of HHI and
the other indices and variables is computed, from 1990-1992 to 2002-2004 (refer to table
3.3). It is definitely visible that most technology fields are characterized by decreasing
HHI values (negative sign) for EPO patent applications and EPO inventors, which can
be interpreted as a decreasing geographic concentration across the population of 819 TL3
observations (regions).357 This first picture of decreasing disparities is supported by the
analysis of the number and share of regions in Europe with n > 0 EPO patent applications

356 The descriptives contain several calculations, e.g., minimum (min nb), maximum (max nb), mean
(mean nb) and total numbers (tot nb), regional maximum share (max reg share), kurtosis (kurt),
skewness (skew), 30% and 70% percentiles (P30, P70). Note that the results concerning HHI, kurtosis
and skewness can departure from the following Gini calculations as spatial heterogeneity in terms of
population and area size is not taken into account. For weighted measures refer to section 3.4.2.3.

357 The calculated HHI does not control for varying area size, meaning that all 819 TL3 regions have
the same weight in the analysis. Thus, some differences are expected to occur when HHI is directly
compared with, e.g., population-weighted Gini indices.
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EPO patent applications (per million)
by region (tot.nb.) 1985-1986

0,000000

0,000001 - 50,000000

50,000001 - 75,000000

75,000001 - 250,000000

250,000001 - 1110,811290

Fig. 3.7. Patent density (per million inhabitants) by region 1985-1986
Source: own calculations and illustration. Notes: Shapefile generation and polygon projection with ArcGIS
9.3.1. environment.
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EPO patent applications (per million)
by region (tot.nb.) 2003-2004

0,000000

0,000001 - 50,000000

50,000001 - 75,000000

75,000001 - 250,000000

250,000001 - 1346,142742

Fig. 3.8. Patent density (per million inhabitants) by region 2003-2004
Source: own calculations and illustration. Notes: Shapefile generation and polygon projection with ArcGIS
9.3.1. environment.
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EPO high-tech patent applications
by region (tot.nb.) 1985-1986

0,000000

0,000001 - 10,000000

10,000001 - 25,000000

25,000001 - 50,000000

50,000001 - 145,392105

Fig. 3.9. High-tech EPO patent density (per million inhabitants) by region 1985-1986
Source: own calculations and illustration. Notes: Shapefile generation and polygon projection with ArcGIS
9.3.1. environment.
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EPO high-tech patent applications
by region (tot.nb.) 2003-2004

0,000000

0,000001 - 10,000000

10,000001 - 25,000000

25,000001 - 50,000000

50,000001 - 309,658798

Fig. 3.10. High-tech EPO patent density (per million inhabitants) by region 2003-2004
Source: own calculations and illustration. Notes: Shapefile generation and polygon projection with ArcGIS
9.3.1. environment.
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150 3. Innovative Places, Research Clustering and Co-Agglomeration in Europe

and n > 1 EPO inventors (see figures 3.11 and 3.12).358 Europe is indeed characterized by
an increasing number of regions that became active in research/ patenting activity. The
lower percentiles (P30) have experienced an absolute increase of patent applications in
nearly all technology field aggregates since the 1990s (see tables 3.1, 3.2 and 3.3). The
percentile difference (P70-P30) has increased at the same time, which can only mean
that the absolute numbers of patent applications have essentially increased around P70 as
presented in table 3.3. However, the overall development is denoted by an overall increase
in research activity in Europe; and especially in formerly non-innovative and backward
regions below P50. This is highlighted in decreasing kurtosis and skewness indices, in
increasing shares of regions with n > 1 inventors and n > 0 EPO patent applications in
several technology fields (see table 3.3 and figures 3.11 and 3.12). Nevertheless, the main
objective of the analysis is to account for spatial heterogeneity, which favors population-
and area-weighted disparity indices (see section 3.4.2.3).

358 294.980 EPO inventors (18,25% of all registered inventors) are linked to high-technology patent ap-
plications for the period 1977-2004.
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3.4.2.2. Regional Patenting Activity and EPO Inventors in Europe

3.4.2.2.1. Patent Applications by Technology Field

Another interesting picture can be generated from the regional structure of EPO patent ap-
plications and EPO inventors according to technology fields (see section 3.3 and appendix,
tables B.2, B.3 and B.4 for methodological issues).

It is worth noting that, in the 1980s, almost each technology field within the regional popu-
lation (819 TL3 regions) was dominated by only a small fraction of European regions with
n > 0 EPO patent applications as illustrated in figure 3.11.359 Around 50 per cent of all
819 regions remain without a single patent application (fractional counting) in 32 technol-
ogy fields, even in the year 2004, which supports the impression that research/inventorship
activity is still highly concentrated across the population of 819 European regions. Figure
3.11 clearly highlights that the technology fields TF12 Paints & varnishes, TF2 Tobacco,
TF41 Watches & clocks, HT3 Laser are only present in 8-10% of all 819 European regions
in 2004. However, significant dispersion tendencies of EPO patent applications across the
European landscape of regions can be observed since 1977, although the technology fields
widely differ in their structural dynamics and overall geographic concentration. It has to
be noted that the propensity to patent widely differs across the technology fields. Accord-
ingly, all computed indices and measures for each technology field are hard to compare and
are thus presented separately.

With respect to individual technology fields, the lowest dispersion tendencies and thus the
highest concentration, in terms of regions with at least one single EPO patent application
across the sample, can be observed for the following technology fields: TF12 Paints & var-
nishes, TF41 Watches & clocks, TF2 Tobacco products, HT4 Laser, TF16 Man-made fibres,
TF5 Leather articles, TF4 Wearing & apparel, TF26 Weapons & ammunition, TF6 Wood
products and HT1 Aviation. These technology fields are characterized by (i) a rather small
amount of patent applications and (perhaps) (ii) a small propensity to patent.360 Thus,
it has to be assumed that these two properties affect inequality/disparity measures.361 In
opposition to these highly concentrated technology fields, meaningful dispersion tenden-
cies are observed for the following technology fields: TF21 Energy machinery, TF35 Signal
transm. & telecommunications, TF28 Office machinery & computers, TF38 Measuring
instruments, TF42 Motor vehicles, TF22 Non-specific purpose machinery, TF37 Medical
equipment, TF17 Rubber & plastic products, TF25 Special purpose machinery, TF13 Phar-
maceuticals and TF10 Basic chemicals. These technology fields are characterized by (i)
larger shares of regions that show at least one single patent application (n > 0) and thus
a higher dispersion across the 819 TL3 units, (ii) a larger number of IPC codes that form
the technology field, (iii) a larger number of EPO patent applications, and (iv) potentially
higher propensities to file patents at the EPO.362 Moreover, as expected, high-technology

359 A value of n > 0 patent applications is possible due to the fractional counting methodology.
360 However note that (ii) is not the main research question of this study.
361 It is clear that the market structure can have effects on the dispersion measures; industries and thus

technology fields that consist of a small number of firms tend to be relatively more concentrated
in space; although the inventor location information is used, inventors have a certain probability to
cluster around the applicant location.

362 Nevertheless, (iv) is not a central research question of this study.
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Table 3.3. Descriptives: Change of EPO inventors and patent applications by TF

Technology Field

�(P70-P30) 
(6)-(5) %

� kurtosis 
(8) %

� skewness 
(9) %

� HHI (10) 
%

�(P70-P30) 
(6)-(5) %

� kurtosis 
(8) %

� skewness 
(9) %

� HHI (10) 
%

SUM_44_TF 72,0% 50,4% 15,5% -5,6% 15,5% + 84,6% 11,6% -1,0% -16,3% 17,8% +
TF1_Food_beverages 71,6% -52,4% -27,7% -10,9% 34,3% ++ 100,0% -64,4% -38,4% -21,7% 39,6% ++
TF2_Tobacco_prod - 89,3% 61,1% 188,7% 30,0% ++ - -3,2% 3,3% 68,6% 40,5% ++
TF3_Textiles 100,0% -54,7% -35,7% -46,7% 13,1% + 0,0% -40,5% -28,7% -50,7% 11,9% +
TF4_Wearing_apparel - -47,6% -24,9% -38,2% 159,1% ++++ - -19,6% -12,3% -36,5% 227,8% ++++
TF5_Leather_articles - -3,3% -5,4% -49,8% 79,9% +++ - -30,1% -19,9% -53,1% 75,5% ++
TF6_Wood_prod - -19,2% -9,9% -19,7% 31,5% ++ - -53,5% -27,2% -24,0% 27,0% ++
TF7_Paper 0,0% -31,2% -18,6% -19,7% 15,3% + 100,0% -41,3% -26,0% -32,1% 32,6% ++
TF9_Petrol_prod_nucl_fuel - -38,1% -22,6% -30,5% 34,7% ++ - 42,4% 8,7% -24,2% 44,8% ++
TF10_Basic_chemical 16,9% -37,9% -24,1% -36,1% 16,8% + 43,8% -36,4% -23,6% -40,0% 17,9% +
TF11_Pesticide_agrochem_prod 66,7% 16,0% 3,7% -7,1% 3,3% + 0,0% -17,6% -9,2% -11,2% 12,4% +
TF12_Paints_varnishes - -85,5% -61,5% -57,3% -5,8% - - -71,7% -50,0% -57,5% 14,7% +
TF13_Pharmaceuticals 118,1% -46,2% -24,7% -24,6% 35,0% ++ 126,4% -57,7% -32,0% -29,9% 42,0% ++
TF14_Soaps_detergents - -51,8% -31,3% -36,4% 13,2% + - -62,4% -38,9% -45,6% 20,2% +
TF15_Other_chemicals 0,0% -8,8% -8,3% -17,4% -1,4% - 0,0% -33,6% -21,1% -31,3% 3,5% +
TF16_Man_made_fibre - -7,1% -10,1% -36,7% 28,9% ++ - -49,5% -28,9% -42,2% 18,7% +
TF17_Rubber_plastic_prod 33,6% 10,0% 1,5% -11,0% 21,2% + 52,1% -19,8% -9,7% -13,6% 21,1% +
TF18_Non-metal_mineral_prod 23,9% -47,1% -24,8% -23,5% 20,2% + 21,2% -58,0% -32,6% -28,3% 24,1% +
TF19_Basic_metals 28,6% -5,6% -3,8% -12,5% 14,8% + 25,0% -19,8% -11,6% -17,9% 21,1% +
TF20_Fabric_metal_prod 40,8% 6,7% 2,5% -6,5% 24,0% + 57,1% 25,8% 9,0% -7,9% 33,4% ++
TF21_Energy_machinery 61,7% 22,7% 12,1% 8,3% 31,7% ++ 112,0% -5,3% -1,3% 2,1% 35,7% ++
TF22_Nonspec_machinery 21,4% 609,4% 154,8% 33,2% 15,7% + 55,6% 367,4% 107,1% 21,6% 18,0% +
TF23_Agricul_forestry_machinery 68,8% 18,2% 11,2% 0,3% 28,0% ++ 50,0% 0,5% 5,9% 5,4% 39,9% ++
TF24_Machine_tools 41,2% 12,1% 7,4% 5,2% 15,5% + 75,0% -22,7% -14,7% -15,0% 23,7% +
TF25_Spec_purp_machinery 15,0% -44,2% -22,1% -13,3% 14,2% + 35,7% -61,9% -36,0% -23,9% 13,6% +
TF26_Weapons_ammunition - 11,3% 8,5% 9,2% 21,2% + - -40,4% -18,9% -13,2% 23,7% +
TF27_Domestic_appliances 106,3% 7,3% 6,3% -0,5% 38,3% ++ 166,7% 40,3% 17,8% 3,8% 50,2% +++
TF28_Office_mach_computers 130,0% 152,2% 55,6% 17,1% 49,4% ++ 180,0% 67,0% 24,1% -11,6% 68,0% +++
TF29_Electric_motors_generators - 68,7% 38,0% 22,3% 58,9% +++ - 34,2% 24,4% 14,2% 73,2% +++
TF30_Elec_distr_contr_wire_cable 93,7% -2,9% -3,6% -16,4% 21,7% + 50,0% -41,2% -21,3% -26,0% 33,1% ++
TF31_Accumulators_battery - -32,8% -10,3% -10,4% 88,2% +++ - -39,7% -14,0% -11,2% 129,0% ++++
TF32_Lighting_equipment - -8,4% -1,6% 3,9% 50,5% +++ - 4,3% 6,6% 17,3% 81,8% +++
TF33_Other_electr_equip 98,1% -9,1% -3,6% -17,6% 43,6% ++ 100,0% -15,1% -7,2% -23,5% 51,9% +++
TF34_Electr_components 182,3% -15,1% -8,5% -28,7% 51,3% +++ 200,0% -6,4% -4,8% -30,4% 61,4% +++
TF35_Signal_transm_telecom 152,0% -13,0% -7,5% -17,1% 48,8% ++ 250,0% -15,8% -9,9% -22,5% 61,1% +++
TF36_TV_radio_receiv_audio 72,6% 114,1% 48,1% 32,6% 50,6% +++ 200,0% 53,0% 22,4% -1,1% 70,8% ++
TF37_Med_equipment 116,8% -9,5% -7,5% -13,4% 31,4% ++ 128,6% 6,9% 1,2% -7,9% 46,9% ++
TF38_Measuring_instruments 70,1% 38,6% 13,6% -3,5% 27,9% ++ 100,0% 36,0% 12,0% -6,8% 31,7% ++
TF39_Ind_proc_contr_equip 100,0% 122,9% 51,3% 33,1% 41,9% ++ 100,0% 77,5% 42,0% 29,5% 39,9% ++
TF40_Opti_instruments 47,8% 439,4% 131,3% 63,4% 26,1% ++ 33,3% 496,8% 144,0% 76,0% 33,8% ++
TF41_Watches_clocks - 71,3% 33,6% 56,3% 26,1% ++ - 119,0% 48,4% 56,4% 40,3% ++
TF42_Motor_vehicles 80,0% 56,6% 30,9% 41,3% 27,9% ++ 133,3% 17,3% 10,3% 15,9% 35,5% ++
TF43_Other_transp_equip 92,2% 38,3% 19,5% 2,6% 36,2% ++ 100,0% 10,9% 12,2% 6,3% 53,1% +++
TF44_Furniture_consum_good 100,0% -20,1% -10,5% -17,1% 31,4% ++ 100,0% -25,4% -12,5% -18,1% 50,1% +++
SUM_hightech 157,2% -2,5% -3,1% -13,1% 36,7% ++ 181,8% -10,1% -7,3% -16,4% 48,7% ++
HT1_Aviation - 281,6% 89,5% 21,1% 59,3% +++ - 328,1% 96,2% 24,1% 96,0% +++
HT2_Computer_office_mach 244,7% 25,0% 7,2% -17,6% 71,6% +++ 350,0% 4,8% -2,3% -27,5% 99,4% +++
HT3_Laser - -58,1% -38,3% -55,3% 40,1% ++ - -21,5% -19,4% -50,2% 43,1% ++
HT4_Semiconductors 285,5% -7,1% -2,3% -18,7% 75,0% +++ 200,0% 27,0% 10,9% -15,0% 82,8% +++
HT5_Communication 214,5% 2,6% 0,5% -9,1% 62,5% +++ 200,0% -17,6% -9,7% -20,2% 83,8% +++
HT6_Microorgan_Genetics 120,9% 58,2% 19,3% -2,6% 34,2% ++ 153,3% 65,9% 20,9% -3,5% 44,5% ++

� regions with     
n>1 inventors     

(11) %

� regions with     
n>0 patents       

(11) %

EPO patent applications by IPC and technology field

%change 1990/1992 - 2002/2004

EPO inventors (unique inventor ID) by IPC and technology field

%change 1990/1992 - 2002/2004

Source: own illustration. Notes: Full counting of inventor IDs; database covers 819 OECD Territorial
Levels TL3 regions. For Belgium, Greece and the Netherlands, OECD TL3 corresponds to the EUROSTAT
NUTS2 level. For Germany, we make use of 97 “Raumordnungsregionen.” Inventor counting is based on
full counting. IDs are counted several times if inventor IDs correspond to several technology fields. EPO
patent application counting is based on fractional counting method. Patent IDs are counted several times
if the application ID correspond to several technology field aggregates.
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Fig. 3.11. Share of European regions with n>0 patent applications by TF
Source: own calculations and illustration. Notes: Fractional counting, 1977-2004; the population covers
819 European TL3 regions. Patent data generated by mySQL OECD RegPAT (2009) extractions and
application of ISI-SPRU-OST concordance. TL3 population data constructed from EUROSTAT REGIO,
OECD, ESPON and BBR data. For Belgium, Greece and the Netherlands, OECD TL3 correspond to
EUROSTAT NUTS2. For Germany, 97 “Raumordnungsregionen” are used (OECD, 2003).
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fields, such as HT3 Laser technology and HT1 Aviation technology, are much more con-
centrated in space compared to HT4 Semiconductors, HT6 Microorganisms & genetics,
HT2 Computer & office machinery or HT5 Communication technology. However, HT3
Laser and HT1 Aviation generally show a smaller number of EPO patent applications,
which implicitly affects the measures. An alternative extraction shows that only a few
European regions contribute with n > 9 EPO patent applications. Figure A.9 (appendix)
highlights the computed share of regions within the entire population of European regions
that have n > 9 yearly EPO patent applications since the 1980s. Generally, the overall
picture that emerges from figure 3.11 remains, although the share of regions with n > 9
patent applications is much smaller compared to n > 0.

3.4.2.2.2. EPO Inventors by Technology Field

A similar picture, compared to the distribution of EPO patent applications presented
in figure 3.11 (and A.9, appendix), is visualized in the following figure 3.12 (and A.10,
appendix).

Figure 3.12 shows the share of regions that have at least one inventor (n > 1 heterogenous
inventor IDs) according to technology field (respectively ten inventors in figure A.10, ap-
pendix). The larger the fraction of regions that correspond to this category, the more the
technology field appears to be dispersed across the 819 European regions in terms of inven-
tors; additionally, the TL3 regions can be thought of as being clusters (or agglomerations)
of inventors. Figure 3.12 (and A.10, appendix) clearly depicts that (i) several technology
fields are highly concentrated in space and (ii) that the utilization of inventor IDs also
represents an admissible proxy for research activity in cluster and location studies.363 To
conclude, the overall picture is one of dispersion as the number of regions with n > 1
registered EPO inventors has increased.

3.4.2.2.3. Revealed Technological Advantage by Technology Field

The previous extractions and computations only account for the absolute number of EPO
patents and hence for absolute specialization. As a result, nothing can be said about
relative specialization of regions. Therefore, alternative computations are applied: loca-
tion quotients (LQ)/ revealed technological advantage (RTA) indices and modified Gini
coefficients.

Relating to equation 3.4.4, figure 3.13 depicts the shares of European regions (%) by
technology field with a location quotient LQ > 1, i.e., a revealed technological advantage
RTA > 1. The figure clearly shows that the share (and number) of European regions with
RTA > 1 within the entire population of 819 European regions has increased since the

363 Note that the fractions reported in figures 3.12 and 3.11 (and A.10 and A.9, appendix) can differ,
because full counting of inventor IDs is applied in figure 3.12 (and A.10, appendix), whereas the
calculated shares in figure 3.11 (and A.9, appendix) are based on fractional counting of patent ap-
plications. Although a region hosts three inventors of a patent, each of them holds one third of the
patent. Accordingly, results from fractional and full counting are only identical when comparing the
share of regions with n > 0 patent application with the share of regions with n > 0 inventor IDs.
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Fig. 3.12. Share of European regions with n>1 inventor IDs by TF
Source: own calculations and illustration. Notes: Full counting, 1977-2004; the population covers 819
European TL3 regions. Patent data generated by mySQL OECD RegPAT (2009) extractions and applica-
tion of ISI-SPRU-OST concordance. TL3 population data constructed from EUROSTAT REGIO, OECD,
ESPON and BBR data. For Belgium, Greece and the Netherlands, OECD TL3 correspond to EUROSTAT
NUTS2. For Germany, 97 “Raumordnungsregionen” are used (OECD, 2003).
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year 1977. Further to this, figure 3.14 supports these findings and highlights the structural
change of the share of regions with RTA > 1. An overall increase of specialized regions
can be clearly observed.

The specialization analysis (i.e., LQ/ RTA) admittedly unveils that the share of regions
with RTA > 1 in a technology field i is in general smaller compared to the share of regions
that show at least a minimum EPO patenting activity (n > 0) as has been presented in
figure 3.11. Hence, it can be concluded that the share of regions with a strong relative
specialization (RTA > 1) is much smaller compared to the overall number of regions active
in research (n > 0) as presented in figure 3.11 (and figure A.9, appendix). When analyzing
figure 3.15 (and the alternative figure A.11, appendix), it is clearly visible that the numbers
(and shares) of regions with RTA > 1 compared to the number (and share) of regions with
n > 0 EPO patent applications has decreased during the last two decades (1988-90 vs.
2002-2004).364 These results indicate a relative decrease of specialized research locations
and innovative places (TL3 regions) in the European research landscape.

The following conclusions have to be drawn from the previous findings: (i) the number
of TL3 regions with strong specialization in a specific technology field (RTA > 1) has
increased within the entire population of 819 TL3 regions; (ii) a larger share of European
regions is involved in EPO patenting in the 2000s compared to the 1980s and 1990s; (iii)
the share of regions with RTA > 1 within the population of European regions with n > 0
EPO patent applications (in a specific technology-field) has decreased, which means that
Europe is characterized by ongoing dispersion and decreasing relative concentration and
specialization as the average level of patenting has increased in almost all technology fields
since the 1980s; (iv) high-technology fields have experienced very strong dispersion ten-
dencies since the 1980s, except some technology fields that in general show lower patenting
propensities (e.g., HT4 Laser, HT1 Aviation).

3.4.2.3. Regional Disparities of EPO Patenting Activity

3.4.2.3.1. Locational and Spatial Gini Coefficients by Technology Field

Besides the calculation of regional shares and other descriptives, modified Gini coeffi-
cients are used as they represents much more sophisticated inequality/disparity measures;
moreover, they satisfy several axioms as presented in the last section (see section 3.4.1).
Therefore, this section provides the results from the computation of spatial and locational
Gini coefficients (G∗

SPACE, G
∗
LOC). In this respect, the spatial distributional structure and

the concentration/disparities of EPO patenting activity in all 51 technology field aggre-
gates are analyzed.365 Figures 3.16 to 3.23 summarize the distributional characteristics of
European research/ inventorship activity by means of population weighted (yj) and areal
surface weighted (zj) Gini coefficients for the periods 1988-2004 (population weighted Gini)
and 1977-2004 (areal surface weighted Gini).366

364 Yearly values for all 51 technology fields have been extracted and calculated since 1977.
365 For a complete overview and list of abbreviations of all 51 technology field aggregates used in the

following graphs and tables see table B.4 (appendix).
366 Unfortunately, we are not able to calculate G∗

LOC for the full reference period from 1977 onwards due
to population data constraints.
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Fig. 3.13. Share of European regions with RTA>1 by TF
Source: own calculations and illustration. Notes: RTA>1 in EPO patent applications, 1977-2004; the
population covers 819 European TL3 regions. Patent data generated by mySQL OECD RegPAT (2009)
extractions and application of ISI-SPRU-OST concordance. TL3 population data constructed from EU-
ROSTAT REGIO, OECD, ESPON and BBR data. For Belgium, Greece and the Netherlands, OECD TL3
correspond to EUROSTAT NUTS2. For Germany, 97 “Raumordnungsregionen” are used (OECD, 2003).
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Fig. 3.14. Change (share) of European regions w/ RTA>1 by TF: 1988-1990 vs. 2002-2004
Source: own calculations and illustration. Notes: Sample covers 819 regions; change 1988-1990 vs. 2002-
2004; the population covers 819 European TL3 regions. Patent data generated by mySQL OECD RegPAT
(2009) extractions and application of ISI-SPRU-OST concordance. TL3 population data constructed from
EUROSTAT REGIO, OECD, ESPON and BBR data. For Belgium, Greece and the Netherlands, OECD
TL3 correspond to EUROSTAT NUTS2. For Germany, 97 “Raumordnungsregionen” are used (OECD,
2003).
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Fig. 3.15. Structure of European regions w/ RTA>1 of regions w/ n>0 patent applications
Source: own calculations and illustration. Notes: Calculations by technology field; change 1988-90 vs.
2002-04 and 1980-82 vs. 2002-04; the population covers 819 European TL3 regions. Patent data gener-
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Greece and the Netherlands, OECD TL3 correspond to EUROSTAT NUTS2. For Germany, 97 “Rau-
mordnungsregionen” are used (OECD, 2003).
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The following results can be reported: the technology fields TF12 Paints & varnishes,
TF2 Tobacco products, TF41 Watches & clocks, HT4 Laser, TF16 Man-made fibres, TF4
Wearing & apparel, TF5 Leather articles and TF26 Weapons & ammunition show strong
inequality (i.e., disparity) coefficients and thus strong spatial concentration within the
population of 819 European regions. In comparison, TF13 Pharmaceuticals and TF10
Basic chemicals show much lower G∗

LOC values; accordingly, these fields exhibit much
stronger dispersion within the regional population of regions (but also by a larger number
of patent applications).367

Another important result of the G∗
LOC computation, as illustrated in figures 3.16 and 3.17,

is that several technology fields are characterized by dispersion tendencies of inventorship
activity since the 1980s (e.g., TF10 Basic chemicals; TF13 Pharmaceuticals; TF28 Of-
fice machinery & computers; TF28 Electronic motors & generators; TF30-TF33; TF34
Electr. components; HT3 Computer & office machines; HT2 Communication technology;
HT6 Semiconductors). These tendencies are also identified by focusing on the two ag-
gregates

∑
44 TF and

∑
6 high-TF. However, several technology fields remain at a very

high level of concentration, when the Gini computation controls for population size; e.g.,
TF2 Tobacco; TF12 Paints & varnishes; TF26 Weapons & ammunition; TF41 Watches
& clocks; TF42 Motor vehicles; HT1 Aviation; HT4 Laser; TF40 Optical instruments;
TF39 Industr. proc. control equipm., among others. To conclude, G∗

LOC shows that the
distribution of EPO patent applications converges in the course of time to the distribution
of regional population for some technology fields. This development may result from a
higher patenting activity in peripheral areas or from a stronger core-affinity of population,
which causes shifts of the Lorenz curve; the latter case may mean that population has dis-
proportionately moved towards European urban regions and metropolises. Furthermore,
it should be noted that overall inequality persists at a very high level in many technology
fields. Thus, there are still many technology field-specific research and innovation activities
that are restricted to a minority of European regions as illustrated in figures 3.11, 3.16 and
3.17 (n > 0 patent applications). As a consequence, a large fraction of European regions
is still not engaged in research/inventorship activity at all. In summary, especially with
regard to figures 3.16 and 3.17, the technology field aggregates “

∑
44 TF” and “

∑
6 high-

TF” show that (i) EPO patent applications are in general increasingly dispersed across the
819 European regions and that (ii) the aggregate of all 6 high technology fields shows sim-
ilar dispersion tendencies across the 819 regions, although several technology fields remain
highly concentrated (e.g., HT4 Laser and HT1 Aviation). Additional time series, descrip-
tives, and national weighted Gini coefficients, e.g., for Austria, Belgium, France, Germany,
Italy, the Netherlands, Sweden, Switzerland and the United Kingdom, are presented in the
appendix. According to these additional computations, the above presented picture of a
general increasing dispersion of research activity remains for the majority of countries and
technology fields, although some of them show interesting deviations from the trend.

Finally, population weighted Gini indices (G∗
LOC) are highlighted for EPO patent applica-

tions in the 51 technology fields for two subgroups (NMS, EU-15+2) in figures 3.18, 3.19,
3.20 and 3.21. The figures present the yearly Gini indices (locational Gini). A comparison
clearly exhibits differing developments of the population-weighted Gini coefficients; the

367 TF28 and HT3 are very similar with respect to IPC codes; thus the Gini coefficients and inequality
dynamics are almost identical.
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NMS show a stronger decrease in disparities in several technology fields; especially in the
second half of the 1990s (see also the dynamic illustration in figure 3.27).
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170 3. Innovative Places, Research Clustering and Co-Agglomeration in Europe

Similar tendencies and conclusions can be reported for the areal surface weighted Gini
coefficient. The computed G∗

SPACE coefficients are illustrated in figures 3.22 and 3.23.
Although the levels and dynamics (%change) of G∗

SPACE differ to some extent from the
population weighted alternative (G∗

LOC), the coefficients still support the structures and
tendencies described above. Moreover, it can be concluded that higher levels of G∗

SPACE

compared to G∗
LOC imply that population characteristics essentially differ from areal sur-

face characteristics and may have changed since the 1980s. Areal surface, however, is time
invariant (constant regional surface). Complementary to G∗

LOC , the G∗
SPACE values show

strong decreases in the following technology fields: TF1 Food & beverages, TF7 Paper,
TF10 Chemicals, TF13 Pharmaceuticals, TF17 Rubber and plastics, among others. The
technology fields that remain concentrated at a constant level across the 819 European re-
gions are the following: TF2 Tobacco products, TF12 Paints & varnishes, TF41 Watches &
clocks, HT4 Laser, HT1 Aviation, TF11 Pesticides & agrochemicals, TF6 Leather articles,
TF14 Soaps & detergents, among a few others.

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



3.4. Geographic Concentration and Regional Disparities of Research Activities 171
.85.9.951 19

78
19

80
19

82
19

84
19

86
19

88
19

90
19

92
19

94
19

96
19

98
20

00
20

02
20

04
ye

ar

tf1
_f

oo
d_

be
ve

ra
ge

s
tf2

_t
ob

ac
co

_p
ro

d
tf3

_t
ex

til
es

tf4
_w

ea
rin

g_
ap

pa
re

l

.85.9.951 19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

ye
ar

tf5
_l

ea
th

er
_a

rt
ic

le
s

tf6
_w

oo
d_

pr
od

tf7
_p

ap
er

tf9
_p

et
ro

l_
pr

od
_n

uc
l_

fu
el

.85.9.951 19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

ye
ar

tf1
0_

ba
si

c_
ch

em
ic

al
tf1

1_
pe

st
ic

id
e_

ag
ro

ch
em

_p
ro

d
tf1

2_
pa

in
ts

_v
ar

ni
sh

es
tf1

3_
ph

ar
m

ac
eu

tic
al

s

.85.9.951 19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

ye
ar

tf1
4_

so
ap

s_
de

te
rg

en
ts

tf1
5_

ot
he

r_
ch

em
ic

al
s

tf1
6_

m
an

_m
ad

e_
fib

re
tf1

7_
ru

bb
er

_p
la

st
ic

_p
ro

d

.85.9.951 19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

ye
ar

tf1
8_

no
n_

m
et

al
_m

in
er

al
_p

ro
d

tf1
9_

ba
si

c_
m

et
al

s
tf2

0_
fa

br
ic

_m
et

al
_p

ro
d

tf2
1_

en
er

gy
_m

ac
hi

ne
ry

.85.9.951 19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

ye
ar

tf2
2_

no
ns

pe
c_

m
ac

hi
ne

ry
tf2

3_
ag

ric
ul

_f
or

es
tr

y_
m

ac
hi

ne
ry

tf2
4_

m
ac

hi
ne

_t
oo

ls
tf2

5_
sp

ec
_p

ur
p_

m
ac

hi
ne

ry

.85.9.951 19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

ye
ar

tf2
6_

w
ea

po
ns

_a
m

m
un

iti
on

tf2
7_

do
m

es
tic

_a
pp

lia
nc

es
tf2

8_
of

fic
e_

m
ac

h_
co

m
pu

te
rs

tf2
9_

el
ec

tr
ic

_m
ot

or
s_

ge
ne

ra
to

rs

.85.9.951 19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

ye
ar

tf3
0_

el
ec

_d
is

tr
_c

on
tr

_w
ire

_c
ab

le
tf3

1_
ac

cu
m

ul
at

or
s_

ba
tte

ry
tf3

2_
lig

ht
in

g_
eq

ui
pm

en
t

tf3
3_

ot
he

r_
el

ec
tr

_e
qu

ip

.85.9.951 19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

ye
ar

tf3
4_

el
ec

tr
_c

om
po

ne
nt

s
tf3

5_
si

gn
al

_t
ra

ns
m

_t
el

ec
om

tf3
6_

tv
_r

ad
io

_r
ec

ei
v_

au
di

o
tf3

7_
m

ed
_e

qu
ip

m
en

t

F
ig
.
3
.2
2
.
S
p
a
ti
a
l
G
in
i:

re
g
io
n
a
l
d
is
p
a
ri
ty

o
f
E
P
O

p
a
te
n
ti
n
g
b
y
T
F
(E

U
-2
5
,
C
H
,
N
O
)
(a
)

S
o
u
rc
e:

ow
n
ca
lc
u
la
ti
o
n
s
a
n
d
il
lu
st
ra
ti
o
n
.
N
o
te
s:

G
∗ S
P
A
C
E

b
y
te
ch
n
o
lo
g
y
fi
el
d
;
th
e
p
o
p
u
la
ti
o
n
co
ve
rs

8
1
9
E
u
ro
p
ea
n
T
L
3
re
g
io
n
s
(E

U
-2
5
,
C
H
,
N
O
).

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



172 3. Innovative Places, Research Clustering and Co-Agglomeration in Europe
.85.9.951 19

78
19

80
19

82
19

84
19

86
19

88
19

90
19

92
19

94
19

96
19

98
20

00
20

02
20

04
ye

ar

tf3
8_

m
ea

su
rin

g_
in

st
ru

m
en

ts
tf3

9_
in

d_
pr

oc
_c

on
tr

_e
qu

ip
tf4

0_
op

ti_
in

st
ru

m
en

ts
tf4

1_
w

at
ch

es
_c

lo
ck

s

.85.9.951 19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

ye
ar

tf4
2_

m
ot

or
_v

eh
ic

le
s

tf4
3_

ot
he

r_
tr

an
sp

_e
qu

ip
tf4

4_
fu

rn
itu

re
_c

on
su

m
_g

oo
d

.85.9.951 19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

ye
ar

ht
1_

av
ia

tio
n

ht
2_

co
m

m
un

ic
at

io
n

ht
3_

co
m

pu
te

r_
of

fic
e_

m
ac

h

.85.9.951 19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

ye
ar

ht
4_

la
se

r
ht

5_
m

ic
ro

or
ga

n_
ge

ne
tic

s
ht

6_
se

m
ic

on
du

ct
or

s

.85.9.951 19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

ye
ar

su
m

_4
4_

tf
su

m
_h

ig
ht

ec
h

F
ig
.
3
.2
3
.
S
p
a
ti
a
l
G
in
i:

re
g
io
n
a
l
d
is
p
a
ri
ty

o
f
E
P
O

p
a
te
n
ti
n
g
b
y
T
F
(E

U
-2
5
,
C
H
,
N
O
)
(b
)

S
o
u
rc
e:

ow
n
ca
lc
u
la
ti
o
n
s
a
n
d
il
lu
st
ra
ti
o
n
.
N
o
te
s:

G
∗ S
P
A
C
E

b
y
te
ch
n
o
lo
g
y
fi
el
d
;
th
e
p
o
p
u
la
ti
o
n
co
ve
rs

8
1
9
E
u
ro
p
ea
n
T
L
3
re
g
io
n
s
(E

U
-2
5
,
C
H
,
N
O
).

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



3.4. Geographic Concentration and Regional Disparities of Research Activities 173

Finally, the intra-national distributional dynamics of European regional research activity,
i.e., EPO patent application activity, are briefly described in the following figures 3.24
and 3.25. The dynamics of the whole aggregate are illustrated (“

∑
44 TF”). It can be

reasoned from the graphs in figures 3.24 and 3.25 that different national developments
exist. Some European countries have experienced a strong decrease in spatial inequal-
ity/disparity of patenting activity (e.g., Austria, Germany, France, Italy, Ireland, Spain,
Portugal, Slovenia, the Czech Republic, Poland, Latvia), whereas research distribution
follows an opposite direction in several countries (Finland, Netherlands, Sweden, United
Kingdom). The strongest decrease in inequality/disparity can be observed in the Czech
Republic, Ireland, Poland, Portugal and Slovenia. This is what people generally expect
from the past European enlargement rounds and the transformation processes. Moreover,
other countries show a rather stable, almost static distribution of research activity (Norway,
Slovakia, Malta, Belgium). Accordingly, it can be depicted from the graphs that different
U-shaped and inverted U-shaped patterns exist at the national level (e.g., Belgium, United
Kingdom, Hungary, Greece), which is quite similar to the distribution of GDP (see section
5.3 for an analysis of European income inequality dynamics).368 For comparison purpose,
complete Gini calculations for selected EU-15 countries and all 51 technology fields are
included in the appendix (see figures A.12 to A.29).

368 Following Martin (1998a), income differences among European Member States have been strongly
narrowing in the last fifteen years even if the process of global dispersion has been accompanied by a
significant widening of the inter-regional variance within single countries (see chapter 5). The same
is said to hold for research activity (refer to figures 3.24 and 3.25).
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3.4.2.3.2. Dynamics of Gini Coefficients by Technology Field

This section gives priority to the analysis of concentration/disparity dynamics of EPO
patenting activity since the 1980s, as the European Research Area seems to have “phys-
ically” expanded at the regional level by means of EPO patent applications (n > 0) by
region. The European Commission’s program is assumed to support convergence of regions
and thus to induce a decrease in regional disparities of research activity. The subsequent
figures 3.26 to 3.28 summarize technology-specific disparity/inequality dynamics in terms
of changing Gini coefficients (% change) between the 1980s and 2000s. Time-averaging
of the data reduces business cycle effects and depicts the structural change in regional
disparities (Combes and Overman, 2004). The reported results support the computed
Herfindahl-Hirschman measures for EPO patent applications and inventors (see tables 3.1
and 3.2).

Figure 3.26 highlights the dynamics of all 51 technology field aggregates under analysis
(see table B.4, appendix, for an IPC-TF concordance). The figure presents the technology-
specific G∗

LOC values ranked by their rate of change. The mean values of the yearly
Gini coefficients are used for constructing two periods: 1988-1990 and 2002-2004. It is
clearly visible that the strongest process of decreasing disparities and thus dispersion of
research/inventorship activity across the population of 819 regions concerns the follow-
ing technology fields: TF10 Basic chemicals, HT3 Computer & office machines, TF20
Fabricated metal products, TF13 Pharmaceuticals, TF33 Other electrical equipment, TF43
Other transport equipment, TF34 Electronic components, TF31 Accumulators & battery,
TF4 Wearing & apparel, HT2 Communication, TF35 Signal transmission & telecommu-
nications and TF18 Non-metallic mineral products. The skewed distribution of the tech-
nology fields TF26 Weapons & ammunition, TF12 Paints & varnishes, TF41 Watches &
clocks, TF2 Tobacco products, among others, remains more or less unchanged.

In addition, the subsequent bar chart (see figure 3.27) summarizes the change in G∗
LOC for

both the NMS and EU-15 group between 1988/1990 and 2002/2004. Complementary to the
previous graphs, the chart clearly demonstrates a relatively stronger decrease in regional
disparities in the NMS group in several technology fields, e.g., TF10 Basic chemicals, TF17
Rubber & plastic products, TF21 Energy machinery, TF25 Spec. purp. machinery, TF37
Med. equipment, TF42 Motor vehicles, SUM hightech (high-tech aggregate).

Similarly, the spatial Gini computation, G∗
SPACE, shows the same dispersion between 1988-

1990 and 2002-2004, although inequality levels and thus the ranking of technology fields in
terms of inequality coefficients differ from the G∗

LOC measure. The G∗
SPACE computations

show (i) higher inequality levels and thus concentration in space compared to G∗
LOC and

(ii) lower disparity dynamics (%change) due to a different reference distribution (regional
surface zj). The results are summarized in figure 3.28.

The change (%) in inequality/disparity for the technology fields under analysis, from 1988-
1990 to 2002-2004, is highest for the following technology fields: TF18 Non-metallic mineral
products, TF35 Signal transmission & telecommunications, TF10 Basic chemicals, TF33
Other electrical equipment, HT2 Communication, HT3 Computer & office machines, HT5
Microorganisms & genetics, TF19 Basis metals, TF28 Office machinery & computers.
Quite the contrary, TF26 Weapons & ammunition, TF41 Watches & clocks, TF2 Tobacco
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Fig. 3.26. Change (%) of locational Gini: regional disparities by TF (819 TL3)
Source: own calculations and illustration. Notes: G∗

LOC coefficient dynamics by technology field 1988-1990
vs. 2002-2004; the population covers 819 European TL3 regions.
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Fig. 3.27. Change (%) of locational Gini: regional disparities by TF in EU-15 and NMS
Source: own calculations and illustration. Notes: G∗

LOC coefficient dynamics by technology field 1988-1990
vs. 2002-2004; the population covers 123 NMS regions and the regions of the EU-15, CH and NO.
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Fig. 3.28. Change (%) of spatial Gini: development of regional disparities by TF
Source: own calculations and illustration. Notes: G∗

SPACE coefficient dynamics by technology field 1988-
1990 vs. 2002-2004; the population covers 819 European TL3 regions.

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



180 3. Innovative Places, Research Clustering and Co-Agglomeration in Europe

products, HT4 Laser, TF12 Paints & varnishes and TF14 Soaps, detergents do not high-
light decreasing dispersion across the 819 European regions.

With respect to single technology fields, severalG∗
LOC indices have declined much more than

their corresponding G∗
SPACE indices. This can be explained by the fact that population

characteristics changed differently compared to areal surface characteristics (see also the
explanation above). Areal surface is assumed to be constant (time invariant) for the
whole period of analysis. If population, in general, shows migratory movements from
rural (peripheral) areas to capital regions, whereas EPO patenting activity, in comparison,
generally shows increasing dispersion, it can be assumed that the population weighted Gini
coefficient decreases much stronger as opposed to its spatial counterpart.

To sum up, several conclusions can be drawn from the previous empirical analyses: (i)
technology-field specific research/inventorship activities highly differ in their distribution
across the entire population of 819 European regions; (ii) EPO patent applications and
EPO inventors are similarly distributed across the European landscape of regions; (iii)
the majority of regions only account for a few EPO patent applications and very small
shares of EPO inventors; (iv) the majority of high-technology fields show, by and large,
high levels of disparities and spatial concentration (i.e., Gini coefficients, HHI); (v) sev-
eral high-technology fields show strong dispersion tendencies between the 1990s and the
2000s (i.e., 1988/1990 vs. 2002/2004); (vi) the population corrected Gini (G∗

LOC) in gen-
eral shows stronger decreases opposed to the spatial Gini (G∗

SPACE), although dispersion
tendencies in terms of G∗

SPACE were extraordinarily high in the 1980s; (vii) both weighted
Gini alternatives clearly reveal a decline in regional disparities for a large fraction of the
51 technology field aggregates under analysis.

In presenting global disparity measures of EPO patenting activity for more than two
decades at the regional level, the reported results of the concentration/ disparity analysis
in this study offered detailed information about the distributional dynamics of patenting
activity (and implicitly research activity) by technology field across the entire population
of European regions. To conclude, the presented results clearly exhibit a decreasing dis-
parity and ongoing dispersion of research activity across the 819 European regions. To
complement these results, the following part of the chapter places special emphasis on the
identification of individual research clusters in the European landscape of regions (section
3.5). Therefore, a comparable and harmonized quantitative measure for research clustering
at the regional level is introduced. Furthermore, the subsequent analysis is conceptualized
to offer a short study on co-location and co-agglomeration of technology field-specific re-
search clusters.

3.5. Identifying Research Clusters and Co-Agglomeration in
Europe

3.5.1. Research Clusters, Cities and Inventorship

The previous part of the chapter was dedicated to the global distributional characteristics
of EPO patenting since 1977. Moreover, the previous analysis focused on the number of
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3.5. Identifying Research Clusters and Co-Agglomeration in Europe 181

regions that are engaged in research activities (EPO patent applications and inventors) by
technology-field. The calculations of several weighted disparity measures demonstrated a
meaningful dispersion of patenting activity across the 819 European regions. Additional
descriptive measures supported the general picture of dispersion of research activity in
Europe (and in the ERA).

However, the literature still lacks a harmonized research clustering measure at the regional
level. Therefore, this section places the emphasis on the identification of research cluster-
ing and the analysis of co-agglomeration of research activities. The existence of multiple
research clusters (i.e., co-agglomeration) in European regions will be analyzed in the fol-
lowing, i.e., the number of significant research clusters in terms of EPO patent applications
by technology field. This analysis is considered to additionally support the identification
of highly diversified European research clusters. Moreover, it is possible to identify such
research clusters at a very disaggregated spatial level (TL3 regions), which offers several
significant advantages compared with the aggregated NUTS1/2 levels. Thus, the central
idea of this section is to explore if research activity is predominantly present in a few
European research locations, which are determined by relative and absolute strength in
various technology fields. Therefore, a quantitative identification of research clustering in
the ERA and the analysis of structural dynamics of clusters take center stage.369 Related
to the proposed research questions, a quantitative “top-down” clustering analysis is applied
for several reasons. It enables us to identify and compare research clustering intensity for
the entire population of 819 TL3 regions in Europe for each of the aforementioned technol-
ogy fields.370 Moreover, the identified patenting activities (by inventor location) of every
single region can be related to the regional settlement structure (capital, metro, urban,
intermediate or rural region) (European Union, 2009; OECD, 2010). The analysis can
be used to explore the structural changes of the distribution of the identified European
research clusters in the course of time. Finally, the analysis helps to depict structural
differences in research/ patenting activity between European core regions and the NMS.

3.5.2. The Research Cluster Index

3.5.2.1. Constructing a Research Cluster Index

In the following, a composite “research cluster index” (RCIij) for EPO patenting activ-
ities in 50 technology fields for 819 European regions is proposed, which measures and
combines for each region its relative population (population corrected) patent density
(RPPDij), its relative spatial (space corrected) patent density (RSPDij), the revealed
technological advantage (RTAij), and its relative inventor density (RIDij). The different
(relative) coefficients are combined to the RCIij as presented in equation 3.5.1. The sug-
gested methodology builds upon the contribution of Litzenberger and Sternberg (2005),

369 No qualitative approaches will be applied, e.g., qualitative regional studies of inventor or firm networks,
in-depth case-studies on local knowledge bases, (half) structured interviews or regional knowledge
diffusion studies. Furthermore, the study does not make use of econometrics to analyze the effects of
research clustering.

370 It should be kept in mind that a top-down approach is applied and that the term “cluster” is used
although the more accurate term would be “research agglomeration.”
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Litzenberger and Sternberg (2006) and Litzenberger (2007), who have applied a similar
composite cluster index to German employment data.371

RCIij =
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patij is the number of patent applications at the EPO by priority date of region i in

technology field j;
n∑

i=1

patij represents the number of all EPO patent applications in the

spatial aggregate in technology field j; invij is the number of inventors in technology field

j in region i; ai represents the size of the spatial unit in square kilometers;
n∑

i=1

invij is the

number of heterogenous inventors in technology field j in the spatial aggregate; and popi
is the regional population.

(1) the “relative spatial patent density” (RSPDij) of region i with respect to the spatial
unit size ai is

RSPDij =
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(2) the “relative population patent density” (RPPDij) of region i, which is relative patent-
ing per capita, is

RPPDij =
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371 Defining a descriptive measure for clustering, i.e., a composite index, is at least as subjective as
measuring inequality, because clustering strength depends on the importance given to the chosen RCI
components. At least, it can be assured that the presented composite index is a harmonized measure
as the four RCI components are weighted identically. Unequal weights of the four RCI components
did not significantly change the relative ranking position of regions.
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(3) the “relative inventor density” (RIDij) of region i is given by

RIDij =
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(4) and the “revealed technological advantage” (RTAij) of region i is given by
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3.5.2.2. Interpretation of the Research Cluster Index

The four components, (1) relative spatial patent density (RSPDij), (2) relative population
patent density (RPPDij), (3) relative inventor density (RIDij) and (4) revealed techno-
logical advantage (RTAij) are multiplicatively combined. If RPPDij = 1, RSPDij = 1,
RTAij = 1 and RIDij = 1, then the research clustering index RCIij would be equal to
one, meaning that the region under analysis has an identical cluster strength compared
to the higher spatial aggregate (sum of all European regions). RCIij > 0 is observed in
case that all four components are non-zero. Ceteris paribus, RCIij decreases with spatial
unit size (ai). Moreover, regions with RPPDij > 1, RSPDij > 1 and RTAij > 1 may
suffer from low RIDij values; RIDij < 1 is observed in case that region i has a relatively
smaller inventor density (per million population) compared to the spatial aggregate (i.e.,
the 819 TL3 regions in ERA); e.g., region θA and θB show identical RPPDij, RSPDij

and RTAij values; however, region θA has a smaller RCIij if the regional inventor density
RIDij is smaller compared to region θB, although this region may show a larger number of
patent applications in the specific technology field compared to other regions. Thus, RCIij
increases c.p. with the relative number of heterogenous EPO inventors (unique inventor
IDs) in the region compared to the spatial aggregate, which is the European research area
(819 TL3 regions). Consequently, the RCI computation penalizes regions when large num-
bers of patent applications stem from a relatively small number of inventors within the
region, i.e., from a smaller population of researchers (Litzenberger and Sternberg, 2006;
Litzenberger, 2007). This effect can be interpreted as an effective control for potential
interaction between individuals. Thus, low RIDij values penalize RCI because one has to
assume that such regions have only low potentialities for interaction due to a small density
(relative number) of researchers.

The lower threshold level of RCIij is defined for identifying regional technology field-
specific research clustering with 1 < RCI ≤ 16; otherwise, RCIij ≥ 16 with RPPDij ≥ 2,
RSPDij ≥ 2, RTAij ≥ 2 and RIDij ≥ 2 represents the threshold level for significant
research clustering in European regions. Finally, if all coefficients are larger then three,
then we have RCIij > 81, which is defined as relatively strong research clustering in the
region (compared to the spatial aggregate). Following Litzenberger and Sternberg (2006),
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1 < RCI ≤ 16 represents potential research clustering. Therefore, only a few of the
four components need to show values larger than one. Regions that fulfill RCI > 1 with
RCI values close to one are considered to show at least research clustering potentialities.
Regions with RCI values that are significantly different from the threshold level RCI = 1
may be interpreted as stronger research clusters if their RCI values fulfill 1 < RCI ≤ 16.
16 < RCI ≤ 81 and RCI > 81 finally represent very strong cluster regions as several
coefficients within RCI have to be larger than one.

Furthermore, the RCI-based cluster study analyzes if urban and metropolitan regions tend
to host a much larger variety of technology field-specific research clusters compared to their
rural counterparts. Therefore, the analysis proceeds in linking the RCI to a regional settle-
ment typology (European Union, 2009; OECD, 2010). First, the 819 European TL3 regions
are classified into five categories: (1) urban regions, (2) intermediate regions, (3) rural re-
gions, (4) capital regions and (5) metropolitan regions.372 Second, the absolute number of
heterogenous technology-specific research clusters, with 1 < RCI ≤ 16, 16 < RCI ≤ 81
and RCI > 81, is calculated for each of the 819 European regions. It is expected that
metropolitan, capital and urban regions show much higher numbers of research cluster-
ing, and thus a higher diversity of technology fields, compared to rural regions, which
turns cities, capital regions and urban areas into “multi-technology-hubs” (i.e., diversified
research clusters). The results are presented in the next section.

3.5.3. Patent Data, Regional Typology and Technology Fields

In order to tackle the proposed research questions (see section 3.1 and chapter 1), a quan-
titative approach is applied which makes use of data on EPO patent applications and EPO
inventors for the period 1977-2004 at the level of OECD TL3 regions (see section 3.3 and
the appendix for more details). The patent data extractions and calculations are based
upon OECD RegPAT, January 2009 (Maraut et al., 2008). The analysis approaches the
spatial distribution of research clusters in the ERA (incl. Switzerland and Norway) by
explicitly measuring relative densities, intensities and specialization for each of the 819
European regions in 43 standard technology fields (Schmoch et al., 2003) and 6 high-
technology fields (EUROSTAT, 2009). However, it has to be clarified that the analysis is
solely using EPO patent application and EPO inventor data (1990-1994 and 2000-2004) to
compute and identify research clustering at the TL3 level of regions. Neither employment
data, nor input-output data, nor network data at the firm-level are used in this chapter.
Moreover, inter-regional or intra-regional relationships, based upon relational data, are
not challenged in this section. An alternative analysis based upon employment data or
product announcement data for the same period would maybe lead to differing results,
as clustering, in general, can also mean a significant concentration of production and em-
ployment without any research activity. Thus, the methodology and data in this study
completely ignore clustering of non-knowledge intensive activities and tasks. The results
are interpreted as the outcome of an alternative quantitative top-down analysis, which
nevertheless gives a global picture of European technology-specific research clustering and

372 Regions are first related to urban, intermediate and rural areas; second, these regions can additionally
fulfill the criteria for being a capital and/or metropolitan region.
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helps to identify and compare research clustering across the entire population of 819 Eu-
ropean regions. Finally, it is argued that case-specific analysis represents the only possible
way to obtain a complete picture and an in-depth understanding of regional set-ups, intra-
regional firm structures, employment and production structures, of the economic history
of a region (path dependency), of formal and informal relationships, and of changing and
time-invariant characteristics. However, such a qualitative analysis is beyond the scope
of this study as the performed analysis incorporates more than 800 regions. Accordingly,
a top-down approach is preferred, which implements a harmonized quantitative research
clustering analysis that is based upon EPO patent applications and additional regional
data.

3.5.4. Research Clusters in Europe by Technology Field

3.5.4.1. Global Statistics: Research Clusters by Technology Field and
Country

As the analysis of EPO patent densities and revealed technological advantage indices (RTA)
is considered to be unsuited for controlling for relative concentration, relative density and
the relative number of inventors at the same time, an alternative measure is needed. The
alternative has to combine information of several coefficients. Therefore, the RCI com-
putation, according to equation 3.5.1, helps to identify research clustering at the regional
level as it controls for relative densities and relative technological advantage at the same
time. In view of this, global clustering statistics are presented in the following.373

Concerning the absolute number and share of existing research clusters in the ERA by RCI,
the following figures 3.29 and 3.30 highlight the computational results for the predefined
technology field aggregates for the periods 1990-1994 and 2000-2004. The figures present
absolute numbers and (shares) of research clusters; large numbers are identified in the
following technology fields: TF44 Furniture & consum. good, TF17 Rubber & plastic prod.,
TF18 Non-metal mineral prod., TF25 Spec. purp. machinery, TF20 Fabricated metal prod.,
TF22 Nonspec. machinery, TF43 Other transp. equip., TF37 Med. equipment, TF6 Wood
prod., and TF19 Basic metals. In opposition, the technology fields TF2 Tobacco prod.,
TF41 Watches & clocks, TF11 Pesticides & agrochem. prod., TF14 Soaps & detergents,
TF12 Paints & varnishes, TF36 TV & radio receiv. & audio and TF42 Motor vehicles
represent the aggregates with a rather small number of research clusters.

In taking a more dynamic perspective, figure 3.31 summarizes the changing number of
research cluster regions by technology field between the 1990s and 2000s. It is obvious that
the absolute number of clusters has grown considerably across most technology fields, e.g.,
TF3 Textiles, TF4 Wearing & apparel, TF5 leather articles, TF6 Wood products, TF15
Other chemicals, TF30 Electr. distr. contr. wire cable, TF31 Accumulators & battery,
TF32 Lighting equipment, TF33 Other electr. equip., TF34 Electr. components, TF10
Basic chemicals, TF11 Pesticides & agrochem. prod., TF12 Paints & varnishes, TF13
Pharmaceuticals, TF14 Soaps & detergents, TF34 Electric components, TF44 Furniture

373 For a complete overview and list of abbreviations of all 51 technology field aggregates used in the
following graphs and tables see table B.4 (appendix).
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Fig. 3.29. Structure of research clusters by TF and RCI class, 1990-1994
Source: own calculations and illustration. Notes: share and number of research clusters by TF and TL3
region of all regions with 1<RCI≤16, 16<RCI≤81 and RCI>81; calculations based upon OECD RegPAT
(2009) database extractions and application of the ISI-SPRU-OST concordance.
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Fig. 3.30. Structure of research clusters by TF and RCI class, 2000-2004
Source: own calculations and illustration. Notes: share and number of research clusters by TF and TL3
region of all regions with 1<RCI≤16, 16<RCI≤81 and RCI>81; calculations based upon OECD RegPAT
(2009) database extractions and application of the ISI-SPRU-OST concordance.
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& consumer goods, HT1 Aviation, and HT3 Laser. In comparison, some technology fields
show a significant decrease in the absolute number of research clusters; e.g., TF1 Food &
beverages, TF2 Tobacco products, TF22 Nonspec. machinery, TF26 Weapons & ammuni-
tion, TF27 Domestic appliances, TF28 Office mach. & computers, TF35 Signal transm.
telecom., TF36 TV & radio receiv. & audio, TF38 Measuring instruments, TF39 Ind.
proc. contr. equip., TF41 Watches & clocks, TF42 Motor vehicles, SUM hightech (i.e., 6
high-technology fields) and HT2 Computer & office mach.
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190 3. Innovative Places, Research Clustering and Co-Agglomeration in Europe

With respect to higher RCI classes, the number of regions with RCI > 16 could be in-
terpreted as a threshold level for strong(er) research clusters. Figure 3.32 illustrates the
absolute number of technology field-specific clusters across the 819 European regions (first
graph), the share of the 819 European regions with RCI > 16 (second graph), the change
in absolute numbers, i.e. � regions with RCI > 16 (third graph), and the growth rate
(change %) of regions with RCI > 16 (graph on the right). The strongest increase in abso-
lute numbers can be observed for the following technology fields: TF3 Textiles; TF5 Leather
articles; TF6 Wood prod.; TF7 Paper; TF12 Paints & varnishes; TF13 Pharmaceuticals;
TF16 Man-made fibre; TF31 Accumulators & battery; TF44 Furniture & consum. good;
HT3 Laser; HT4 Semiconductors. However, the strongest decrease in absolute numbers is
observed for TF2 Tobacco prod.; TF11 Pesticides & agrochem. prod.; TF21 Energy ma-
chinery; TF22 Nonspec. machinery; TF24 Machine tools; TF26 Weapons & ammunition;
TF28 Office mach. & computers; TF36 TV & radio receiv. & audio; TF39 Ind. proc.
contr. equip.; TF40 Optical instruments; TF41 Watches & clocks; TF42 Motor vehicles;
SUM hightech. This picture is quite similar to the previously described development of the
number of regions with 16<RCI≤81 and RCI > 81 in figure 3.31.

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



3.5. Identifying Research Clusters and Co-Agglomeration in Europe 191

10
1 

66
 

11
9 

13
4 

11
4 

15
2 

11
8 

10
1 

99
 

57
 

95
 

10
8 

68
 

10
2 10

7 
13

6 14
1 

12
1 13

0 
11

3 11
5 12

2 
11

4 12
0 

10
7 

10
9 

84
 

10
2 

11
5 

11
4 

10
6 

10
5 

88
 

81
 

68
 

12
4 

11
5 

99
 

10
1 

52
 

77
 

12
9 13

6 
85

 90
 95

 
97

 
85

 
71

 
10

6 

0 
20

 
40

 
60

 
80

 
10

0 
12

0 
14

0 
16

0 

TF
1_

Fo
od

_b
ev

er
ag

es
 

TF
2_

To
ba

cc
o_

pr
od

 
TF

3_
Te

xt
ile

s 
TF

4_
W

ea
rin

g_
ap

pa
re

l 
TF

5_
Le

at
he

r_
ar

tic
le

s 
TF

6_
W

oo
d_

pr
od

 
TF

7_
P

ap
er

 
TF

9_
P

et
ro

l_
pr

od
_n

uc
l_

fu
el

 
TF

10
_B

as
ic

_c
he

m
ic

al
 

TF
11

_P
es

tic
id

e_
ag

ro
ch

em
_p

ro
d 

TF
12

_P
ai

nt
s_

va
rn

is
he

s 
TF

13
_P

ha
rm

ac
eu

tic
al

s 
TF

14
_S

oa
ps

_d
et

er
ge

nt
s 

TF
15

_O
th

er
_c

he
m

ic
al

s 
TF

16
_M

an
_m

ad
e_

fib
re

 
TF

17
_R

ub
be

r_
pl

as
tic

_p
ro

d 
TF

18
_N

on
-m

et
al

_m
in

er
al

_p
ro

d 
TF

19
_B

as
ic

_m
et

al
s 

TF
20

_F
ab

ric
_m

et
al

_p
ro

d 
TF

21
_E

ne
rg

y_
m

ac
hi

ne
ry

 
TF

22
_N

on
sp

ec
_m

ac
hi

ne
ry

 
TF

23
_A

gr
ic

ul
_f

or
es

try
_m

ac
hi

ne
ry

 
TF

24
_M

ac
hi

ne
_t

oo
ls

 
TF

25
_S

pe
c_

pu
rp

_m
ac

hi
ne

ry
 

TF
26

_W
ea

po
ns

_a
m

m
un

iti
on

 
TF

27
_D

om
es

tic
_a

pp
lia

nc
es

 
TF

28
_O

ffi
ce

_m
ac

h_
co

m
pu

te
rs

 
TF

29
_E

le
ct

ric
_m

ot
or

s_
ge

ne
ra

to
rs

 
TF

30
_E

le
c_

di
st

r_
co

nt
r_

w
ire

_c
ab

le
 

TF
31

_A
cc

um
ul

at
or

s_
ba

tte
ry

 
TF

32
_L

ig
ht

in
g_

eq
ui

pm
en

t 
TF

33
_O

th
er

_e
le

ct
r_

eq
ui

p 
TF

34
_E

le
ct

r_
co

m
po

ne
nt

s 
TF

35
_S

ig
na

l_
tra

ns
m

_t
el

ec
om

 
TF

36
_T

V
_r

ad
io

_r
ec

ei
v_

au
di

o 
TF

37
_M

ed
_e

qu
ip

m
en

t 
TF

38
_M

ea
su

rin
g_

in
st

ru
m

en
ts

 
TF

39
_I

nd
_p

ro
c_

co
nt

r_
eq

ui
p 

TF
40

_O
pt

i_
in

st
ru

m
en

ts
 

TF
41

_W
at

ch
es

_c
lo

ck
s 

TF
42

_M
ot

or
_v

eh
ic

le
s 

TF
43

_O
th

er
_t

ra
ns

p_
eq

ui
p 

TF
44

_F
ur

ni
tu

re
_c

on
su

m
_g

oo
d 

S
U

M
_h

ig
ht

ec
h 

H
T2

_C
om

pu
te

r_
of

fic
e_

m
ac

h 
H

T1
_A

vi
at

io
n 

H
T3

_L
as

er
 

H
T4

_S
em

ic
on

du
ct

or
s 

H
T5

_C
om

m
un

ic
at

io
n 

H
T6

_M
ic

ro
or

ga
n_

G
en

et
ic

s 

# 
re

gi
on

s 
w

ith
 R

C
I>

16
 (2

00
0-

20
04

) 

12
,3

3%
 

8,
06

%
 

14
,5

3%
 

16
,3

6%
 

13
,9

2%
 

18
,5

6%
 

14
,4

1%
 

12
,3

3%
 

12
,0

9%
 

6,
96

%
 

11
,6

0%
 

13
,1

9%
 

8,
30

%
 

12
,4

5%
 

13
,0

6%
 16

,6
1%

 
17

,2
2%

 
14

,7
7%

 
15

,8
7%

 
13

,8
0%

 
14

,0
4%

 
14

,9
0%

 
13

,9
2%

 
14

,6
5%

 
13

,0
6%

 
13

,3
1%

 
10

,2
6%

 
12

,4
5%

 
14

,0
4%

 
13

,9
2%

 
12

,9
4%

 
12

,8
2%

 
10

,7
4%

 
9,

89
%

 
8,

30
%

 
15

,1
4%

 
14

,0
4%

 
12

,0
9%

 
12

,3
3%

 
6,

35
%

 9,
40

%
 

15
,7

5%
 

16
,6

1%
 

10
,3

8%
 

10
,9

9%
 

11
,6

0%
 

11
,8

4%
 

10
,3

8%
 

8,
67

%
 

12
,9

4%
 

0,
00

%
 

5,
00

%
 

10
,0

0%
 

15
,0

0%
 

20
,0

0%
 

sh
ar

e 
re

gi
on

s 
w

ith
 R

C
I>

16
 (2

00
0-

20
04

) 

-0
,4

9%
 

-3
,1

7%
 

2,
32

%
 

0,
49

%
 

4,
03

%
 

1,
83

%
 

1,
95

%
 

0,
00

%
 

0,
85

%
 

-1
,4

7%
 

2,
08

%
 

1,
83

%
 

0,
49

%
 

0,
49

%
 

3,
42

%
 

-0
,4

9%
 

0,
98

%
 

-0
,2

4%
 

0,
24

%
 

-0
,9

8%
 

-0
,9

8%
 

0,
49

%
 

-1
,3

4%
 

-0
,3

7%
 

-1
,1

0%
 

-0
,4

9%
 

-2
,4

4%
 

-1
,2

2%
 

0,
85

%
 

1,
71

%
 

-0
,7

3%
 

0,
24

%
 

0,
73

%
 

0,
24

%
 

-2
,0

8%
 -0

,6
1%

 
-0

,2
4%

 
-1

,8
3%

 
-1

,2
2%

 
-1

,5
9%

 
-1

,3
4%

 
-0

,3
7%

 
1,

22
%

 
-1

,7
1%

 
-0

,4
9%

 
0,

24
%

 
3,

30
%

 
1,

83
%

 
-0

,6
1%

 
0,

61
%

 

-4
,0

0%
 

-2
,0

0%
 

0,
00

%
 

2,
00

%
 

4,
00

%
 

6,
00

%
 

%
po

in
t c

ha
ng

e 
re

gi
on

s 
w

ith
 R

C
I>

16
 

-4
 

-2
6 

19
 

4 
33

 
15

 
16

 
0 

7 
-1

2 
17

 
15

 
4 4 

28
 

-4
 

8 
-2

 
2 

-8
 

-8
 

4 
-1

1 
-3

 
-9

 -4
 

-2
0 

-1
0 

7 
14

 
-6

 
2 

6 
2 

-1
7 

-5
 -2

 
-1

5 -1
0 

-1
3 -1
1 

-3
 

10
 

-1
4 

-4
 

2 
27

 
15

 
-5

 
5 

-4
0 

-2
0 

0 
20

 
40

 

∆ 
R

eg
io

ns
 w

ith
 R

C
I>

16
 

F
ig
.
3
.3
2
.
S
tr
u
ct
u
re

a
n
d
ch
a
n
g
e
o
f
re
se
a
rc
h
cl
u
st
er
s
b
y
T
F
w
it
h
R
C
I>

1
6
,
2
0
0
0
-2
0
0
4
v
s.

1
9
9
0
-1
9
9
4

S
o
u
rc
e:

ow
n
ca
lc
u
la
ti
o
n
s
a
n
d
il
lu
st
ra
ti
o
n
.
N
o
te
s:

re
se
a
rc
h
cl
u
st
er
s
b
y
te
ch
n
o
lo
g
y
fi
el
d
,
2
0
0
0
-2
0
0
4
v
s.

1
9
9
0
-1
9
9
4
;
ca
lc
u
la
ti
o
n
s
b
a
se
d
u
p
o
n
O
E
C
D

R
eg
P
A
T

(2
0
0
9
)
d
a
ta
b
a
se

ex
tr
a
ct
io
n
s
a
n
d
a
p
p
li
ca
ti
o
n
o
f
th
e
IS
I-
S
P
R
U
-O

S
T

co
n
co
rd
a
n
ce
.

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



192 3. Innovative Places, Research Clustering and Co-Agglomeration in Europe

The study also offers RCI calculations for each European country (incl. Switzerland and
Norway). Absolute numbers of existing technology field-specific research clusters are calcu-
lated for every country and different RCI classes: RCI > 1, 1 < RCI ≤ 16, 16 < RCI ≤ 81
and RCI > 81. The definition/ grouping helps to enrich our understanding with respect
to the strength of research clustering at the regional level (see the methodological issues of
RCI computation in section 3.5.2). The subsequent table 3.4 (and table B.6, appendix) and
figure 3.33 summarize all identified research clusters in Europea and the ERA by country
and technology field.374

It is obvious from the following table 3.4 (period 2000-2004) that the majority of research
clusters (including tendencies) across the 819 European regions with RCI > 1 are located
in the highly industrialized EU-15 group. For the calculations for the period 1990-1994
see table B.6 (appendix). The leading countries (2000-2004) are Germany (2622 clus-
ter), France (1110), the Netherlands (264), Switzerland (970), Italy (884) and the United
Kingdom (1957). Ireland (42), Luxembourg (18) and Norway (145) show an intermediate
number of research clusters. Greece (5), Portugal (17) and Spain (107) represent rather
weak research cluster tendencies due to the small number of regions with RCI > 1. In
the NMS, the Czech Republic (23), Slovenia (88), Poland (27), Malta (8), Hungary (24)
and Latvia (4) show small numbers of research clusters with RCI > 1 across the 50 ana-
lyzed technology fields (compared to the EU-15), being at a level similar to Greece (5) and
Portugal (17). Estonia (2), Lithuania (3), Cyprus (2) and the Slovak Republic (5) do not
host any single significant research cluster that fulfills RCI > 1 in the 1990s. In the 2000s,
the only countries in the NMS group with a remarkable number of research clusters in
different technology fields are the Czech Republic, Poland, Slovenia and Hungary. Estonia,
Cyprus, Latvia, Lithuania and the Slovak Republic are characterized by very small num-
bers of research clusters.375 Nevertheless, changing the extraction criterion from RCI > 1
to RCI > 16 or RCI > 81 leads to a strong reduction of the overall number of European
research clusters as RCI > 1 also includes “weak” clusters and clustering “tendencies.”

Regarding stronger research clusters (i.e., RCI > 16), table 3.5 summarizes the share of
each country by technology field. First, the overall number of research clusters is sig-
nificantly smaller compared to the previous tables. Nevertheless, in the 2000s, Germany
(1551), Switzerland (677), France (547), Italy (399) and the UK (875) host the majority of
cluster regions (with RCI > 16). For the calculations for the period 1990-1994 see table
B.7 (appendix).

374 The number of identified research clusters is endogenous to the chosen RCI threshold level. The higher
the RCI threshold level, the smaller the number of national research clusters. Further information is
available upon request from the author. All regions with RCI > 1 and RCI ≥ 81 are reported. The
other classes may also represent strong research clustering. However, RCI > 1 is the lowest threshold
level of RCI (the index of the four multiplicatively combined coefficients has only to be larger than
one).

375 For a full description of country abbreviations see table B.3, appendix.
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3.5. Identifying Research Clusters and Co-Agglomeration in Europe 195

In taking a more dynamic perspective (i.e., a cross-country analysis), the change in the
number of clusters between the 1990s and 2000s has been calculated. Figure 3.33 highlights
the absolute change of research clusters across the 819 European regions but also the
growth rates of technology field-specific clusters by country and RCI group. It is obvious,
that especially the highly developed and formerly central industrialized European countries
exhibit decreasing numbers, e.g., the UK and France. On the contrary, the largest increases
of research clusters are observed in Poland, Slovenia, Spain, Latvia and the Czech Republic
(although at a very low level). Regarding absolute numbers, the strongest increases can
be observed in Austria, Belgium, Germany, Denmark, Spain, Finland, Italy and Slovenia
(see figure 3.33). Nevertheless, the majority of emerging clusters do not reach beyond the
RCI > 16 or RCI > 81 threshold level. The described dynamics are also illustrated for
each of the 50 technology field aggregates by country and RCI > 1 in tables 3.6 (change in
share) and B.8 (change in number, see appendix). The strongest relative decreases (national
share) are observed in leading European countries; e.g., Germany, Switzerland, France, the
Netherlands, Sweden, the United Kingdom and Italy. Moreover, the calculations clearly
demonstrate that especially France and the UK suffered from a significant decrease in the
share of research clusters with RCI > 1 between the 1990s and 2000s. Nevertheless, the
UK has experienced an absolute increase in research cluster regions since the 1990s in
almost all technology fields (see table B.8, appendix). However, the share of European
research clusters in the UK has decreased in the period (percentage points) due to a
higher average growth in the number of clusters in other European countries (see table
3.6).376 With regard to higher threshold levels of RCI (i.e., RCI > 16 and RCI > 81),
tables 3.7 and 3.8 summarize the change (percentage points) in country shares between the
1990s and 2000s. France and the UK are characterized by a relatively stronger decrease
in the shares, compared to Switzerland, Germany or Italy. Italy could increase its share
in several technology fields, similar to Denmark, Belgium, Austria, Norway, Finland and
Spain. Within the NMS group, only Slovenia, Poland, Malta and Hungary show technology
field-specific dynamics. Accordingly, the presented tables clearly highlight the differing
levels of regional development within the NMS group, irrespective of the RCI class (RCI >
1, RCI > 16, RCI > 81). To conclude, Cyprus, Estonia, the Slovak Republic, Lithuania
and Latvia are characterized by a slower growth in research clustering compared to the
other countries. Furthermore, the tables clearly demonstrate a persistent north-south
gradient; Greece and Portugal still host only small numbers of clusters. Nevertheless, in
opposition to Greece, Portugal shows a growing number (and share) of research clusters
(see tables 3.6, 3.7 and 3.8).

376 Nevertheless, one has to bear in mind that RCI > 1 represents a rather modest threshold level for
research cluster identification.
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Fig. 3.33. Change of research clusters by TF and country, 2000-2004 vs. 1990-1994
Source: own calculations and illustration. Notes: number and structure 2000-2004 vs. 1990-1994; cal-
culations based upon OECD RegPAT (2009) database extractions and application of the ISI-SPRU-OST
concordance.
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200 3. Innovative Places, Research Clustering and Co-Agglomeration in Europe

It can be concluded from the results illustrated in table 3.6 (and table B.8, appendix)
and figure 3.34 that the EU-15 group of regions (and countries) shows differing structural
dynamics compared to the NMS group. Figure 3.34 shows the changes in the absolute
numbers of research cluster regions by technology field from 1990-1994 to 2000-2004 for
three country groups; the EU-15, the NMS and Switzerland and Norway. The EU-15 coun-
tries experienced a significant increase in the absolute number of cluster regions. However,
at the same time, the group was characterized by relative losses (i.e., decreasing shares)
(see tables 3.6 - 3.8 and figure A.30, appendix). It can be concluded that the largest ab-
solute gains and losses have happened within the EU-15 group. In comparison, the NMS
group has increased the absolute number of research clusters in almost every technology
field between the 1990s and the 2000s, even in high-technology (i.e., HT1 Aviation, HT5
Communication, HT6 Microorg. genetics). Regarding RCI > 16 and RCI > 81, the calcu-
lations show stronger relative losses in the UK and France. Finally, figure A.30 (appendix)
highlights the change of research clustering by technology fields (percentage points). The
figure especially differentiates between RCI classes, i.e., 1 < RCI ≤ 16, 16 < RCI ≤ 81
and RCI > 81. It can be argued from the previous graphs and tables that the NMS show
gains in research clusters across a large fraction of technology fields (and RCI classes), even
in high-technology, although absolute growth (numbers) is remarkably smaller compared
to EU-15 countries, Switzerland and Norway.

To conclude, the presented “global” European cluster study also indicates noticeable issues
and shortcomings: (i) the calculations and presented results are highly dependent on the
applied spatial classification system; (ii) the calculations completely ignore region-specific
aspects (e.g., institutional differences, culture, policy, firm entry and exit - as this was
not the scope of the study); (iii) employment data have not been incorporated into the
cluster analysis due to insuperable data constraints; (iv) cluster boundaries are represented
by administrative boundaries. Despite these issues and shortcomings, the study is unique
because it allows a structural perspective on innovation/ research clustering across 819
European regions. Moreover, all (existing) “top-down” studies suffer from these limitations
and shortcomings, especially when they have to address several countries and technology
fields.

3.5.4.2. Local Statistics: Innovative Places and Leading Regions

Besides the presentation and discussion of global clustering statistics (previous section),
the RCI additionally offers the possibility to identify leading individual regions. However, a
comprehensive presentation and discussion of local clustering statistics for all 819 European
regions is beyond the scope of this study as the research questions are solely related to
global distributional characteristics and clustering dynamics. Accordingly, it is beyond the
purpose of this study to highlight and discuss all TOP10 or TOP20 regions for each of the
51 technology field aggregates in Europe.377 Therefore, the subsequent identification and

377 A presentation and discussion of 1000+ regions is clearly beyond the scope of this thesis. A complete
ranking of all 819 regions for each of the 50 technology field aggregates, which includes sorted RCI
values for 1990-1994 and 2000-2004, is available upon request.
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Fig. 3.34. Change of research clusters (RCI > 1) by TF and country, 2000-2004 vs. 1990-1994
Source: own calculations and illustration. Notes: change of number of research clusters by technology
field, 2000-2004 vs. 1990-1994; regions by RCI; calculations based upon OECD RegPAT (2009) database
extractions and application of the ISI-SPRU-OST concordance.
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202 3. Innovative Places, Research Clustering and Co-Agglomeration in Europe

presentation of research clusters is limited to a few selected technology fields, although the
following tables contain the TOP20 European regions (of all 819 TL3 regions).378

Ranking the 819 European regions according to their RCI values generates a list of leading
research cluster regions within the ERA as provided in the following five tables. For a
detailed descriptive overview, the subsequent tables 3.9, 3.10, 3.11, 3.12 and 3.13 summarize
the leading 20 European regions (TOP20) for the period 2000-2004, sorted by RCIij. It is
obvious that the ranked TOP20 European regions are mainly urban areas and metropolitan
and capital regions (see also table 3.14).

With respect to more classical industries and technology fields, a significant and strong
research clustering of the paper industry and the related technology field (TF7 Paper)
can be identified in, e.g., Nidwalden (CH005) in Switzerland. Similarly, Fribourg (CH022)
shows a high RCI in paper technology (see table 3.9).

Another classical technology field is TF5 Leather articles (see table 3.9). Clusters can be
identified in several Italian regions, e.g., Treviso (ITD34), Macerata (ITE33), Ascoli Piceno
(ITE34), Padova (ITD36), Venezia (ITD35), Prato (ITE15), Verona (ITD31) and Lecco
(ITC43). Accordingly, there is a clear dominance by Italian regions with respect to the
computed RCI values in TF5 Leather articles.

The technology field TF10 Basic chemicals (see table 3.9) is highly dominated by Ger-
man regions, e.g., Rheinpfalz (DE66), Unterer Neckar (DE68), Starkenburg (DE52), Köln
(DE44), Rhein-Main (DE51), Bayerischer Untermain (DE80), Rheinhessen-Nahe (DE64),
Hochrhein-Bodensee (DE78) and Südostoberbayern (DE97). Besides the German regions,
strong research clustering is observed in Graubünden, Switzerland (CH056), and the Bel-
gian region Brabant Wallon (BE31) and its capital region Brussels (BE10). Additionally,
the French region Rhone (FR716) and the capital region Paris (FR101) show high RCI
values. Finally basic chemicals research is present in the region of Copenhagen (DK001),
in the Finish region Ita-Uusimaa (FI162) and the UK region Southampton (UKJ32). Ac-
cording to table 3.9, the majority of the TOP20 regions are located in Germany.

The technology field TF41 Watches & clocks (see table 3.12) shows a clear dominance
of Swiss regions what people generally expect. In the 2000s, 14 regions of the leading
TOP20 regions are located in Switzerland; e.g., Neuchatel (CH024), Valais (CH012), Basel-
Landschaft (CH032), Solothurn (CH023), Basel-Stadt (CH031), Bern (CH021), Geneve
(CH013). Besides Swiss regions, France shows a very high RCI for the region Doubs
(FR431), i.e., in the city of Besancon, where a large fraction of French watch makers is
located. Moreover, the Jura region (FR432) and Haute-Savoie (FR718) show high values.

Concerning the technology field TF42 Motor vehicles (see table 3.13), a clear majority of
the TOP20 regions is located in Germany. Leading regions are, e.g., Stuttgart (DE72),
Bayerischer Untermain (DE80), Nordschwarzwald (DE71), Ingolstadt (DE89), Regensburg
(DE90), Mittlerer Oberrhein (DE70), Munich (DE93), Braunschweig (DE22), Ost-Würt-
temberg (DE73), Franken (DE69), Neckar-Alb (DE75). It is obvious that most of the listed
regions are located in Southern Germany, especially in Baden-Württemberg and Bavaria.

378 For a complete overview and list of abbreviations of all 51 technology field aggregates used in the
following graphs and tables see table B.4 (appendix).
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3.5. Identifying Research Clusters and Co-Agglomeration in Europe 203

Other leading European regions are the French regions Haute-de-Seine (FR105), Yve-
lines (FR103), the capital region Paris (FR101), Deux-Sevres (FR533) and Val-de-Marne
(FR107). Italy is also included in the TOP20 with the region of Torino (ITC11).

A well known example of high-tech research clustering is the Cambridge cluster in the
region Cambridgeshire CC (UKH12) in the United Kingdom, 85 kilometers away from
London. Cambridgeshire CC shows a strong research clustering in HT2 Computer & office
machines, HT3 Laser technology, HT4 Semiconductors, HT5 Communication technology
and HT6 Microorgan. & genetics. Thus, Cambridge is one of the leading research locations
within the ERA followed by regions such as Swindon (UKK14) and Bristol (UKK11) (see
table 3.13).

The high-technology field aggregate SUM hightech (see table 3.13) shows that especially
capital and metropolitan regions are among the leading units within the European re-
search landscape, e.g., Paris (FR101), Noord-Brabant (NL41) in the Netherlands, Uusima
(FI181) and Pirkanmaa (FI192) in Finland, Frederiksborg (DK003), Copenhagen (DK002),
and Copenhagen og Frederiksberg (DK001) in Denmark, and the German regions Munich
(DE93), Mittelfranken (DE86) and Aachen (DE45).

In the technology field HT1 Aviation (see table 3.13), multinational companies and highly
localized regional industries are present; e.g., Airbus, European Aeronautic Defense and
Space Company in Hamburg and Munich (Germany), in Ile-de-France, Haute Garonne,
Procence-Cote-d’Azur and Midi-Pyrénées (France).379 Accordingly, patenting activity in
aviation is highly visible in the French region Haute-Garonne (FR623) around Toulouse,
in Val-de-Marne (FR107) and Haute-de-Seine (FR105) around Paris. The German regions
Hamburg (DE06), Hamburg-Umland (DE14), Bremen (DE11), Bremen-Umland (DE15)
and Bodensee-Oberschwaben (DE79) show strong RCI values. The ranking of the TOP20
regions additionally contains several regions of the UK, e.g., the city of Bristol (UKK11)
and the neighboring region of North and North East Somerset and South Gloucester-
shire (UKK12), Coventry (UKG33), Somerset (UKK23), Blackpool (UKD42) and Buck-
inghamshire CC (UKJ13) (see also Scherngell, 2007).

The TOP20 regions in the technology field HT3 Laser (see table 3.13) are dominated
by 8 UK regions. Moreover, French clusters are located in the Greater Paris region and
the neighboring spatial areas, i.e., Essonne (FR104), Haute-de-Seine (FR105), Val-de-
Marne (FR107), and the capital region Paris (FR101). Berlin (DE30), Regensburg (DE90),
Schwarzwald-Baar-Heuberg (DE76), Ostthüringen (DE56) and Dortmund (DE39) are the
leading German regions in laser technology that hold a position in the TOP20 ranking.

Finally, strong cluster in HT5 Communication (see table 3.13) are mainly present in capital
regions and metropolitan areas, e.g., Paris (FR105), Munich (DE93), Stockholm (SE010),
Inner London (UKI11), Copenhagen (DK002) and Stuttgart (DE72).

To sum up, the reported rankings of the RCI values seem to correspond to reported results
of existing qualitative case studies and quantitative cluster studies for selected technology
fields and/or countries (see also Litzenberger and Sternberg, 2006; Fornahl and Brenner,

379 See also Scherngell (2007) and Fischer et al. (2009) for empirical results related to the geographic
concentration of EPO patent citations in the technology field aviation.
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204 3. Innovative Places, Research Clustering and Co-Agglomeration in Europe

2009). The TOP20 rankings in the tables especially highlight a clear dominance of Eu-
ropean research activity by German, French, Swiss and UK regions.380 The conducted
RCI analysis is regarded to complement existing studies as it allows to identify and com-
pare patenting activity at a very disaggregated level.381 Finally, for a comprehensive and
complete overview of all 51 technology-specific research clusters across the 819 European
regions refer to tables 3.9, 3.10, 3.11, 3.12 and 3.13.382

380 RCI ranking are computed for the period 1990-1994; the ranking shows a very similar structure to
the one presented above. The results are available upon request.

381 Regional variation is by definition completely lost in national studies and cross-country studies.
382 Further details are available from the author upon request.
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3.5.5. Co-Agglomeration of Research Clusters in Europe

Co-location and co-agglomeration of technology-specific clusters is another serious issue in
a European context because such studies do, to the author’s knowledge, not exist for the
entire population of 819 European regions.

The number of spatially co-located technology-specific research clusters can be interpreted
as a possible measure for the strength of co-agglomeration of regional research activity,
for diversity of region-specific knowledge pools and thus the existence of multi-technology
regions. The idea is to explore potential similarities and regularities of technology field-
specific clustering by contrasting regions’ ranking positions in all 50 technology field aggre-
gates, i.e., the geographic coincidence of the distributions. Therefore, the empirical analysis
uses the computed RCI indices of the 819 European regions (see section 3.5.2). Spearman
rank correlation coefficients are calculated for RCI by technology field. A high Spear-
man correlation coefficient (ρ ≤ 1) is obtained if the two distributions are quite similar.
Thus, the ranking position of each observation within two or more different technology
field-specific distributions has to be compared.383 After having studied 5 EU countries,
Maggioni et al. (2007) concluded that co-patenting activity, and patenting activity in gen-
eral, are similarly distributed across European regions. Similar conclusions are reported
by Scherngell (2007). Nevertheless, a detailed descriptive analysis of co-agglomeration has
not been incorporated in the mentioned studies.

The following analysis is focusing on technology field-specific research clustering indices
(RCI) at the level of European TL3 regions within a total population of 819 TL3 regions.
If a region has a low RCI value compared to other regions, it obtains a low ranking posi-
tion. The computation of Spearman rank correlation coefficients was executed for all RCIs
across all 50 technology fields for 1990-1994 and 2000-2004.384 The obtained correlation
coefficients illustrate the degree of similarity (overlap) of the respective RCI distributions
in two technology fields.385 It gives information, which technology fields reflect a similar
distribution/RCI ranking of the 819 European regions. For a better visualization, the color
intensity of the cells increases with the obtained Spearman correlation coefficient values
between two technology fields.

With regard to the main hypothesis, even a brief look at the correlograms illustrates
that there exists indeed a diversified clustering and thus co-agglomeration (co-location) of
several technology fields in the same regions, meaning that technology-specific RCI dis-
tributions geographically overlap. Figure 3.35 highlights the Spearman rank correlation
coefficients for all 50 technology field aggregates (see figure A.31, appendix, for the same

383 Spearman’s rank correlation coefficient is a non-parametric measure. It measures statistical depen-
dence between two variables. It tests how well a relationship between two variables can be described
using a monotonic function. In case of not identical values, a (perfect) Spearman correlation coeffi-
cient occurs (with +1, −1); then every variable is a perfect monotone function of the other. The n raw
scores Xi, Yi are converted to ranks xi, yi, and the differences di = xi − yi between the ranks of each
observation on the two variables are calculated. In the case of tied observations, i.e., observations with
identical parameter values (which happened frequently), the arithmetic average of the rank numbers
has to be taken.

384 For a complete overview and list of abbreviations of all 51 technology field aggregates used in the
following graphs and tables see table B.4 (appendix).

385 Spearman rank correlation analysis has been done with STATA 11.

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



3.5. Identifying Research Clusters and Co-Agglomeration in Europe 211

correlogram for the period 1990-1994). It can be concluded that regional centers and “hot
spots” of innovative activity seem to co-agglomerate with some regularity in similar re-
gions within the landscape of the European Union and the ERA. Several co-agglomerated
technology fields are identified: TF10 Basic chemicals, TF13 Pharmaceuticals, TF15 Other
chemicals, TF37 Medical equipment and TF38 Measuring instruments show high Spear-
man correlation coefficients. High parameter values can also be observed for TF42 Motor
vehicles and TF21 Energy machinery, which may be a result of technological relatedness
of these research activities. Another strong co-agglomeration seems to exist between TF28
Office machinery & computers and TF38 Measuring instruments. Moreover, the results
point to high Spearman correlation coefficients in the following technology fields: TF35 Sig-
nal transmission & telecommunication and TF28 Office machinery & computers. Finally
several machinery-related technology fields seem to co-agglomerate in similar regions, e.g.,
TF21 Energy machinery, TF22 Non-special purpose machinery, TF24 Machine tools and
TF25 Special purpose machinery.386 It can be concluded from the results presented in this
section that technology fields indeed co-agglomerate with a kind of regularity in European
regions. Thus, based upon RCI, some kind of geographic coincidence and regularity with
regard to the distribution of research clusters across the regions of the European Union
can be observed.

386 Positive Spearman correlation coefficients (co-location) are not only a statistical artefact due to similar
IPC fields. However, it has to be noted that the strong correlation coefficients between several
technology fields essentially depend on the IPC-technology field concordance and the similarity of
the built technology fields, which represents technological relatedness (Boschma and Frenken, 2009;
Frenken et al., 2009).
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3.5. Identifying Research Clusters and Co-Agglomeration in Europe 213

3.5.6. Research Clustering in Urban Areas and Capital Regions

The empirical results presented in the previous sections (e.g., the TOP20 regions) suggest
that mainly capital regions and urban and metropolitan areas represent leading European
research clusters. It has been argued by theoretical contributions, as presented and dis-
cussed in the theoretical literature review, that knowledge-intensive industries and research
clusters in large urban areas and agglomerations possess an ideal combination of connec-
tivity within global networks. Urban areas facilitate the exchange of codified knowledge
via research collaboration networks and increase the advantages of spatial proximity in
agglomerations due to an improvement of tacit knowledge exchange via localized networks
and social relationships (Ter Wal and Boschma, 2008). Moreover, dense regions offer sev-
eral crucial inputs and requirements, e.g., skilled labor, capital inputs, financial capital,
home market (Frenken and Hoekman, 2006; Neffke et al., 2009; Malecki, 2010).

Moreover, metropolises and urban areas seem to benefit from diversified industry struc-
tures. This hypothesis is of great interest with respect to the 819 European TL3 regions.
Accordingly, besides the global co-location analysis (see the former section), it has to be
analyzed if there is higher co-agglomeration of technology field-specific research clustering
in highly populated areas; i.e., in capital regions, metropolises and urban areas. Further-
more, it has to be analyzed whether the structures have changed considerably since the
1990s. Therefore, an analysis that explicitly controls for the regional typology may enrich
our understanding of co-agglomeration of industries/ technology fields. With respect to the
regional typology, 231 observations out of the entire population of 819 European regions are
classified as urban regions, 289 observations as rural regions and 299 observations as inter-
mediate regions. Moreover, an additional capital-metro-region concordance table is used.
According to this methodology, 63 capital regions and 330 metropolitan regions within the
entire population of 819 European TL3 regions can be extracted.387 Accordingly, each of
the 819 European regions is classified into the above presented five (partially overlapping)
categories. Besides an overall presentation, each settlement type is highlighted in a sepa-
rate figure which includes the following RCI intensity classes/ subgroups (see section 3.5.2):
RCI > 1, 1<RCI≤16, 16<RCI≤81 and RCI > 81. For completeness, figures A.32-A.36
(appendix) visualize the number of research clusters by regional settlement structure and
RCI class for the periods 1990-1994 and 2000-2004. Table 3.14 offers a summary statistic.

According to the calculations, urban regions, and especially capital regions and metropolises,
show a much higher technological diversity/variety in terms of technology field-specific
clustering, which can be interpreted as evidence for strong co-agglomeration. Table 3.14
highlights the number of research clusters by RCI class for the periods 1990-1994 and
2000-2004.

The 63 identified European “capital regions,” which host the capital cities of the member
states (or are at least located at a proximate distance), are showing diversified structures of
co-agglomerated research clusters (see table 3.14 and figure A.32, appendix). The table and
figure demonstrate that the structure and distribution within the group of capital regions
has not changed significantly since the 1990s compared to the 2000s. Between 1990-1994, 7

387 The 63 capital regions include regions that do not explicitly host the capital city, but functionally
belong to a larger capital region.
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Table 3.14. Co-agglomeration of research clusters and regional typology

region type RCI>1 1<RCI�16 16<RCI�81 RCI�81

rural 5,9 3,0 1,1 1,7

intermediate 10,3 5,1 2,2 3,0

urban 20,3 8,2 4,5 7,6

metro 17,0 7,5 3,7 5,8

capital 21,7 8,3 4,8 8,6

rural 69,2% 64,7% 42,2% 44,6%

intermediate 75,3% 71,6% 53,8% 58,9%

urban 92,2% 88,3% 79,2% 81,8%

metro 85,2% 83,0% 69,4% 72,4%

capital 88,9% 84,1% 73,0% 74,6%

rural 6,5 3,5 1,3 1,7

intermediate 11,2 5,7 2,2 3,2

urban 20,5 8,9 4,4 7,2

metro 17,8 8,3 3,8 5,8

capital 22,3 9,6 5,0 7,7

rural 71,6% 67,8% 46,0% 48,1%

intermediate 84,3% 78,3% 61,2% 61,9%

urban 95,2% 92,2% 86,1% 82,7%

metro 90,3% 86,1% 79,1% 74,5%

capital 92,1% 88,9% 77,8% 76,2%

1990-1994

% regions with n�1 cluster (by RCI)

% regions with n�1 cluster (by RCI)

average number of technol. spec. clusters by region and RCI

average number of technol. spec. clusters by region and RCI

2000-2004

Source: own calculations and illustration. Notes: calculations based upon OECD RegPAT (2009) database
extractions and application of the ISI-SPRU-OST concordance.

capital regions (11,1% of all 63 capital regions) host not any single research cluster; between
2000-2004, only 5 regions (7,9%) are without any significant research activity (RCI > 1).
When classifying all 63 capital regions into different classes of RCI, it can additionally be
shown that the class RCI > 81 is not fulfilled by 15 capital regions (23,8%) between 2000-
2004 compared to 16 regions (25,4%) between 1990-1994. Nevertheless, capital regions
generally fulfill the lower threshold level (RCI > 16) but also host strong research clusters
(RCI > 81).

Concerning “metropolitan regions,” 330 regions (out of 819) can be identified in total,
which fit into the classification of EUROSTAT (European Union, 2009) (see figure A.33,
appendix). Between 2000-2004, 32 metro regions (9,7%) do not host a single technology
field-specific research cluster (RCI > 1), compared to 49 regions (14,8%) in 1990-1994.
The highest threshold level (RCI > 81) of research clustering is not fulfilled by 91 re-
gions (27,6%) in the 1990s, whereas 84 regions (25,5%) remain without significant research
clustering (RCI > 81) in the 2000s.

In the following, for comparison purpose, the results with respect to the “urban-intermediate-
rural” classification are presented and discussed. In the case of “urban regions,” only 18
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European regions (7,8%) of all 231 urban European regions remain without research clus-
tering above the lower threshold level (RCI > 1) between 1990-1994 (see figure A.34,
appendix); between 2000-2004 the value decreased to 11 regions (4,7%). Even higher
threshold levels of the cluster index, i.e., RCI > 81, are fulfilled by a meaningful number
of regions; only 42 regions (18,2%) between 1990-1994 and 40 regions (17,3%) between
2000-2004 do not fulfill RCI > 81. Again, the results indicate that urban regions are,
on average, characterized by a large and increasing number of research clusters and thus
co-agglomeration.

The computational results for the group of “intermediate regions” in Europe are, however,
hard to interpret (see figure A.35, appendix). 74 regions (24,7%) of all 299 intermedi-
ate regions show no research clustering in 1990-1994 with RCI > 1. In comparison, 47
intermediate regions (15,7%) remain without any research clustering activity (RCI > 1)
between 2000-2004. Accordingly, a significant increase in the number and share of research
clusters in the population of intermediate European regions can be observed. However,
with respect to higher RCI classes, i.e., RCI > 81, 123 regions (41,1%) of all interme-
diate regions remain without a single technology field-specific research cluster between
1990-1994. Between 2000-2004, 114 intermediate regions (38,1%) remain without strong
clustering (RCI > 81).

Finally, the majority of European “rural regions” host only, if at all, very small num-
bers of research clusters. This tendency is, on average, accompanied by stronger absolute
and relative specialization of rural areas into a few technology fields, i.e., higher RTA
(and employment-based location quotients) (see figure A.36, appendix).388 89 rural ar-
eas (30,8%) are characterized by a lack of weak clustering tendencies(RCI > 1) in all
50 technology fields between 1990-1994, which supports the commonly known picture of
backwardness and lock-in of peripheral areas. Similarly, between 2000-2004, the number of
such backward regions has decreased to 82 (28,4%). In addition, 160 rural regions (55,4%)
between 1990-1994 and 150 regions (51,9%) between 2000-2004 do not fulfill RCI > 81.
These results are in line with the well known picture of spatial hierarchy (see, e.g., Fujita
and Ishii, 1999; Duranton and Puga, 2001; Trippl, 2009; Henderson, 2010).

Finally, figures 3.36 and 3.37 highlight the density functions of RCI > 81 for the 819
European regions for the periods 1990-1994 and 2000-2004, according to the regional ty-
pology. Comparing the density functions leads to the aforementioned conclusions. Capital
and urban regions de facto show a much more diversified clustering structure compared to
rural and intermediate areas, meaning that rural regions are, on average, more specialized
into a few technology fields.389

It can be concluded from the presented results that there exists considerable research clus-
tering and visible co-agglomeration of technology fields in the same regional units. Techno-
logical diversity, however, is mainly present in capital regions and urban and metropolitan
areas. It can be argued that concentration and co-agglomeration of research activities is

388 This is one reason, why sole relative specialization measures are left out of this study, as rural and
peripheral regions are, on average, more specialized but in absolute terms significantly below the
output and productivity levels of urban or metropolitan regions.

389 Density graphs have been generated with STATA 11.
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216 3. Innovative Places, Research Clustering and Co-Agglomeration in Europe

more likely to occur in highly populated areas, but is less likely to happen in rural Euro-
pean regions, which gives some support to Jacobs’ approach (see chapter 2, section 2.1.6.3).
Unfortunately, the study cannot offer statistical results related to the origins, causes and
effects of the observed distributions and the reasons for obvious co-agglomeration and
clustering in urban regions. One may interpret these results as (preliminary) descriptive
evidence that European cities and agglomerations generally offer a higher absolute and
relative number of highly skilled employees, researchers and networks, among other factors
that are crucial for regions’ research performance and development (see chapter 2.1).

Furthermore, the calculations show that technological diversity in research clustering is
especially present in the majority of European capital regions, e.g., Paris, London, Vienna,
Berlin, Copenhagen, Stockholm, Nord-Holland, Bern, Oslo, Dublin and close neighbor-
hoods. Exceptions are a few capital regions in the NMS (i.e., Budapest, Warsaw, Bratislava,
Vilnius) and Southern Europe (i.e., Athens), which still show only small values of research
clustering in both periods of analysis. In Southern Europe and the NMS, only Madrid,
Rome, Lisbon and Riga are characterized by research clustering in several technology fields.
Moreover, the dynamic analysis indicates that especially urban and metropolitan regions
have experienced high growth rates of research clustering between the 1990s and 2000s.
Another result of this comparative analysis is that rural regions in general do not show a
diversified technology and research base and that a large fraction of rural European regions
remains without research clustering in the 1990s and 2000s.

To conclude, research clustering, according to the former results, seems to exist predomi-
nantly in the capital regions, metropolises and urban regions of the EU-15, but it can also
be increasingly observed in capital regions, metropolises, and secondary (urban) growth
poles in the NMS, which is in line with the concept of regional development and convergence
(see also Williamson, 1965; Henderson, 2010).390

390 For more details on regional development and inequality refer to the empirical analysis in chapter 5.
For a review and alternative analysis refer to, e.g., Szörfi (2007).
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Fig. 3.36. Density function of clusters with RCI > 81, 1990-1994 and 2000-2004
Source: own calculations and illustration. Notes: Each of the 819 European regions can host up to 50
research clusters with RCI > 81.
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Fig. 3.37. Density function of clusters with RCI > 81, 1990-1994 and 2000-2004
Source: own calculations and illustration. Notes: Each of the 819 European regions can host up to 50
research clusters with RCI > 81.
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4. European Co-Patenting Networks and

Inter-Regional Linkages

4.1. Analyzing European Research Collaborations

It has been evidenced by several studies that human activities cluster in space. Applied
research and scientific tasks are no exception to these tendencies (Frenken et al., 2009; Mag-
gioni and Uberti, 2009; Hoekman et al., 2010). In light of the empirical results presented
in chapter 3 and the identified research gaps, the spatial patterns of research collaboration
and inter-regional co-patenting networks within Europe are of central interest. However,
Harris (2008, 22) recently argued that

“[r]esearch on agglomerations/clusters has focused on the internal characteristics and

mechanisms in those places and diverted attention from the necessary distinct, even

global, linkages that competitive places require.”

From a statistical point of view, the subsequent study analyzes whether patenting activity
is characterized by significant positive spatial dependence, meaning not only that the dis-
tribution of research activity in geographic space is highly skewed (chapter 3, sections 3.4
and 3.5), but also that innovative places and research clusters are neighbored by centers of
research excellence, which may result in significant positive spatial autocorrelation. There-
fore, the exploration of the relational aspect of patent data in the context of European
regional neighborhood structures is a topic of central interest.

The development of geographic information systems (GIS) has had a central influence
on spatial data analysis, especially in regional studies. The existing technical abilities
to capture and explore geo-spatial data are co-evolving and advancing with databases and
data-intensive studies. GIS environments support the computation of spatial relationships,
e.g., distance decay effects, travel times and connectivity matrices. Accordingly, GIS helps
to visualize and explore spatial data. Spatial statistics can be applied in order to analyze
EPO patenting activity at the regional level. Accordingly, this section is considered to
enrich our understanding of research clustering and regional spillovers and to complement
the results from the previous chapter (sections 3.4 and 3.5).

Furthermore, a closer look at spatial interdependence of patenting activity, i.e., spatial
relationships, is of central interest (section 4.2). It is argued that not only is technological
knowledge created within randomly distributed European research locations and isolated
clusters but also that it emerges from research collaborations between leading innovative
places, which means that research locations are increasingly interconnected. The study of
European co-patenting activities analyzes an important relational aspect of patent statis-
tics with regard to the co-invention process. Co-inventorship, i.e., co-patenting activity,
is a process that involves the exchange of both codified and tacit knowledge (chapter 2,
section 2.1.7). Thus, it implies a series of both long-distance relationships (transaction
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220 4. European Co-Patenting Networks and Inter-Regional Linkages

linkages) between inventors and face-to-face knowledge transmissions at a proximate dis-
tance (chapter 2, section 2.1.7.3) (see also Maggioni et al., 2007; Hoekman et al., 2009).
According to the classification in chapter 2, transaction externalities and proximity exter-
nalities are more likely to occur in both cases besides the formal R&D co-operation. In
view of this, a closer look at research collaboration activities between European countries
and regions seems to be fruitful, as theoretically discussed in chapter 2 (see sections 2.1.7.4
and 2.1.7.5). Therefore, the structures and dynamics of co-patenting activities with for-
eign co-inventors in the ERA are analyzed at the national and regional level. The analysis
also incorporates the inter-regional research collaborations of multinational corporations
(section 4.3). If, e.g., European researchers from different national research locations col-
laborate as co-inventors within the same company, then the co-patent is also included in
this study.391 A significant absolute and relative increase in foreign co-inventor activity
can be interpreted as a sign for increasing effectiveness and efficiency and a way towards
the ERA. For this reason, co-patenting activities with foreign researchers are analyzed in
section 4.3.4. Moreover, the analysis identifies the numbers and shares of research linkages
(and knowledge flows) within the ERA (which may induce spatial autocorrelation).

In light of the above presented issues and the presented theoretical arguments (chapter 2,
sections 2.1.7.4 and 2.1.7.5), section 4.3.4 tries to find empirical evidence for the follow-
ing research questions: (i) Which countries show the highest absolute number and share
of co-patenting linkages? (ii) Have European member states increased their co-patenting
(research) activity with foreign countries in absolute and/or relative terms? The explana-
tory spatial data analysis is related to the different theories on core-periphery structures
reviewed in chapter 2, section 2.1, and contributes to the empirical studies presented in
sections 2.2.2, 2.2.3 and 2.2.7.

Besides co-patenting activities and research collaborations between European countries,
the analysis also gives priority to the identification of inter-regional research collaborations
across the European area in section 4.3.5.

The major contribution of the empirical analyses in chapter 3 (sections 3.4 and 3.5) was
to demonstrate that research activity is mostly a regional phenomenon. In this regard,
national innovation indicators (e.g., patent densities and patent intensities) are only reflec-
tions of research activity that varies extraordinarily at the regional level. Aggregated data
at the national level can be regarded as a severe loss in variation due to aggregation from
the regional to the national level. This issue is also relevant to relational data analysis, i.e.,
co-patenting analysis. Further to this, the reviews in chapter 2 indicated that collaborative
activities (i.e., scientific co-publications and EPO patent citations) are highly sensitive to
physical distance. In view of these results, the review of the empirical literature on Euro-
pean co-patenting activity (chapter 2, section 2.2.7) has unfolded the need for additional
research.

From a co-patenting perspective, especially with regard to research clustering, the analysis
of European research network structures and the identification of potential core-periphery
structures in Europe is of pivotal interest. The existence of core-periphery structures may
be reflected by so-called “scale-free networks” that exhibit power-law distributions (skewed
degree distribution) but not the desired bell-shaped distributions (Poisson law) (Bergman,

391 See Frietsch and Schmoch (2006) for methodological issues.
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4.1. Analyzing European Research Collaborations 221

2009). In this respect, the analysis places special emphasis on the calculation of global
network statistics for each technology field and the identification of important regional
knowledge hubs and central inter-regional co-inventor linkages in technology-specific co-
patenting networks. As such, the results of the national co-patenting analysis in section
4.3.4 will be enriched by a detailed analysis of research collaboration linkages, i.e., co-
patenting networks, at the regional level. It is assumed that not all European regions
are identically integrated into inter-regional research networks in the ERA. As has been
shown by many case studies and regional studies, regional networks (and especially local-
ized networks) have their particular characteristics and thus differ tremendously in their
functioning and set-up (Ejermo and Karlsson, 2004; Frietsch and Schmoch, 2006; Saxenian,
2007).392 However, a comprehensive analysis of co-patenting linkages between (and within)
European regions improves the understanding of regional interdependence in the research
and patenting processes. In light of this, the regional co-patenting study aims to identify
and analyze the spatial structures and dynamics of inter-regional co-patenting activities.
In the following, several motivations related to an analysis of knowledge flows via research
collaborations at the level of European TL2 and TL3 regions are exposed (OECD, 2003,
2006).

A strong motivation for exploring European research collaborations in terms of networks
(i.e., co-patenting networks) is based upon the fact that spatial data in general show strong
spatial autocorrelation (see section 4.2) (Fotheringham et al., 2002; Anselin, 2007; Hauser
et al., 2008). However, a significant fraction of spatial dependence of EPO patenting
activity is mainly a statistical artifact that emerges from the localization and fractional
counting method of patent data. Spatial dependence increases with the fraction of patents
that are characterized by co-inventors from neighboring regions. In this respect, the usage
of relational (network) data has the advantage that it builds upon a direct relation with the
theoretical conceptualization of the structure of spatial dependence (Anselin, 1988b; Ponds
et al., 2010). Section 4.3.4 will show that the share of national EPO patents with foreign
co-inventors is today, on average, still below 30-40%. However, the share of EPO patents
with co-inventors from more than one region within the same country may be beyond
this threshold. Accordingly, if co-inventors are located in a proximate neighborhood, then
spatial dependence may be significant and positive. In light of this, the analysis of network
structures, opposed to spatial econometrics, has the advantage that it addresses the origin,
i.e., the real structure, of spatial dependence of patenting (and research) activities. Thus,
co-inventor network analysis does not simply assume an “ad hoc” spatial structure (Anselin,
1988b; Ponds et al., 2010). As empirical research on the geographical dimension of these
networks also stresses the importance of inter-regional and border-crossing collaboration
linkages, technology-specific co-inventor networks are assumed to differ in their structure
and dynamics (see Bergman, 2009; Ponds et al., 2009; Hoekman et al., 2009, 2010). In
view of this, such an analysis has to be accomplished for each technology field separately.
Accordingly, the following analysis offers a clear hypothesis and potential explanation,
for why patent statistics and regional knowledge production functions are in most cases
characterized by significant positive global and local spatial autocorrelation. The existence
of significant spatial interdependence needs an economic explanation that goes beyond the
common knowledge spillover story (see chapter 2) that solely incorporates an additional

392 See also Saxenian (1990) and Hotz-Hart (2000).
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spatially weighted control, i.e., “black boxes,” for economic treatment. On account of that,
the co-inventor network analysis and the global and local network statistics in this study
challenge spatial interdependence in terms of co-patenting network structures within and
between European regions (counties and districts) and their respective larger aggregates.
It will be shown that the analysis of technology-specific EPO co-patenting networks is
a key approach to understanding the spatial peculiarities of research collaboration, co-
inventorship and spatial dependence at the level of European regions.

Furthermore, inter-regional co-inventorship networks and collaboration linkages represent
the counterpart of industry agglomerations and innovation clusters, as theoretically dis-
cussed in chapter 2 (section 2.1.7.5). Research clustering and inter-regional knowledge
pipelines seem to represent two sides of the same coin (Maggioni et al., 2007; Maggioni
and Uberti, 2009). The network analysis is fruitful, as it sheds light on the inter- and
intra-regional connectedness of regions in terms of research linkages and the centrality of
regions in the European co-patenting network. Significant research clusters, the so-called
core units of the networks, as well as peripheral regions, can be identified and analyzed.
From a core-periphery perspective, it is then a central issue to depict the hub-and-spoke
structure of technology fields and their development in the course of time. Today, some
European regions represent weak and decentralized network nodes, whereas other spatial
units are obtaining a “gatekeeping” position in certain technology fields. Additionally,
some smaller and/or larger regions could represent “multi-technology hubs” due to their
diversified research structure and strength in several technology fields. It is argued that
the co-location/co-agglomeration of technology-specific research network nodes in specific
places determines the birth, growth and decline of research clusters (Maggioni et al., 2007).
In view of this, there exists anecdotal evidence from case studies and other empirical con-
tributions, which argue that technology-specific research structures in the ERA have been
undergoing significant structural changes since the mid 1990s. In this respect, the restruc-
turing and integration of regions from the NMS and other formerly poor(er) European
regions into European technology-specific co-inventor and research networks seem to be
crucial. The study addresses these points and contributes with findings on European
technology-field-specific research networks. Figure 4.1 shows the conceptual base of the
aforementioned aspects and the following empirical analysis.

Moreover, it seems to be difficult, perhaps impossible, to separate (pure) knowledge spillovers
from agglomeration and network economies, although several authors have discussed, crit-
icized and finally contributed to the “black box” issue of knowledge transmission (see,
e.g., Jaffe et al., 1993; Breschi and Lissoni, 2003, 2006, 2009). The separation between
pure knowledge spillovers and semi-compensated knowledge flows that originate from a
research collaboration is conceptually impossible, because knowledge sourcing via formal
research collaboration linkages may enable both transmission channels (see chapter 2, sec-
tion 2.1.7).

The European Union’s member states make use of significant public expenditures to sup-
port inter-regional long-distance research collaborations in order to push the ERA (see
Box 1.1) and to induce coherence of European research activities in a geographic context
by coordinating local, inter-regional, national and European research activities. Moreover,
policy programs with the aim of strengthening local and regional innovation potentialities
have become very popular during recent years. This circumstance is based on the idea that
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Fig. 4.1. Inter-regional knowledge pipelines and co-patenting network linkages
Source: own illustration.
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localized research activities and collaborations induce positive externalities of information
and knowledge which are conducive to innovative capacities and regional growth. Addi-
tionally, regional programs on spatial clustering and regional networking could strengthen
pecuniary externalities and thus improve the attractiveness of research locations. However,
there is a significant gap in research on core-periphery structures of patenting networks
and the changes in European inter-regional research collaborations in a technological and
spatial context.

According to the above-presented issues, section 4.3 tries to find empirical evidence for
the following research questions: (i) Is Europe characterized by a significant increase in co-
patenting activities and research collaborations between European regions since the 1990s?
(ii) Do technology fields differ in their overall network size? (ii) Which regions represent
the most essential leaders in technology-specific inter-regional co-patenting activity? (iv)
Which regions represent crucial within- and between-network bridges (hubs)? (v) Are
European regions “multi-technology network hubs” that are characterized by a diversified
technology base? The co-patenting study is related to the theoretical concepts reviewed in
chapter 2, section 2.1.7, and contributes to the empirical studies presented in section 2.2.7
(and section 2.2.2).

The chapter is organized as follows. In a first step, the study offers an empirical analysis of
spatial interdependence of European patenting activity at the regional level (section 4.2). In
a second step, the study proceeds with an in-depth analysis of EPO co-patenting activity
(section 4.3). Therefore, the study highlights the development of co-patenting activity
with foreign co-inventors since the 1980s at the national level for the EU-25 countries,
Switzerland and Norway (section 4.3.4). Moreover, at a more disaggregated level, the
study offers a detailed analysis of the structures and dynamics of inter-regional co-patenting
networks by technology field (section 4.3.5). Finally, local network statistics are discussed
4.3.6.393

4.2. Spatial Interdependence of European Patenting Activity

4.2.1. Measuring Spatial Interdependence

4.2.1.1. Explanatory Spatial Data Analysis

Regarding the observed global disparities of European regional patenting activity (chap-
ter 3, section 3.4) and the spatial distribution and strength of identified research clusters
(section 3.5), it can be argued that strong research clustering is solely present in a few
European regions. Moreover, it seems that these leading innovative places are defined by
strong spatial proximity to each other and maybe interdependence. Therefore, it is neces-
sary to determine the strength of spatial interdependence, i.e., the strength and significance
of spatial autocorrelation of regional EPO patenting activity by technology field at the TL3
level.

393 Network analysis has been performed with the Codeplex NodeXL software.
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4.2. Spatial Interdependence of European Patenting Activity 225

From a methodological point of view, spatial analysis and spatial econometric tools distin-
guish between the presence of spatial dependence and spatial heterogeneity (Anselin and
Florax, 1995; Keilbach, 2000; Andersson and Gr̊asjö, 2009).394 Spatial dependence is an
econometric issue that can be found in almost every data set that contains spatial infor-
mation. The value of an attribute in one location depends on the value of the attribute
in neighboring locations (regions). Measures of spatial dependence challenge this issue by
applying global instruments, which means that the presence of (global) spatial dependence
is tested for the entire population of observations (Anselin and Florax, 1995; Brunsdon
et al., 1998; Fotheringham et al., 2002). Spatial (inter-)dependence is said to partially
depend on measurement problems of regional activity and is in most cases statistically re-
laxed in regional production functions by allowing for spatial externalities (e.g., spillovers
between regions). The following sections especially account for this problem by addressing
the treatment, implementation or alternative explanation of spatial dependence regarding
research/ patenting activity (Anselin, 1988a; Anselin and Florax, 1995; Andersson and
Gr̊asjö, 2009). A common but serious issue with regional data stems from the fact that
economic activities are generally not bounded by administrative borders (the aggregation
level may represent the origin of spatial dependence). That being the case, economic ac-
tivities show inter-regional functional relationships (Anselin, 1988a; Anselin and Florax,
1995). Box 4.1 presents a short definition of spatial interdependence.

The measure of spatial relationships depends crucially on the aggregation level. Thus, so-
cial and economic processes are assumed to vary across geographic space, which underlines
the idea of changing tastes in preferences, incentives, different administrative characteris-
tics, varying institutions, among other factors. As such, the lack of spatial (global) stability
can lead to problems in regressions. In light of this, ESDA and spatial econometric methods
have to bridge significant global spatial mechanisms (global interdependence) and local spa-
tial peculiarities (spatial heterogeneity) (Brunsdon et al., 1998; Fotheringham et al., 2002;
Zimmerman, 2003). Moreover, the statistical results are endogenous to aggregation and
zoning of spatial units (see section 4.2.1.2) (Keilbach, 2000; Arbia, 2001; ESRI, 2010).395

394 See also Cliff and Ord (1973), Anselin (1988a), de Smith et al. (2007) and ESRI (2010).
395 Spatial heterogeneity exists if spatial processes are not uniform and thus not global (Anselin and

Florax, 1995; Fingleton et al., 2007).
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Box 4.1: Spatial Interdependence and Autocorrelation

Consider three neighboring regions Y1, Y2 and Y3 that can be aggregated. The regions’
economic activities are interrelated by the following spatial mechanisms/process:

YA = Y1 + φY2 (4.2.1)

YB = Y3 + (1− φ)Y2

The equations demonstrate that the output YA and YB of the statistical units are interrelated
via the spillover parameter φ, which influences neighboring regions’ output. Accordingly, re-
searchers directly link the presence of spatial dependence (autocorrelation) to regional unit
size (aggregation and zonation). Moreover, it is assumed that small spatial units can also
crucially influence the output of neighboring regions, although their absolute size seems neg-
ligible. Opposed to autocorrelation in common time-series analysis, the highlighted spatial
processes are two-dimensional, which means that processes are bi-directional and influence
spatial units via spillovers. Recent debates center econometric tools that implement “black
boxes” of spatial mechanisms (Keilbach, 2000; Arbia, 2001; Andersson and Gr̊asjö, 2009).

4.2.1.2. Spatial Analysis and the Modifiable Areal Unit Problem

The “modifiable areal unit problem” (MAUP) is a central issue in the analysis of spatial
data (e.g., patent statistics), which are arranged in geographic zones, and where the con-
clusion depends on the size of the units (Puga, 2010; Arbia and Petrarca, 2010; ESRI,
2010).396 As a consequence, MAUP has to be recognized as a serious problem in geograph-
ical economics. Spatial data analyses often involve the usage of aggregated spatial units
(i.e., regions). Consequently, the usage of administrative units may represent generally ac-
cepted modeling convenience or statistical data collection issues rather than homogeneous
regions. On account of that, the spatial units are modifiable or arbitrary and represent
artifacts related to the degree of spatial aggregation or the (policy driven) (re-)modification
of boundaries. In this respect, administrative regions are inferior in dealing with spatial
mechanisms opposed to functional units. The empirical and theoretical problem arises be-
cause the statistical results directly depend on the classification of zones. The aggregation
of point data into (larger) zones of different size and shape may lead to opposite conclu-
sions. In empirical studies, the MAUP is then a serious source of statistical bias which
can radically determine the statistical inference. Consequently, MAUP can induce and
change spatial association between two variables (Keilbach, 2000; Arbia, 2001; Arbia and
Petrarca, 2010). Although the MAUP has been discussed since the 1950s, it was prelim-
inarily challenged by Openshaw and Taylor (1979) and Openshaw (1984), among others,
and is today increasingly applied in regional studies.397 The problem is especially crucial
when aggregated data are used for spatial statistics or mapping, in which false interpre-

396 For further discussions and applications related to MAUP see Anselin and Florax (1995), Anselin
et al. (1996), Keilbach (2000), Arbia et al. (2005), Dewhurst and McCann (2007), Puga (2010), Arbia
and Petrarca (2010) and Guillain and Le Gallo (2010).

397 Openshaw (1984, 3) concluded that “[...] the areal units (zonal objects) used in many geographical
studies are arbitrary, modifiable, and subject to the whims and fancies of whoever is doing, or did, the
aggregating.”
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4.2. Spatial Interdependence of European Patenting Activity 227

tations are possible.398 MAUP is directly related to the issue of ecological fallacy/bias.
MAUP-based ecological bias enters the analysis (and data) as two separate effects that
occur simultaneously. First and foremost, the “scale effect” by MAUP leads to variation
in statistical results between different levels of spatial aggregation (NUTS1 vs. NUTS2
vs. NUTS3). Accordingly, statistical association between variables essentially depends
on the size of regions. In general, the correlations between observations are assumed to
increase with the size of regions (i.e., a loss in variation due to aggregation and averaging).
Second, the “zonation effect” represents variation in spatial correlation statistics due to
the (re-)grouping of regions into different zones (spatial boundaries) at the same scale of
analysis (Arbia et al., 2005; Dewhurst and McCann, 2007). For the European case, this
issue is a serious one when applying the standard NUTS classification. The effects from
agglomeration economies and the existence of spatial interdependence between regions is
endogenous to the size of sub-national administrative areas. To challenge this issue, the
analysis has explicitly abandoned the NUTS classification. In this study, all regional data
have been recalculated according to the OECD TL3 classification which has several advan-
tages compared to the standard NUTS classification system (see chapter 3, section 3.3).
Figure 4.2 illustrates the origin of the MAUP.399

(a) equal distribution and mini-

mum concentration

(b) unequal distribution and in-

termediate concentration

(c) unequal distribution and high

concentration

Fig. 4.2. Aggregation, zones and concentration measures
Source: own illustration.

4.2.1.3. Neighborhood Effects, Distances and Weight Matrices

For identifying and analyzing potential spatial interdependence, spatial statistics generally
use different ways of implementing spatial proximity and neighboring structures. The main
idea of “spatial weights” is to incorporate potential influences from neighboring regions
(Arbia, 2001; Scherngell, 2007; Breschi, 2008).400 However, the computation and modeling

398 Several fields of science (especially human geography) try to disregard the MAUP when drawing
inferences from statistics based on aggregated data.

399 For illustrative examples refer also to Keilbach (2000), Arbia (2001), Dewhurst and McCann (2007)
and ESRI (2010).

400 For an overview of distance concepts refer to Keilbach (2000), de Smith et al. (2007), OECD (2009a)
and ESRI (2010).
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228 4. European Co-Patenting Networks and Inter-Regional Linkages

of spatial weights can be accomplished by using several alternative distance concepts.401 As
such, the assumptions about the underlying “spatial interactions” and “spatial processes”
determine the choice of the distance concept.402

Different neighborhood concepts assume different spatial processes of economic activity.403

In general, all listed concepts are tested in order to find the most significant weight/distance
concept. The subsequent empirical analysis follows this approach and applies the men-
tioned distance concepts to the applied spatial EPO patent application database for all
819 European regions (see section 4.2.2). Selected statistical tools from explanatory spa-
tial data analysis (ESDA) are discussed in section 4.2.1.4.

Contiguity based matrices or “polygon contiguity” are a central instrument for modeling
spatial interdependence of observations (e.g., regions) (Anselin, 2006; Scherngell, 2007).
Polygon contiguity represents the neighboring relationship between two or more regions
that either share an administrative boundary (edge) or a common corner (node). In com-
parison, second- (third-) order contiguity takes into account second- (third-) order neigh-
borhood. The applied contiguity matrices are binary (see 4.2.2).

wij =

{
1, if i and j share a common border with (i �= j)

0, otherwise.
(4.2.2)

W denotes a spatial weighting matrix and element wij = 1 if two spatial units i and j
share the same border; wij = 0 if not. W is an n × n weight matrix, where n represents
the overall number of regions. The diagonal elements of W are zero; moreover, region i
will never be its own neighbor. Additionally, the weight matrix is symmetric (i.e., i is a
neighbor of j, and vice versa).404

Interdependence between regions can also be implemented by assuming that regions are
surrounded by an identical number of influencing units k (see 4.2.3).

wij =

{
1, if dij ≤ dimi

0, otherwise.
(4.2.3)

If k is set to m, then each region has exactly m neighboring regions; these m neighbors are
selected in terms of geographical distance, e.g., polygon contiguity distance. For simplifi-
cation purpose, the m neighbors are assumed to perform an identical influence on region
i (row standardized). However, if k is defined exogenously, dense and central units that
have many neighbors, e.g., the European core regions, will show only k neighboring regions.
Peripheral units, in opposition, will show relatively higher spatial dependence due to the

401 It is important to note that the choice of the distance concept is highly related to the economic
question under analysis.

402 Consequently, the measured spatial interaction is endogenous to the ex ante defined weight concept,
which means that different weights have to be tested. Finally, the most significant weight should be
chosen based upon objective selection criteria, e.g., spatial LM statistics, among others.

403 Table B.5 (appendix) summarizes different ways of dealing with spatial distances and neighboring
relations between observations.

404 See also Keilbach (2000), de Smith et al. (2007), Freund (2008), OECD (2009a) and ESRI (2010) for
more details.
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4.2. Spatial Interdependence of European Patenting Activity 229

ex ante assumption of m neighboring regions, irrespective of their real spatial distance.
Accordingly, k-nearest neighbor distance computation produces a weight matrix that ar-
tificially increases spatial influence of peripheral regions, which is in opposition to simple
first- or second-order contiguity due to ignored variation in feature density (Anselin, 2006;
Scherngell, 2007). With regard to this shortcoming, k-density will not be applied in the
subsequent analyses.405

Furthermore, “distance bands” are common alternatives to contiguity distance (Anselin,
2006; Scherngell, 2007). In implementing distance bands, spatial processes have an ex ante
geographically limited range of influence in terms of a cut-off threshold ϑ. Only those
regions are incorporated that are located within a predefined spatial distance band ϑ, e.g.,
kilometers, miles, travel time (see 4.2.4).406

wij =

{
1, if dij ≤ ϑ

0, otherwise.
(4.2.4)

As most data show distance decay effects of spatial autocorrelation, a common application
is to compute and test nth-order distance bands with varying cut-off threshold levels ϑ.
Distance decay effects then solely depend on the predefined distance bands’ range ϑ (e.g.,
100km, 200km, 300km).

4.2.1.4. Spatial Dependence and Regional Spillovers

Spatial autocorrelation statistics measure the degree of dependency between spatial units.
These statistics primarily assume a spatially random distribution of the values under anal-
ysis. Then, structures and patterns of spatial dependence are typically depicted from the
underlying data. The presence of spatial (auto-)correlation can be addressed by spatial
summary statistics that are incorporated in ESDA software environment (ESRI, 2010).

The most popular and widely used measures of spatial interdependence are the Moran’s I
and Geary’s C statistic (Arbia, 2001; Anselin, 2007; Guillain and Le Gallo, 2010).407 Spatial
autocorrelation statistics, such as Moran’s I and Geary’s C, are global indices. They esti-
mate the overall degree of spatial autocorrelation for a population of regions (Anselin, 2007;
Guillain and Le Gallo, 2010). Spatial autocorrelation means that neighboring observations
of the same phenomenon are correlated. In opposition to time-series autocorrelation, spa-
tial autocorrelation is about proximity (and similarity) in two-dimensional space (latitude,
longitude). That being the case, spatial autocorrelation is more complex. The correlation
is two-dimensional and bi-directional as observations influence each other. However, the
origins and working channels of spatial dependence (and bi-directional spatial processes)
in models are not easy to define, as they can originate from, e.g., knowledge spillovers,

405 See also de Smith et al. (2007), Freund (2008), OECD (2009a) and ESRI (2010) for more details.
406 See also Freund (2008), OECD (2009a) and ESRI (2010) for more details.
407 Moran’s I is a measure of spatial autocorrelation introduced by Patrick A.P. Moran (1950). It

represents a viable alternative to the Theil index, known from concentration studies, although it lacks
the decomposability (Brakman et al., 2005). Refer also to Moran (1950), Cliff and Ord (1973), Arbia
(1989) and Getis and Ord (1992). For an overview see Keilbach (2000), OECD (2009a) and ESRI
(2010).
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230 4. European Co-Patenting Networks and Inter-Regional Linkages

co-patenting linkages between two regions, or regional labor market effects within large
functional areas. Spatial statistics solely take into account the neighboring characteristics
of regions (Anselin, 1995; Rey and Montouri, 1999; Fingleton, 2000). Nevertheless, these
statistics provide evidence on “global” spatial correlation for a predefined population of re-
gional units, but also for other forms of functional misspecification, e.g., heteroscedasticity
(Arbia, 2001; Fingleton et al., 2007). The calculation of spatial dependence depends on
information regarding the functional relationship between locations. It requires the defini-
tion of a spatial weight matrix that reflects the intensity of regional interdependence in an
ex ante defined spatial neighborhood; e.g., the distances between neighbors, the lengths of
shared regional borders, or whether the regions fall into a predefined directional class such
as “north,” “east,” “south” or “west.” Orthodox spatial autocorrelation statistics compare
the spatial weights to the covariance relationship at pairs of locations. Spatial autocorrela-
tion that is more positive than expected from random distribution indicates the existence of
clustering.408 More generally, the presence of such spatial interdependence induces spatial
autocorrelation problems in regional statistics and econometric applications. Regression
analysis that does not compensate for spatial interdependence maybe suffers from unstable
point estimates and unreliable inference (Arbia, 2001). As a consequence, spatial regression
models are applied to capture spatial relationships and to avoid such issues. Accordingly,
it is appropriate to define spatial dependence as a pivotal source of information rather
than something to be simply corrected by spatial tools (Arbia and Petrarca, 2010).409 In
this respect, spatial statistics help to identify, quantify and understand the spatial nature
of economic processes (e.g., patenting activity, regional growth processes) (Anselin, 1995;
Rey and Montouri, 1999; Arbia, 2001).

Equation 4.2.5 shows the standard Moran’s I statistic for spatial autocorrelation with
(xi− x̄) being the deviation of an attribute for the feature i from its mean value; wij is the
spatial weight between feature i and j with i �= j and n equals the total number of units
(Cliff and Ord, 1973; Anselin, 1995). The coefficient can be standardized (see equation
4.2.7).410

I =
n

S0

n∑
i=1

n∑
j=1

wi,j(xi − x̄)(xj − x̄)

n∑
i=1

(xi − x̄)2
(4.2.5)

S0 is the aggregate of the spatial weights (row-standardized) with

S0 =
n∑

i=1

n∑
j=1

wij (4.2.6)

408 Negative spatial autocorrelation indicates that values of neighboring units are more dissimilar than
expected by chance. For an application see, e.g., Caniëls (1997) and Guillain and Le Gallo (2010).

409 For further details on autocorrelation from co-patenting activity between neighboring regions refer to
section 4.3.5.

410 See also Freund (2008), OECD (2009a) and ESRI (2010).
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4.2. Spatial Interdependence of European Patenting Activity 231

The z-score for the Moran’s I statistic is then

zI = (I − E[I])/
√
V [I] (4.2.7)

and

E[I] = −1/(n− 1);V [I] = E[I2]− E[I]2 (4.2.8)

Moran’s I is determined by each region’s value xi, neighboring units’ value xj, average
value x̄ of n locations, and the spatial distance between i and j with wij.

411 “Neighbor-
ing” is implemented by assuming that spatial units have a non-zero spatial relationship;
thus the population interacts by means of W , wij respectively. For the case of contiguity
based distance, wij represents the spatial weight of contiguity, with wij = 0, if the units
are non-contiguous (no common border), and wij = 1 if region i is contiguous to region
j. The results of the Moran’s I test are essentially based upon the ex ante implemented
spatial neighborhood structure. It is argued in spatial statistics that the elements of the
underlying spatial weight matrices W are exogenous, non-stochastic and (in most cases)
“row-standardized.” S0 =

∑n
i

∑n
j wi,j is then a standardized weight matrix.412 However,

the obtained Moran’s I values have to be interpreted with caution as the implemented (ex
ante defined) neighborhood structure determines the measure. A significant and positive
Moran’s I coefficient indicates that there exists spatial dependence between observations,
given the ex ante implemented neighborhood structure. Furthermore, spatial interdepen-
dence could originate from spatial pattern and relationships in the data which are not
specified in the model (Keilbach, 2000; Freund, 2008; ESRI, 2010).

Box 4.2 summarizes inference issues and additional information regarding Moran’s I. The
next section presents first statistical results of Moran’s I calculations with regard to EPO
patent applications at the regional level.

411 I = z′Wz/z′z is a regression coefficient of Wz on z. Note that z denotes the a vector of difference
between the variable under analysis and its mean. Wz contains the weighted averages of observed
neighborhood values of z for each location (Anselin, 1995, 1999; Fingleton et al., 2007; OECD, 2009a;
ESRI, 2010).

412 In case of n observations by means of row-standardized weights we obtain n
S0

= 1.
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232 4. European Co-Patenting Networks and Inter-Regional Linkages

Box 4.2: Interpreting Moran’s I

In order to test for the existence of spatial autocorrelation in regional data the computed
Moran’s I measure is compared with its theoretical mean (i.e., expected value), which is
approximately 0 (no spatial autocorrelation). Generally, negative (positive) values indicate
negative (positive) spatial autocorrelation. Moran’s I values range between −1 (perfect dis-
persion/negative spatial autocorrelation) and +1 (perfect correlation/positive spatial auto-
correlation). A value of 0 indicates a random spatial pattern without statistical dependence.
Under the null hypothesis of no global spatial autocorrelation, the expected value of Moran’s I
is given by E(I) = −1/(n−1). If Moran’s I is larger than its expected value, then the overall
distribution of the variable under analysis is characterized by positive spatial autocorrelation.
This means that the value of each region i tends to be similar to the values of neighboring
regions. If, however, Moran’s I is smaller than its expected value, then the distribution ex-
hibits negative spatial autocorrelation. Then, the value of each region i differs significantly
from the values of neighboring regions. Finally, Moran’s I values can be transformed to z-
scores with zI,i = (Ii −E(Ii))/sd(Ii); (standardized) values greater than 1.96 or smaller than
−1.96 indicate spatial autocorrelation (e.g., significant at the 5% level) (Anselin, 1995, 2002;
Fotheringham et al., 2002; ESRI, 2010).

4.2.2. Spatial Interdependence of Patenting Activity in Europe

The previous analyses in chapter 3 have already illustrated the existence of strong spatial
disparities and clustering of patenting activity across the 819 European regions. Based
upon the previous theoretical discussion on co-patenting activity (see chapter 2, section
2.1.7), the analysis of inter-regional R&D linkages and research collaborations within co-
inventor networks is of central interest. Tests for spatial autocorrelation of EPO patent
applications are inevitable as considerable spatial interdependence between European re-
gions seems to exist. Further to this, a serious question centers the origins of potential
spatial dependence by means of (pure) knowledge spillovers, knowledge flows via linkages
or randomly distributed and unconnected regions with similar technological specialization
characteristics.

Table 4.1 highlights the presence and significance of spatial dependence in terms of z-
transformed Moran’s I values for 51 technology fields.413 Regionalized EPO patent data
(patent applications by inventor location and priority date) at the level of OECD TL3
regions are used (OECD, 2003, 2006).414 The patent data are extracted from OECD
RegPAT (January 2009) (Maraut et al., 2008; OECD, 2009e). The full description of the
underlying database, the raw data and the data extraction processes have been presented
in detail in chapter 3, section 3.3.415

Using ESDA tools, Moran’s I values for all technology fields (Schmoch et al., 2003; EURO-
STAT, 2009) are calculated for distance bands (kilometers) with varying cut-off distance,

413 For a complete overview of abbreviations of all 51 technology field aggregates used in table 4.1 see
table B.4 (appendix).

414 The empirical analysis centers 819 TL3 units (EU-25+CH+NO) as highlighted in table B.3 (ap-
pendix).

415 Spatial autocorrelation analysis has been performed with OpenGeoDA, GeoDA and ArcGIS 9.3.1.
environment.
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4.2. Spatial Interdependence of European Patenting Activity 233

i.e., dij ≤ ϑ. On account of that, table 4.1 presents spatial autocorrelation measures for
EPO patent application densities by technology field for the period 2003-2004. Different
distance bands (100 to 600 kilometers) are applied.416

Table 4.1 shows that the technology field aggregates differ by means of standardized z-values
of the Moran’s I coefficients (see Box 4.2 for an overview), which can be interpreted as
evidence for varying global spatial processes. Consequently, it seems that several technology
fields exhibit low spatial autocorrelation values and thus weak spatial interdependence; e.g.,
TF6 Wood prod., TF2 Tobacco prod., TF12 Paints & varnishes, TF41 Watches & clocks,
TF37 Med. equipment. Further to this, the high-technology fields HT1 Aviation and
HT3 Laser are characterized by a spatial autocorrelation at a proximate distance, which
is related to the fact that these technology fields are highly concentrated in space and
generally not surrounded by regions with a similar research activity and intensity.417

In opposition, several technology fields show strong spatial dependence within the Eu-
ropean landscape, which is empirically identified by large distance bands of significant
Moran’s I values, e.g., HT6 Microorgan. & Genetics, HT4 Semiconductors, HT2 Com-
puter & office mach., SUM hightech, TF35 Signal transm. & telecom., TF23 Agricul. &
forestry machinery, TF10 Basic chemicals or even TF3 Textiles. However, it has to be
noted that these technology fields are generally characterized by a larger number of patent
applications; moreover, most regions are surrounded by other regions with similar patent
densities. As the Moran’s I calculations are related to fractionally collected patent data
(patent densities), the findings presented in table 4.1 point to the same direction as the
results of the patent citation studies of, e.g., Scherngell (2007) and Paci and Usai (2009).
These studies showed that Europe features inter-regional knowledge exchange, i.e., patent
citations, with an average distance band of around 500-600 kilometers, e.g., in the high-
technology field Computing. Their results, although based upon citation data, are very
similar to the ones presented in this study, as spatial autocorrelation shows up to 600-700
kilometers.

Accordingly, spatial interdependence is present in fractionally counted EPO patent ap-
plications at the regional TL3 level, although Moran’s I values vary remarkably across
technology fields. However, the observed spatial interdependence of EPO patenting ac-
tivity could originate from several factors that are simply absent in fractionally counted
patent data. First of all, European regions could be considered to be isolated research
units, which by chance exhibit similar patenting structures and patent intensities due to
similar specialization, which would be measured by spatial autocorrelation tests. However,
European regions could also be considered being part of larger functional areas, inter-
connected via co-patenting linkages (i.e., co-patenting linkages in inter-regional research
networks), which would show up in terms of significant and positive Moran’s I coefficients.
That being the case, spatial interaction between and within regions by means of EPO
patent co-applications, i.e., patent statistics as relational data, has to be analyzed and
explained. In light of this, the following analyses particularly place emphasis on inter-
regional co-patenting activities by technology field. The hypothesis is that co-patenting

416 Contiguity distance was additionally computed; however, the study only presents results based upon
the Euclidean distance concept with varying threshold distance ϑ.

417 Only the highest z-value is presented in table 4.1 for each technology field. See Scherngell (2007) for
a similar approach.
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Table 4.1. Moran’s I z-scores by technology field and threshold ϑ

Technology field ϑ=200 ϑ=300 ϑ=400 ϑ=500 ϑ=600
SUM 44TF 49,05***
TF1 Food, beverages 13,76***
TF2 Tobacco prod. 4,75***
TF3 Textiles 14,52***
TF4 Wearing, apparel 7,31***
TF5 Leather articles 7,48***
TF6 Wood prod. 11,73***
TF7 Paper 16,24***
TF9 Petrol. prod., nucl. fuel 9,68***
TF10 Basic chemicals 19,19***
TF11 Pesticides, agrochem. prod. 4,24***
TF12 Paints, varnishes 7,90***
TF13 Pharmaceuticals 8,99***
TF14 Soaps, detergents 4,13***
TF15 Other chemicals 11,87***
TF16 Man-made fibre 3,34***
TF17 Rubber, plastic prod. 31,99***
TF18 Non-metal mineral prod. 34,20***
TF19 Basic metals 20,41***
TF20 Fabric. metal prod. 38,54***
TF21 Energy machinery 30,65***
TF22 Nonspec. machinery 42,17***
TF23 Agricul., forestry machinery 14,01***
TF24 Machine tools 35,68***
TF25 Spec. purp. machinery 34,42***
TF26 Weapons, ammunition 5,06***
TF27 Domestic appliances 30,82***
TF28 Office mach., computers 16,13***
TF29 Electric , generators 19,61***
TF30 Elec. distr. contr. wire cable 27,27***
TF31 Accumulators, battery 12,14***
TF32 Lighting equipment 11,08***
TF33 Other electr. equip. 20,41***
TF34 Electr. components 14,68***
TF35 Signal transm., telecom. 18,66***
TF36 TV, radio receiv., audio 9,31***
TF37 Med. equipment 26,86***
TF38 Measuring instruments 28,34***
TF39 Ind. proc. contr. equip. 27,46***
TF40 Optical instruments 16,01***
TF41 Watches, clocks 17,44***
TF42 Motor vehicles 30,98***
TF43 Other transp. equip. 16,46***
TF44 Furniture consum. good 27,51***
SUM Hightech 18,52***
HT2 Computer, office mach. 16,44***
HT1 Aviation 9,12***
HT3 Laser 5,54***
HT4 Semiconductors 9,96***
HT5 Communication 15,95***
HT6 Microorgan., genetics 10,55***

Source: own estimations. Notes: Moran’s I z-scores for EPO patent applications by technology field
(year 2000-2004) and varying threshold distance, ϑ, in kilometers; significance level: ***significant at 0.01
level.
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4.3. European Co-Patenting Networks and Foreign Co-Inventors 235

networks are highly concentrated in the European landscape of regions. Nevertheless, it
is also said that there is a general tendency towards long-distance research collaboration
linkages today (Maggioni and Uberti, 2009; Powell and Giannella, 2010). The more these
network linkages are crossing regional borders, connecting neighboring regions, the higher
is the expected spatial autocorrelation (see section 2.1.7 for a theoretical discussion).

Finally, from a normative and political economy point of view, increasing co-patenting
activity could be interpreted as statistical evidence for raising efficiency and effectiveness
of the ERA, as research co-operations are increasingly dispersed across the 819 European
TL3 regions. Regarding this issue, conventional knowledge production function estima-
tion would identify inter-regional co-patenting linkages in terms of positive spatial auto-
correlation. Therefore, the subsequent analysis prefers an explicit analysis of European
co-patenting structures at the regional level.

4.3. European Co-Patenting Networks, Inter-Regional Linkages
and Foreign Co-Inventors

4.3.1. International versus Inter-Regional Co-Patenting Linkages

As has been reported in the previous section, patenting activity shows significant and
positive spatial dependence, meaning that the distribution of research activity is not only
highly skewed in geographic space (chapter 3), but also that highly innovative regions
are surrounded by neighboring innovative regions as highlighted by spatial autocorrelation
statistics (chapter 4, section 4.2). However, it can be argued that the observed spatial
interdependence of patenting activity originates, inter alia, from border-crossing research
activities. That being the case, significant increases of foreign co-inventorship activities,
i.e., international co-patenting activities, could be interpreted as a tendency away from
sole proximate distance collaborations, meaning that national boundaries in Europe are
vanishing. Such a development could indicate an ongoing integration of European countries
and their regions into European technology-specific co-inventor networks.

In general, co-inventions across countries, in terms of co-patents with multiple inventors,
are today quite frequent as has been addressed in the introductory chapter. Several studies
have picked up this development (Balconi et al., 2004; Belitz et al., 2006). Glänzel et al.
(2003), e.g., found that around 30% of all biotechnology EPO patent applications are co-
inventions (see also Frietsch and Schmoch, 2006; Fraunhofer, 2009; Powell and Giannella,
2010).418 Frietsch and Schmoch (2006) showed that cross-national technology production
has increased considerably, although important co-inventors are foremost located in the
United States and the European Member States. Similarly, Maggioni and Uberti (2009)
argued that co-patenting activity is quite frequent in the group of the five largest European

418 Glänzel et al. (2003) identified 12,412 co-invented patent applications out of approximately 45,000
EPO patent applications in biotechnology for the period 1992 to 2001. However, ownership structures
are not that inter-regional (inter-national); i.e., 3,926 applications out of 45,000 between 1992 and
2001.
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236 4. European Co-Patenting Networks and Inter-Regional Linkages

countries.419 Although there is an increasing tendency towards joint ownership and joint
exploitation of research output in many technology fields, the overall share of co-assigned
EPO patents is still relatively small in several technology fields (Glänzel et al., 2003).420

From an industrial organization point of view, increasing foreign co-patenting activity may
originate from intensified R&D fragmentation and offshoring of R&D tasks (Verspagen
and Schoenmakers, 2004; D’Agostino et al., 2010). The applied data indeed support the
hypothesis that industrial R&D activities, i.e., co-patenting activities, are increasingly
globalized.

Unfortunately, it seems rather impossible to identify and differentiate between the mo-
tives and incentives based upon the available co-patenting data, i.e., (i) cost reduction
incentives of agents that lead to increasing shares of patents with foreign co-inventors; (ii)
co-patenting that is associated with firms’ target to enter markets; (iii) the incentives to
access “knowledge hot spots” and forefront knowledge elsewhere (Frietsch and Schmoch,
2006; Maggioni and Uberti, 2009). Accordingly, co-patenting analysis cannot unfold if in-
creasing co-patenting activities with foreign researchers mainly occur due to cost-oriented
global sourcing strategies, i.e., cost-based R&D offshoring (and/or offshore outsourcing)
or simply due to companies’ demand for scarce research excellence that is localized in a
few European regions. Moreover, it is impossible in this study to verify the direction of
knowledge flows as the millions of existing relations represent undirected linkages.

4.3.2. The Relational Database

4.3.2.1. Regional Classification and Raw Data

The regional network analysis in section 4.3.5 is, again, based upon OECD RegPAT (Jan-
uary 2009) raw data (Maraut et al., 2008; OECD, 2009e). The RegPAT files have been
implemented into a workable mySQL database (see appendix) in order to generate “rela-
tional” data from EPO patent applications (see section 4.3.3 for methodological issues).
The analysis is exclusively related to the geography of European co-inventor networks
within and between European regions, which consequentially prefers EPO to PCT and
national patent applications due to an explicitly defined macro area. Table B.3 in the ap-
pendix summarizes the spatial classification and structure. Patents have been incorporated
according to the priority year (also mentioned in the patent document).421

For the co-inventorship network analysis of large patent databases, the NUTS3 level gener-
ally represents the most detailed and available regionalization level for European member

419 30,000 out of 170,900 patents were analyzed in their study. Their sample consists of five countries at
the NUTS2 level, in which only those co-patents are analyzed if regions i and j belong to different
countries.

420 Co-assignment indicates a joint ownership of an invention, i.e., an EPO patent, and normally repre-
sents a joint exploitation by two or more agents/ organizations.

421 A serious problem, however, in geographical economics and the geography of innovation literature is
the definition and usage of spatial units (see also section 3.3). For modeling inventor networks, two
units that are in general called a place, a region or country are needed. However, the difficulties with
regional classifications are rather unnoticed. It seems that the “concept of the region” is similarly
fuzzy as the “concept of the industry.” Both concepts allow some intermediate and flexible levels of
aggregation and are thus not easy to define.
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4.3. European Co-Patenting Networks and Foreign Co-Inventors 237

states. The classification also simplifies comparison with other studies. However, as the
NUTS3 units widely differ in their overall size (areal size), population and number across
the European countries, inhomogeneity of regional units and strong commuting between
very small NUTS3 units represent central issues (Paas and Schlitte, 2008; Hoekman et al.,
2009).422 To challenge this problem, the NUTS classification is abandoned in favor of
the OECD TL3 classification as the general territorial concept for counting inter-regional
co-inventor linkages. The TL3 classification is considered to be more homogenous and
to offer additional advantages for relational data analysis. Moreover, the spatial range
of the extracted inter-regional TL3 linkages is analyzed by aggregating from TL3 to TL2
units. Some of the inter-regional TL3 co-patenting linkages disappear due to aggrega-
tion as they are transformed from inter- to intra-regional linkages. This happens when
connected regions are located within the same larger spatial aggregate. The extracted co-
inventor linkages are also aggregated to spatial units larger than TL2, i.e., to the OECD
TL1 level (nation state level). Section 4.3.3.1 summarizes the methodology and discusses
the aggregation of inter-regional linkages in more detail.423

As a result of the above mentioned issues, the developed relational database in this study
focuses on 819 TL3 regions (846 units including extra territorial areas) within a group of
more aggregated 184 TL2 regions (211 units including extra territorial areas) that form the
European landscape of the EU-25 and 45 TL3 units in Norway (19 NUTS3) and Switzerland
(26 NUTS3) (see appendix, table B.3).424 The TL3 regions represent the population for
generating relational data, i.e., co-patenting linkages between regions at different levels of
aggregation (i.e., at the TL3, TL2 and TL1 level), which represent the network nodes.425

Every EPO patent application leaves a paper trail in the form of a patent document.426

4.3.2.2. From IPC to Technology Field Aggregates

The analysis of co-patenting activity separates between various technology field aggregates.
This technologically disaggregated view offers the possibility to draw unbiased conclusions
with respect to major regional differences in technological specialization and the spatial

422 Accordingly, the NUTS3 classification cannot be used to generate relational data. Germany, e.g.,
consists according to the NUTS3 classification of 439 units, whereas the United Kingdom only contains
133 NUTS3 regions. Thus, the NUTS3 level would essentially overweight the overall and unique
number of inter-regional research collaboration linkages of German regions and artificially increase
the network size as the size of the network is endogenous to the absolute number of regions.

423 Furthermore, the aggregation is useful as it addresses (includes) potential labor market effects such
as commuting of inventors.

424 Switzerland and Norway are included to avoid “black holes” in the network structure. However,
Croatia, Romania and Liechtenstein are excluded due to data constraints and issues relating to the
spatial classification system.

425 The empirical results have been illustrated in individual co-inventorship network graphs at the TL3,
TL2 and TL1 level and are available upon request.

426 Accordingly, the number of analyzed and cross-checked relationships is massive. The data generation
process has taken into account all possible inter-regional (unique) relations for the entire population
of 819 European regions in 43 technology fields and 10 years (periods 1990-1994 and 2000-2004).
Therefore, the database queries have analyzed potential 153,697,050.00 unique relations at the TL3
level and potential 9,526,650.00 relations at the TL2 level. If intra-regional linkages are included the
numbers change to (i) 153,878,940.00 TL3 potential relations and (ii) 9,572,015.00 TL2 relations.
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238 4. European Co-Patenting Networks and Inter-Regional Linkages

distribution of co-patenting networks. According to this perspective, there exist major dif-
ferences across technology fields in terms of the level of international collaboration between
European regions. Aggregation and matching of the International Patent Classification
(IPC) and the technology field classification is accomplished in this project by application
of the ISI-SPRU-OST-concordance.427

4.3.3. The Research Methodology

4.3.3.1. Calculating Co-Patenting Network Linkages

The relational EPO patent database builds upon several interlinked data files, which in-
clude 1,829,807 EPO patent applications from 1977 until 2005 (by priority date). Each
European inventor and co-inventor (inventor address information) is first assigned to a
specific TL3 region and the respective larger aggregate, i.e., TL2 (macro region) and TL1
(country). The central agents are inventors, whose postal address, which is in most cases
their work place location, can be used to determine their location in geographic space (TL3
ID) (Hoekman et al., 2009; Paci and Usai, 2009; Fornahl and Brenner, 2009). However,
the study does not explicitly consider or visualize co-patenting networks between individu-
als. It makes use of relational data (between individuals) and transforms this information
to the regional level, but maintaining that behind the regional co-patenting network lies
the network of individual researchers (Balconi et al., 2004; Paci and Usai, 2009; Hoek-
man et al., 2010). The inter-regional linkages result from the absolute number of EPO
patent applications on which inventors of different regions had worked together (attribute
of co-inventorship). Accordingly, inventor linkages can be regarded as some kind of knowl-
edge relation (Balconi et al., 2004). Furthermore, the spatial co-patenting networks are
quasi weighted ones, meaning that an inter-regional linkage between two different spa-
tial units has a weight referring to the overall number of co-patenting linkages (Balconi
et al., 2004; Maggioni and Uberti, 2009). Consequently, the extraction process has gener-
ated networks based on European TL3 regions, larger TL2 regions and countries (TL1),
in which the intensity of inter-regional relationships and collaborations is reflected by the
number of inter-regional co-patenting linkages that result from co-invented EPO patent
applications. Figure A.37 (appendix) illustrates the data extraction process and figure 4.3
below shows two examples. Additionally, the IPC information from patent applications is
used for exploring co-patenting networks for different technology field aggregates.428 The
patent applications are selected on the basis of “full counting,” meaning that each inter-
regional co-inventor pair, i.e., inter-regional TL3 region network linkage, is counted as an
inter-regional co-inventor linkage or inter-regional research collaboration that ended with
a patent application at the EPO. Patent co-applications which contain multiple inventors
from a single TL3 region are excluded as the analysis solely emphasizes inter-regional col-
laboration activities between European TL3 regions and their larger spatial aggregates
(TL2 and TL1). Accordingly, the EPO patent applications (unique ID) have to contain at

427 Fraunhofer ISI, Karlsruhe, Germany, Observatoire des Sciences et des Techniques (OST), Paris, France
and SPRU, University of Sussex, Brighton, UK (Schmoch et al., 2003). See chapter 3, section 3.3 for
more details.

428 The overall number of EPO patent applications between 1977 and 2005 with more than one inventor
is 672,432. However, only the linkages that exist between European regions are incorporated.
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least two inventors (m > 1) from at least two TL3 regions (n > 1). Pairs of inter-regional
linkages have been extracted step-by-step for every patent application, taking the spatial ID
as main reference.429 Contrary to several existing studies, this study additionally analyzes
inter-regional co-patenting linkages that happen within the same country.430 Maggioni and
Uberti (2009), in comparison, focused only on inter-regional linkages between European
countries as they explicitly examined international knowledge flows, although arguing that
co-patenting is mainly a national phenomenon. Hence, research linkages are extracted
and classified into three categories in the following analyses: (i) inter-regional TL3 co-
patenting linkages within the same TL2 region (and within the same country (TL1)); (ii)
inter-regional TL3 co-patenting linkages between two TL2 regions within the same country
(TL1); (iii) inter-regional TL3 co-patenting linkages between two TL2 macro regions be-
tween two countries (TL1). Accordingly, different types of borders are classified: regional
borders within countries and regional borders between countries. A significant change in
the structure (share) of these categories may indicate that the European research land-
scape is characterized by significant changes regarding the integration of regions and the
dispersion of co-patenting networks.431 The subsequent graphs in figure 4.3 show two ex-
amples of research collaborations and the data extraction process applied in this study.
The first graph represents an EPO patent co-application from seven inventors (δm) who
are located in four different regions (θn) but within the same country. The overall number
of extracted linkages is 21. The second graph in the figure shows the same regional borders;
however, the national border-line has changed and four linkages are now of international
type.Co-inventor networks can vary in five parameters: (i) the accumulated knowledge and
the research competence of each region, (ii) the distance between the network regions, (iii)
the general connectivity of regions in the networks, (iv) the structural change of regions in
the network, and (v) the trajectory of the network structure (Ejermo and Karlsson, 2004,
2006; Powell and Giannella, 2010).

Since patent data show annual fluctuations, especially in less populated and backward
regions of Europe, the study focuses on co-patenting linkages for longer periods, i.e., 1990-
1994 and 2000-2004. The overall number of extracted inter-regional inventor linkages from
EPO co-patents is 336,302 (1990-1994) and 755,374 (2000-2004).432 The co-patenting study
focuses on technology-specific linkages. It seems senseless to analyze linkages and network
structures of the overall aggregate (all IPC codes), because this would connect almost all
regions and reduce transparency.

429 As such, linkages that happen between two or more inventors (m > 1) within one TL3 region (n = 1)
are excluded.

430 According to Maggioni and Uberti (2009), 10% of all co-patenting is international and 90% is intra-
national. This thesis comes to similar results.

431 It is essential to note, that the extraction process solely focused on the number of linkages but not the
number of patent IDs. Accordingly, only linkages between European regions are counted. Moreover,
linkages have also been counted if the patent applications additionally included an extra-European
inventor (e.g., from the US, Japan or somewhere else outside the EU).

432 However, these numbers include multiple counting due to partially overlapping technology fields
(Schmoch et al., 2003).
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Fig. 4.3. Inter-regional co-patenting network linkages
Source: own illustration. Notes: Example shows the construction of undirected co-inventor linkages from
an EPO patent application; the patent document contains 7 co-inventors (unique inventor-IDs; inventors
δ1, δ2, δ3, δ4, δ5, δ6 and δ7) located in 4 regions θ1, θ2, θ3 and θ4. A total number of 17 undirected
inter-regional and 4 intra-regional linkages (self-loops) between the 7 inventors are extracted; the patent
document contains 6 unique inter-regional linkages (θ1θ2, θ1θ3, θ1θ4, θ2θ3, θ2θ4, θ3θ4). Accordingly, the
EPO patent application contains 21 linkages; 0 of them are international. In the second figure 10 linkages
are international.
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4.3.3.2. Measuring Network Centralities of Regions

Besides global network statistics, local statistics are additionally of central interest, i.e.,
the “network centrality” and “connection” of European regional units by technology field.
To understand the complexity and dynamics of industries and their underlying co-inventor
networks, the position and centrality of actors, respectively regions, within the networks
have to be evaluated. For that reason, local centrality statistics (and rankings) are pre-
sented in the following. The agents are EPO inventors and their work place location is
used to identify their geographic position within complex inter-regional co-inventor net-
works (TL3 and TL2 regions). Using this information, networks between European regions
are produced. The intensity of inter-regional relationships (research collaborations) is re-
flected by the number of EPO co-patents (co-applications). Moreover, the TL3 level was
chosen to unfold potential spatial heterogeneity for two reasons: (i) some TL3 regions sim-
ply do not innovate at all; this leads to a serious bias when aggregating to a larger spatial
level (averaging process) as large units contain regions that are not active in inter-regional
co-patenting networks; (ii) some regions are not connected to co-inventor networks during
the whole period although they exhibit EPO patent applications; however, they represent
totally isolated units. Accordingly, the common and well-known national co-patenting
studies (Belitz et al., 2006; Frietsch and Schmoch, 2006; Fraunhofer, 2009) are determined
by a severe loss of information and, maybe, an ex ante bias in the calculation of linkages
at the aggregated level (e.g., NUTS1, NUTS2). Nevertheless, a highly skewed distribution
of inter-regional inventor linkages within and between countries is generally observed. As
a consequence, the sole focus on international (aggregated) co-patenting linkages would
cause a severe loss of specificity. Moreover, countries differ tremendously in size compared
to the rather homogenous regional TL3 classification. The importance of regions within
co-patenting networks is empirically challenged by calculating “co-inventor network cen-
trality indices” (Maggioni and Uberti, 2009). From a conceptual perspective, centrality
indices normally measure how central an agent is positioned in a “scale-free network” or
“ego network” (Schintler et al., 2006; Blum, 2008; Bergman, 2009). Scale-free networks
are networks whose degree distributions follow a power law (at least asymptotically). As
it is the case with almost all technological and economic systems that are characterized
by such power law distributions, the most essential attribute of scale-free networks is the
relative importance of nodes (regions). Especially those regions are of great interest, which
exhibit a degree centrality that greatly exceeds the average centrality of regions in the
network. The most central regions in terms of degree centrality are often labeled “network
hubs” because they are connected to many others. Measuring the “network location” then
means to calculate the centrality of the region in relational space. The various centrality
measures enable insights into the differing roles and groupings within spatially organized
networks. From a “core-periphery” perspective, as has been theoretically discussed in
chapter 2 (sections 2.1.6.7 and 2.1.7.5), it is essential to explore the “hub-and-spoke struc-
ture” of technology fields. Within graph theory and network analysis, various centrality
measures have been proposed to determine the relative importance of a region, which are
briefly summarized in the following (Maggioni and Uberti, 2009).433

433 Centrality indices and network graphs are computed in this study by application of the software
“Codeplex NodeXL (2009-2011).” See Hansen et al. (2009) for a technical overview.
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“Degree centrality” is a very simple centrality index and it is used as a standard measure
in network and graph theory. Network nodes (i.e., regions) which have more ties to other
nodes may obtain an advantageous position. Because these regions have many ties, they
may have alternative ways to satisfy informational or commodity needs. Hence, such
regions are less dependent on a few neighbors. Basically, the degree of a region in a spatial
network is then defined as the number of unique linkages to other regions (Maggioni and
Uberti, 2009; Hansen et al., 2009). Based on this measure, the activity of a region in
an inter-regional research network can be evaluated. In order to calculate a standardized
score, each value is divided by n − 1 (with n being the overall number of regions in the
network). In case of undirected data, regions may differ from one another only in their
number of inter-regional linkages. Degree centrality is defined and used in this study for
measuring the embeddedness of European regions into inter-regional co-patenting networks
by taking the number of linkages (edges) of every spatial unit (TL2 and TL3 region).
The degree centrality of a region then represents its popularity within the network with
CD(κ) = degree(κ)/(n − 1). Accordingly, degree centrality can be interpreted as the
likelihood that a region (and its agents) makes contact with what is flowing through the
research network by means of the linkages to immediate vicinity (Hansen et al., 2009).
Based upon co-patenting information, undirected degree centrality measures are used in
this study to explore the structure of the networks.

Besides the importance of regions in a network by means of their number of (unique) link-
ages to other regions (i.e., degree centrality), “betweenness centrality” represents another
network measure that indicates to what extent regions occur on the shortest paths be-
tween all other regions (Lobo and Strumsky, 2008; Hansen et al., 2009). Generally, the
interaction (i.e., flows and linkages) between two regions, which are not directly connected,
might depend on a third region which is on the path between the two. In view of this,
it might be possible that co-patenting is controlled by the third one. Betweenness cen-
trality explores the bridge-function of regions in co-patenting networks. Therefore, the
mathematical algorithm calculates the position of each region within the inter-regional
research network. It then illustrates to what extent informational flows exchanged in the
network, i.e., knowledge flows via co-patenting linkages, will likely pass by a certain re-
gion or not due to its bridge-function. This centrality is then calculated as the ratio of
all geodesics between pairs of regions which run through each region. The betweenness
measure CB(κ) =

∑
x �=κ �=y∈κ φxy(κ)/φxy reflects how often a region is positioned on the

geodesics between the other regions of the network. The geodesic distance is the length of
the shortest path between two connected regions (x, y).434 Accordingly, from an economic
point of view, regions that are characterized by a high betweenness centrality have greater
influence over what flows in the network or not (Lobo and Strumsky, 2008; Hansen et al.,
2009).

Finally, network density di,t,TF with di,t,TF = [li,t,TF ]/[ni,t,TF (ni,t,TF − 1)] is defined as the
number of existing linkages li,t,TF with region i in a population of n regions in a technology
field (TF ) in year t, divided by the maximum ni,t,TF (ni,t,TF−1) number of linkages between

434 First, all shortest paths φxy between each pair of vertices (x,y) have to be computed. Then, the
fraction of the shortest paths φ that pass through the region under analysis (here, region κ ) has to
be calculated. Finally, this fraction has to be summed up over all pairs of vertices (x,y).

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



4.3. European Co-Patenting Networks and Foreign Co-Inventors 243

regions. di,t,TF increases with the density of the inter-regional network (Wilhelmsson, 2009;
Hansen et al., 2009).

4.3.4. Foreign Co-Inventors and Cross-Country Research Collaborations in
Europe

First and foremost, co-patenting activity can be analyzed in terms of absolute and relative
numbers. Therefore, the absolute numbers and shares of EPO patent applications with
foreign co-inventors are illustrated in the following.

Figure 4.4 shows that the absolute number of EPO patents by country with foreign co-
inventors has increased tremendously for nearly all European countries since the early
1980s (extra European countries are reported in the appendix). With respect to absolute
numbers, Germany, France and the UK represent the countries with the largest numbers
of EPO patent applications with foreign co-inventors. In 2004, the number is eight times
higher compared to the 1980s for Germany and four times higher for France and the
UK. Similarly, a tremendous increase can be identified in Switzerland, the Netherlands,
Belgium, Italy, Sweden and Austria.435

Figure 4.5 shows the numbers of EPO patent applications with foreign co-inventors for
Eastern European countries, especially with focus on the NMS. A strong increase of foreign
co-inventor activity is especially identified in the Czech Republic, Hungary, Poland and
Slovenia. Interestingly, a similarly strong increase can be identified for the Slovak Republic,
Latvia, Romania and Croatia since the 1990s. Malta, Estonia, Bulgaria, Cyprus and
Lithuania only show small numbers. However, it is essential to note that these are absolute
values which are not corrected for country size.

In addition, the figures A.38 and A.39 (appendix) present relative positions; i.e., EPO
patent applications with foreign co-inventors as a share of overall patenting activity by
country. Belgium, Luxembourg, Switzerland, Portugal, Norway, Ireland, Greece and Aus-
tria are the countries with the highest shares (see also Frietsch and Schmoch, 2006). How-
ever, Greece and Portugal show high variance (volatility) due to their rather small abso-
lute numbers of EPO patent applications and backward stage of development in research
activities. In sharp contrast, countries such as Italy, Sweden, Germany, Denmark, the
Netherlands and the UK are not the leading countries in terms of relative co-patenting ac-
tivity, although they are leading in absolute numbers. Nevertheless, it can be summarized
that all European countries show a significant increase in numbers and shares of foreign
co-patenting activity.

The case of the NMS shows some similarity to Portugal and Greece (see figure A.39,
appendix). The graphs unveil a strong variance due to the very small but continuously
increasing amount of patents with foreign co-inventors. Poland is the only country in the
NMS group that shows an increase in foreign co-patenting activity between 1980 and 1995
and, on average, a decline in the share of patents with foreign co-inventors after 1995, which
means that national EPO patenting is increasingly dominating overall research activities.

435 A similar development is demonstrated for Northern and Southern European countries in the graphs
of figure 4.4.
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Fig. 4.4. Number of EPO patents with foreign co-inventors by country (1)
Source: own illustration. Notes: Number of EPO patents with foreign co-inventors by country since 1980;
total co-operation with abroad; EU-15 countries, CH, NO; data extracted from OECD RegPAT (January
2009) and OECD (2009d); fractional counts.

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



4.3. European Co-Patenting Networks and Foreign Co-Inventors 245

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 

Czech Republic Hungary 

0 

10 

20 

30 

40 

50 

60 

1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 

Poland Slovenia 

0 

5 

10 

15 

20 

25 

30 

35 

1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 

Slovak Republic Latvia 

0 

5 

10 

15 

20 

25 

30 

1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 

Romania Croatia 

0 

5 

10 

15 

20 

25 

1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 

Cyprus Lithuania 

0 

2 

4 

6 

8 

10 

12 

14 

16 

1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 

Malta Estonia Bulgaria 

Fig. 4.5. Number of EPO patents with foreign co-inventors by country (2)
Source: own illustration. Notes: Number of EPO patents with foreign co-inventors by country since
1980; total co-operation with abroad; NMS countries, BG, RO, CR; data extracted from OECD RegPAT
(January 2009) and OECD (2009d); fractional counts.
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Concerning the numbers and shares of foreign co-inventors, the analysis unveils a similar
picture as the one already highlighted in figures 4.4 and 4.5. Austria, Belgium, Denmark,
Finland, France, Germany, Italy, Luxembourg, the Netherlands, Norway, Switzerland, the
UK, Spain and Sweden are determined by meaningful increases in the share of patent ap-
plications with foreign co-inventors (see figure A.38, appendix). The NMS group shows
a similar development (see figure A.39, appendix). With respect to the EU-15 countries,
figures A.40 and A.41 (appendix) additionally illustrate the changing structure of foreign
co-inventors by country. It is clearly visible that the overall share of co-patents with US
co-inventors has decreased between 1990/1991 and 2003/2004; especially in the NMS. Fi-
nally, it can be concluded from this first descriptive analysis at the national level that
co-patenting activity with foreign inventors has grown in all European countries in abso-
lute and relative terms.436 This unambiguous development can be interpreted as a general
trend towards a more integrated research area. Accordingly, European countries seem to
be increasingly incorporated into cross-national research collaborations. Moreover, these
results are complementary to the observed general dispersion tendencies of patenting activ-
ity (see chapter 3). However, the origins of the observed developments are rather unknown
and not empirically challenged in more detail. Increasing co-patenting activity could be
induced by a small number of geographically fragmented multinationals but also by het-
erogenous small and medium-sized firms. Furthermore, the presented results do not tell
anything about the regional structure of research collaborations, which represents a severe
research gap that will be addressed in the following. Therefore, the analysis will place
special emphasis on the distribution of these co-inventor linkages in the context of Euro-
pean TL3 and TL2 regions. The analysis sheds light on the spatial nature of European
co-patenting networks at the regional level. Moreover, it allows to calculate the centrality
of European regions in technology field-specific co-patenting networks.

4.3.5. European Regional Co-Patenting Networks: Global Network
Statistics

4.3.5.1. Network Size and Structure by Technology Field

This section offers a detailed overview of technology field-specific inter-regional co-patenting
networks at the TL3, TL2 and TL1 level. It provides general network statistics for 43
technology fields. A first question addresses the overall network size of the 43 technology
fields under analysis in terms of the number of incorporated regions. In the first section,
“global” descriptive network statistics will be presented for each technology field, which
cover (i) the overall numbers and shares of regions, (ii) the unique and overall numbers
and shares of inter-regional co-patenting linkages, and (iii) the numbers and shares of inter-
and intra-national linkages.437

436 Refer also to the study results of Frietsch and Schmoch (2006), Belitz et al. (2006) and Maggioni et al.
(2007).

437 Computations were done with the software “Codeplex NodeXL (2009-2011).”
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4.3. European Co-Patenting Networks and Foreign Co-Inventors 247

The overall numbers of regions are presented in table 4.2.438 The largest technology-specific
networks in the 1990s (1990-1994), which connect more than 50% of all European TL3
regions, are the following ones: TF9 Petrol. prod. & nucl. fuel (437 regions), TF10 Basic
chemicals (606 regions), TF13 Pharmaceuticals (573 regions), TF17 Rubber & plastic prod.
(519 regions), TF18 Non-metal mineral. prod. (482 regions), TF19 Basic metals (437
regions), TF20 Fabricated metal prod. (442 regions), TF22. Nonspec. machinery (508
regions), TF25 Spec. purp. machinery (547 regions), TF28 Office mach. & computers
(457 regions), TF35 Signal. transm. telecom. (452 regions), TF37 Med. equipment (504
regions), TF38 Measuring instruments (515 regions), TF42 Motor vehicles (484 regions).
14 technology fields showed a co-patenting network with more than 50% of all European
regions. In the 2000s (2000-2004), 23 technology fields showed networks that connect
more than 50% of all European TL3 regions. Among the largest technology field-specific
networks are the following: TF10 Basic chemicals (697 regions), TF13 Pharmaceuticals
(709 regions), TF25 Spec. purp. machinery (631 regions), TF35 Signal. transm. telecom.
(635 regions), TF38 Measuring instruments (632 regions). 9 technology fields consist of
more than 70% of all European TL3 regions. It can be concluded from the presented
calculations in table 4.2 that European co-patenting networks have on average expanded in
their overall size between the 1990s and 2000s. In comparison, the smallest networks in the
1990s, by means of connected European TL3 regions, are the following ones: TF2 Tobacco
prod. (67 regions), TF4 Wearing & apparel (74 regions), TF5 Leather articles (74 regions),
TF12 Paints & varnishes (75 regions), TF41 Watches & clocks (70 regions). However, it is
essential to note that market structures, organizational structures and competitive forces
widely differ between the analyzed technology fields, which may also affect the dispersion of
inventors and their co-inventor networks across the 819 European regions. The technology
field TF10 Basic chemicals is the only one that includes all 25 European countries (and
Switzerland and Norway) and exhibits the largest number of European regions.439 It
can be concluded that European technology-specific co-patenting networks have generally
increased in size.

438 “Count” is the number of counted regions in the network; “share (%)” is the share of possible European
regions in the network. Calculations at the TL3, TL2 and TL1 level. For a complete overview and
list of abbreviations of all technology field aggregates used in the following graphs and tables see table
B.4 (appendix).

439 See also Frietsch and Schmoch (2006) for complementary results at the national level.
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4.3. European Co-Patenting Networks and Foreign Co-Inventors 249

The highest growth rates between 1990-1994 and 2000-2004, with respect to the number of
interconnected European regions, can be observed for the following technology fields (see
table 4.2): TF1 Food & beverages (10%), TF10 Basic chemicals (11%), TF13 Pharmaceu-
ticals (16%), TF20 Fabricated metal prod. (12%), TF21 Energy machinery (15%), TF22
Nonspec. machinery (11%), TF27 Domestic appliances (12%), TF28 Office mach. & com-
puters (20%), TF29 Electric motors & generators (14%), TF31 Accumulators & battery
(16%), TF33 Other electr. equip. (13%), TF34 Electr. components (20%), TF35 Signal
transm. & telecom. (22%), TF36 TV & radio receiv. & audio. (19%), TF37 Med. equip-
ment (14%), TF38 Measuring instruments (14%), TF39 Ind. proc. contr. equip. (11%),
TF42 Motor vehicles (11%), TF43 Other transp. equip. (12%), TF44 Furniture & consum.
goods (13%). TF9 Petrol. prod. & nucl. fuel. is the only technology field that experienced
a decrease in the number of interconnected regions in the European co-patenting network
between the 1990s and 2000s.

4.3.5.2. Spatial Proximity versus Inter-Regional Linkages

Chapter 2 reviewed the theoretical and empirical debate regarding proximity vs. long-
distance networks. This issue will be addressed in the following. The size of a network
can additionally be calculated and expressed in terms of the number of inter-regional link-
ages. The results presented in table 4.3 contain information with respect to the shares
and numbers of “unique” and “overall” inter-regional TL3 linkages (research collabora-
tions), which are used to identify the intensity and frequency of inter-regional research
collaborations. Furthermore, the linkage numbers and shares are also calculated at the
higher TL2 and TL1 level. For completeness, inter-regional TL3 linkages, which occur
within and between the larger European TL2 regions (i.e., at a proximate distance), are
listed for comparison purpose. The linkage calculation enables an analysis of potential dis-
tance decay and proximity effects of inter-regional co-patenting activity in Europe and the
identification of structural changes in research collaboration activity and border-crossing
knowledge flows. Table 4.3 summarizes the numbers and shares of extracted linkages for
all 43 technology fields (1990-1994 and 2000-2004). In addition, figures A.42 and A.43
(appendix) illustrate the overall numbers of inter-regional TL3 linkages (within and be-
tween European countries) for the 1990s (1990-1994) and 2000s (2000-2004). First of all,
the following results can be reported with respect to the overall co-patenting network size.
The largest technology field-specific co-patenting networks in 1990-1994 represent TF10
Basic chemicals (56,363 linkages), TF13 Pharmaceuticals (51,194) and TF25 Spec. purp.
machinery (22,464), TF38 Measuring instruments (14,205), TF42 Motor vehicles (14,330),
among others. In the second period of analysis, 2000-2004, the picture has not changed
much. The largest networks are still represented by TF10 Basic chemicals (83,218), TF13
Pharmaceuticals (147,266), TF42 Motor vehicles (47,250), TF37 Med. equipment (34,902),
TF35 Signal transm. & telecom. (36,784), among others. It is important to note that the
numbers of linkages are implicitly related to the technology field-specific propensity to file
patents.440

440 For similar conclusions, although at a higher level of aggregation, refer to the cross-country studies
(national level) of Frietsch and Schmoch (2006) and Belitz et al. (2006).
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250 4. European Co-Patenting Networks and Inter-Regional Linkages

Second, the majority of European co-patenting activity happens at a “proximate” distance
and have an intra-regional nature - they occur within large TL2 regions, i.e., inter-regional
TL3 linkages within TL2 regions. Table 4.3 clearly shows that around 90% of all identified
European inter-regional research linkages are inter-regional TL3 linkages within the same
countries, i.e., inter-regional TL3 linkages within and between TL2 regions within countries
(1+2). Even in the 2000s, a strong concentration of inter-regional research co-operations
within the national borders of European member states can be observed. However, the
overall share of these linkages has decreased in almost all analyzed technology fields. At
the same time, international linkages, i.e., inter-regional TL3 linkages between countries
(3), have increased in numbers and shares. That being the case, the technology fields
with the highest share of international linkages are the following: TF1 Food & beverages
(31%), TF3 Textiles (16%), TF4 Wearing & apparel (11%), TF9 Petrol. prod. & nucl.
fuel. (14%), TF10 Basic chemicals (13%), TF13 Pharmaceuticals (13%), TF14 Soaps &
detergents (25%), TF16 Man-made fibre (20%), TF19 Basic metals (15%), TF23 Agricul.
& forestry machinery (37%), TF35 Signal transm. & telecom. (12%), TF37 Med. equip-
ment (13%), TF38 Measuring instruments (12%) and TF41 Watches & clocks (12%). The
other technology fields remain below the 10% threshold even in the 2000s. These structures
(numbers, shares) are additionally illustrated in the subsequent figures 4.6 and 4.7. These
figures explicitly differentiate between (i) linkages that happen at a proximate distance
within larger TL2 regions (within countries) and (ii) linkages that occur at a distance
between TL2 regions (within countries) and (iii) linkages that occur between countries.
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252 4. European Co-Patenting Networks and Inter-Regional Linkages

Accordingly, in order to explore the spatial technology-specific structures of European co-
patenting networks in more detail, the numbers and shares of the inter-regional linkages
between European TL3 regions with respect to different regional border characteristics
have been calculated for the same two periods: (i) inter-regional TL3 linkages [intra-TL2
within country overall], (ii) inter-regional TL3 linkages [inter-TL2 within country overall];
(iii) inter-regional TL3 linkages [inter-TL1 between country overall]. The three groups
accumulate to 100% (to an overall linkage number by technology field respectively, as
presented in table 4.3 and figures A.42 and A.43, appendix). It is obvious from table 4.3
that the share of international inter-regional TL3 linkages has increased since the 1990s.
Further to this, figures 4.6 and 4.7 present and compare the numbers (and shares) of
these different linkage types. By definition, linkage types (i) and (ii) are national co-
patenting linkages (within and between macro regions); they represent the largest fraction
of inter-regional co-patenting linkages for almost all technology fields. In comparison,
linkage type (iii) represents international co-patenting linkages; however, these linkages
only represent a small amount of the observed overall inter-regional research collaborations.
Nevertheless, it is obvious from these calculations that the overall share of international
research collaborations has increased since the 1990s. Regarding the large fraction of
linkages within national borders (and within larger TL2 regions), the results are in line
with the presented Moran’s I measures in section 4.2.2.

Third, with regard to the dynamics of the networks, tables 4.4 and 4.5 highlight the
change/growth of the different linkage types between 1990-1994 and 2000-2004 (percent
and percentage points). It can be concluded that almost all technology fields show increases
in international co-patenting linkages, i.e., inter-regional TL3 linkages [inter-TL1 between
country overall]; e.g., TF13 Pharmaceuticals, TF1 Food & beverages, TF23 Agricul. &
forestry machinery, TF28 Office mach. & computers, TF31 Accumulators & battery. These
results are also in line with the Gini computations and other global disparity measures in
chapter 3.4.

Fourth, with respect to unique co-patenting linkages between European TL3 regions, table
4.6 summarizes the numbers and shares of unique European inter-regional co-patenting
linkages by technology field for the periods 1990-1994 and 2000-2004 and gives information
about the structure of inter-regional co-inventor network linkages (total number and % of
all possible combinations). In light of this analysis, the numbers and shares of (i) unique
inter-regional TL3 linkages [within and between country], (ii) unique inter-regional TL2
linkages [within and between country], and (iii) unique inter-regional TL1 linkages [between
country] are calculated; the table additionally includes the shares of existing unique linkages
of all possible combinations (network density) between the incorporated European regions.
It can be concluded from the results presented in table 4.6 that the number of unique
linkages has expanded in almost every technology field between the 1990s and 2000s. As
expected, the number of heterogenous (unique) linkages (and density) has increased since
the 1990s (see table 4.6) as it is the case with the unique number of European regions
within the technology-specific networks (see also table 4.2). Nevertheless, the development
is technology field-specific.
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Fig. 4.6. Structure of European co-patenting networks, 1990-1994
Source: own calculations and illustration. Notes: Number of linkages by technology-specific co-patenting
network (1990-1994).
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Fig. 4.7. Structure of European co-patenting networks, 2000-2004
Source: own calculations and illustration. Notes: Number of linkages by technology-specific co-patenting
network (2000-2004).
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Table 4.4. Inter-regional linkages by technology field: structural change (1)

technology field

inter-regional 
TL3 linkages 
between TL3 
within country 

(%) (1+2)

inter-regional 
TL3 linkages 
within TL2 & 
within country 

(%) (1)

inter-regional 
TL3 linkages 

between TL2 & 
within country 

(%) (2)

inter-regional 
TL3 linkages 

between country 
(%) (3)

TF1_Food_beverages -10% -3% -7% 10%
TF2_Tobacco_prod 1% -9% 10% -1%
TF3_Textiles -9% 1% -10% 9%
TF4_Wearing_apparel 2% 24% -22% -2%
TF5_Leather_articles -2% -6% 4% 2%
TF6_Wood_prod 0% 17% -17% 0%
TF7_Paper 1% -7% 7% -1%
TF9_Petrol_prod_nucl_fuel -10% -1% -9% 10%
TF10_Basic_chemical -6% -1% -5% 6%
TF11_Pesticide_agrochem_prod -1% -12% 11% 1%
TF12_Paints_varnishes 1% -3% 4% -1%
TF13_Pharmaceuticals -5% 3% -8% 5%
TF14_Soaps_detergents -8% -9% 1% 8%
TF15_Other_chemicals -4% -2% -1% 4%
TF16_Man_made_fibre -11% -8% -3% 11%
TF17_Rubber_plastic_prod -5% 4% -9% 5%
TF18_Non-metal_mineral_prod -2% 1% -3% 2%
TF19_Basic_metals -6% 4% -10% 6%
TF20_Fabric_metal_prod -3% 13% -16% 3%
TF21 Ener machiner 2% 5% 7% 2%

change (%points) 2000-2004 vs. 1990-1994

Structural change of inter-regional TL3 co-inventor network linkages

TF21_Energy_machinery -2% 5% -7% 2%
TF22_Nonspec_machinery -3% 6% -9% 3%
TF23_Agricul_forestry_machinery -16% -3% -13% 16%
TF24_Machine_tools -3% 13% -16% 3%
TF25_Spec_purp_machinery -5% -2% -3% 5%
TF26_Weapons_ammunition 0% -5% 5% 0%
TF27_Domestic_appliances -2% 5% -7% 2%
TF28_Office_mach_computers -4% 5% -9% 4%
TF29_Electric_motors_generators -4% 19% -23% 4%
TF30_Elec_distr_contr_wire_cable -5% 0% -5% 5%
TF31_Accumulators_battery -5% 0% -5% 5%
TF32_Lighting_equipment -1% 6% -7% 1%
TF33_Other_electr_equip -6% -1% -5% 6%
TF34_Electr_components -4% 4% -8% 4%
TF35_Signal_transm_telecom -8% 1% -9% 8%
TF36_TV_radio_receiv_audio 1% 5% -4% -1%
TF37_Med_equipment -3% 4% -8% 3%
TF38_Measuring_instruments -3% 13% -17% 3%
TF39_Ind_proc_contr_equip 2% 7% -5% -2%
TF40_Opti_instruments -4% -2% -2% 4%
TF41_Watches_clocks -9% 16% -25% 9%
TF42_Motor_vehicles -3% 4% -7% 3%
TF43_Other_transp_equip -3% 10% -12% 3%
TF44_Furniture_consum_good -2% 17% -19% 2%

Source: own calculations and illustration. Notes: Change (percentage points) in the structure of linkages
by technology-specific co-patenting networks (1990-1994 and 2000-2004).
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Table 4.5. Inter-regional linkages by technology field: structural change (2)

technology field
change inter-
regional TL3 

linkages [overall]

change inter-
regional TL3 

linkages [within 
countries]

change inter-
regional TL3 

linkages  [between 
countries]

TF1_Food_beverages 152% 122% 302%
TF2_Tobacco_prod 134% 136% 83%
TF3_Textiles 43% 28% 148%
TF4_Wearing_apparel 231% 240% 188%
TF5_Leather_articles 69% 65% 108%
TF6_Wood_prod 155% 155% 158%
TF7_Paper 183% 185% 162%
TF9_Petrol_prod_nucl_fuel 47% 31% 294%
TF10_Basic_chemical 48% 38% 146%
TF11_Pesticide_agrochem_prod 147% 145% 190%
TF12_Paints_varnishes -18% -18% -28%
TF13_Pharmaceuticals 188% 170% 317%
TF14_Soaps_detergents 21% 9% 72%
TF15_Other_chemicals 23% 17% 74%
TF16_Man_made_fibre -7% -17% 164%
TF17_Rubber_plastic_prod 55% 46% 151%
TF18_Non-metal_mineral_prod 61% 59% 86%
TF19_Basic_metals 56% 46% 145%
TF20_Fabric_metal_prod 82% 77% 164%
TF21_Energy_machinery 186% 179% 296%

Change (%) of inter-regional co-inventor linkages: 2000-2004 vs. 1990-1994

TF22_Nonspec_machinery 95% 89% 185%
TF23_Agricul_forestry_machinery 101% 67% 639%
TF24_Machine_tools 119% 112% 246%
TF25_Spec_purp_machinery 58% 50% 175%
TF26_Weapons_ammunition 44% 43% 48%
TF27_Domestic_appliances 124% 118% 182%
TF28_Office_mach_computers 203% 191% 384%
TF29_Electric_motors_generators 201% 188% 496%
TF30_Elec_distr_contr_wire_cable 54% 46% 215%
TF31_Accumulators_battery 415% 388% 1128%
TF32_Lighting_equipment 131% 129% 163%
TF33_Other_electr_equip 78% 66% 427%
TF34_Electr_components 159% 148% 334%
TF35_Signal_transm_telecom 216% 190% 586%
TF36_TV_radio_receiv_audio 311% 314% 273%
TF37_Med_equipment 211% 200% 300%
TF38_Measuring_instruments 215% 203% 321%
TF39_Ind_proc_contr_equip 187% 193% 125%
TF40_Opti_instruments 125% 115% 293%
TF41_Watches_clocks 51% 37% 278%
TF42_Motor_vehicles 230% 220% 412%
TF43_Other_transp_equip 98% 93% 184%
TF44_Furniture_consum_good 44% 41% 72%

Source: own calculations and illustration. Notes: Growth of linkage types by technology-specific co-
patenting networks (1990-1994 and 2000-2004).
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258 4. European Co-Patenting Networks and Inter-Regional Linkages

Fifth, as the study aims to identify the spatial dynamics of all 43 technology field-specific
co-patenting networks, the growth rates of the linkages are computed. Figure 4.8 and
tables 4.4 and 4.5 illustrate the growth rates for each technology field for different groups
of inter-regional linkages: (i) inter-regional TL3 linkages [overall number]; (ii) inter-regional
TL3 linkages [inter-TL2 within country overall]; (iii) inter-regional-TL3 linkages [intra-TL2
within country overall]; (iv) inter-regional-TL3 linkages [inter-TL1 between country overall]
(see tables 4.4 and 4.5). Differing dynamics for the 43 technology fields can be observed.
Moreover, it is noticeable that especially international linkages have, on average, expanded
across almost all technology fields since the 1990s (see tables 4.4 and 4.5) as has been
already illustrated in the previous tables and figures. Furthermore, the dispersion of the
identified co-patenting networks is very similar to the results regarding Moran’s I (see
section 4.2.2); larger networks thus seem to support larger distance bands (z-scores).

A more detailed analysis of the two periods unveils potential structural changes of the
networks. Figure 4.8 shows that international linkages have replaced intra-national ones.
More clearly: the share of inter-regional-TL3 linkages [inter-TL2 within country overall]
has decreased, whereas inter-regional-TL3 linkages [intra-TL2 within country overall] and
inter-regional-TL3 linkages [inter-TL1 between country overall] have increased their shares.
Accordingly, co-patenting linkages have, on average, relatively increased within European
regions and between countries; but they have relatively decreased between European re-
gions within national borders.
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260 4. European Co-Patenting Networks and Inter-Regional Linkages

4.3.5.3. Core-Periphery Structures and the East-West Gradient

A deeper empirical analysis of the European inter-regional co-patenting linkages gives ad-
ditional information about the integration of Eastern European regions and countries into
the European regional co-patenting network. Therefore, the numbers, shares and growth
rates of inter-regional co-patenting linkages between the NMS and the old EU-15 group
(including Switzerland and Norway) are calculated. The NMS group consists of eight Cen-
tral and Eastern European countries (CEEC), i.e., the Czech Republic, Estonia, Hungary,
Latvia, Lithuania, Poland, the Slovak Republic, Slovenia and the two Mediterranean coun-
tries Malta and Cyprus.441 The co-patenting network calculations are accomplished for
each of the 43 technology fields (Schmoch et al., 2003) and 10 years. Table 4.7 shows
the absolute numbers of these linkages and additionally the respective growth rates be-
tween the two periods, 1990-1994 and 2000-2004. It is obvious that the eastern part of
Europe is increasingly integrated into knowledge-intensive activities and inter-regional re-
search collaborations as reflected by international co-patenting linkages between inventors.
A comprehensive overview of the technology-specific growth rates is illustrated in table
4.7 and figures 4.9 and 4.10.442 First and foremost, it is essential to note that the ab-
solute number of co-patenting linkages between the eastern and western part of Europe
only accounts for 5,308 linkages between 2000 and 2004. The 10 largest technology fields
in terms of international east-west co-patenting linkages between 2000 and 2004 are the
following: TF13 Pharmaceuticals (1,928), TF10 Basic chemicals (749), TF38 Measuring
instruments (517), TF42 Motor vehicles (262), TF35 Signal transm. & telecom. (277),
TF28 Office mach. & computers (136), TF27 Domestic appliances (111), TF34 Electr.
components (105), TF19 Basic metals (100), TF22 Nonspec. machinery (93) and TF37
Medical equipment (93).443 Not a single co-patenting linkage between the NMS and the
EU-15 group exists for the following technology fields: TF2 Tobacco prod., TF4 Wearing
& apparel., TF5 Leather articles, TF12 Paints & varnishes and TF41 Watches & clocks.
With respect to the growth rates of international research co-operations between the 1990s
and 2000s, the most dynamic technology fields (with the highest growth rates) are the fol-
lowing: TF3 Textiles (7000%), TF27 Domestic appliances (5450%), TF7 Paper (3500%),
TF42 Motor vehicles (2811%), TF31 Accumulators & battery (2700%), TF20 Fabricated
metal prod. (1775%), TF14 Soaps & detergents (1500%), TF18 Non-metal mineral prod.
(1260%), TF33 Other electr. equip. (1200%), TF13 Pharmaceuticals (1194%). For com-
parison purposes, table 4.7 and figure 4.10 summarize the growth rates in co-patenting
linkages for all 43 technology fields.

Finally, an alternative way to analyze the size, structure and centrality of European regions
is to visualize the European technology-specific co-patenting networks at different spatial
levels (TL3, TL2). Network analysis tools are applied in order to calculate and visualize the
relative position of European regions in the respective networks (see also section 4.3.6).444

441 These ten countries joined the European Union on 1 May 2004 during the fifth enlargement process.
442 For a complete overview and list of abbreviations of all 51 technology field aggregates used in the

following graphs and tables see table B.4 (appendix).
443 Again, it is essential to note that technology fields show varying patenting propensities.
444 The subsequent network graphs are computed and visualized by using the “Harel-Koren Fast Multi-

scale Algorithm” in the Codeplex NodeXL software environment. It is a force-directed algorithm that
is designed to make all linkages about the same length and to minimize line crossings.
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4.3. European Co-Patenting Networks and Foreign Co-Inventors 261

Table 4.7. Structure of network linkages between the NMS and EU-15

# inter-
regional TL3 

linkages [inter-
TL1 between 

country 
overall]

# inter-
regional TL3 

linkages 
[between 

NMS and EU-
15]

share inter-
regional TL3 

linkages 
[between 

NMS and EU-
15]

# inter-
regional TL3 

linkages [inter-
TL1 between 

country 
overall]

# inter-
regional TL3 

linkages 
[between 

NMS and EU-
15]

share inter-
regional TL3 

linkages 
[between 

NMS and EU-
15]

TF1_Food_beverages 745 21 2,82% 2.993 56 1,87% 35 167% +
TF2_Tobacco_prod 12 0 0,00% 22 0 0,00% 0 -
TF3_Textiles 333 1 0,30% 826 71 8,60% 70 7000% +++
TF4_Wearing_apparel 26 0 0,00% 75 0 0,00% 0 -
TF5_Leather_articles 13 0 0,00% 27 0 0,00% 0 -
TF6_Wood_prod 24 1 4,17% 62 1 1,61% 0 0%
TF7_Paper 297 1 0,34% 778 36 4,63% 35 3500% +++
TF9_Petrol_prod_nucl_fuel 128 8 6,25% 504 20 3,97% 12 150% +
TF10_Basic_chemical 5.197 98 1,89% 12.802 749 5,85% 651 664% ++
TF11_Pesticide_agrochem_prod 511 11 2,15% 1.480 22 1,49% 11 100%
TF12_Paints_varnishes 25 0 0,00% 18 0 0,00% 0 -
TF13_Pharmaceuticals 6.238 149 2,39% 26.010 1928 7,41% 1779 1194% +++
TF14_Soaps_detergents 873 1 0,11% 1.501 16 1,07% 15 1500% +++
TF15_Other_chemicals 554 9 1,62% 964 54 5,60% 45 500% +++
TF16_Man_made_fibre 50 4 8,00% 132 0 0,00% -4 -100% -
TF17_Rubber_plastic_prod 1.019 9 0,88% 2.557 38 1,49% 29 322% +
TF18_Non-metal_mineral_prod 1.020 5 0,49% 1.902 68 3,58% 63 1260% +++
TF19_Basic_metals 640 8 1,25% 1.565 100 6,39% 92 1150% +++
TF20_Fabric_metal_prod 493 4 0,81% 1.301 75 5,76% 71 1775% +++
TF21_Energy_machinery 427 9 2,11% 1.690 75 4,44% 66 733% ++
TF22_Nonspec_machinery 891 18 2,02% 2.541 93 3,66% 75 417% +
TF23_Agricul_forestry_machinery 150 4 2,67% 1.108 16 1,44% 12 300% +
TF24_Machine_tools 263 6 2,28% 911 28 3,07% 22 367% +
TF25_Spec_purp_machinery 1.376 28 2,03% 3.790 87 2,30% 59 211% +
TF26_Weapons_ammunition 23 16 69,57% 34 0 0,00% -16 -100% -
TF27_Domestic_appliances 431 2 0,46% 1.216 111 9,13% 109 5450% +++
TF28_Office_mach_computers 686 26 3,79% 3.318 136 4,10% 110 423% +
TF29_Electric_motors_generators 76 6 7,89% 453 50 11,04% 44 733% ++
TF30_Elec_distr_contr_wire_cable 227 7 3,08% 714 41 5,74% 34 486% +
TF31_Accumulators_battery 36 1 2,78% 442 28 6,33% 27 2700% +++
TF32_Lighting_equipment 46 6 13,04% 121 16 13,22% 10 167% +
TF33_Other_electr_equip 135 4 2,96% 711 52 7,31% 48 1200% +++
TF34_Electr_components 437 14 3,20% 1.896 105 5,54% 91 650% ++
TF35_Signal_transm_telecom 781 44 5,63% 5.359 277 5,17% 233 530% ++
TF36_TV_radio_receiv_audio 191 7 3,66% 712 30 4,21% 23 329% +
TF37_Med_equipment 1.256 20 1,59% 5.019 93 1,85% 73 365% +
TF38_Measuring_instruments 1.418 61 4,30% 5.970 517 8,66% 456 748% ++
TF39_Ind_proc_contr_equip 212 5 2,36% 477 10 2,10% 5 100%
TF40_Opti_instruments 335 5 1,49% 1.316 32 2,43% 27 540% ++
TF41_Watches_clocks 27 0 0,00% 102 0 0,00% 0 -
TF42_Motor_vehicles 762 9 1,18% 3.899 262 6,72% 253 2811% +++
TF43_Other_transp_equip 203 2 0,99% 576 12 2,08% 10 500% ++
TF44_Furniture_consum_good 264 16 6,06% 455 3 0,66% -13 -81% -

1990-1994 2000-2004

inter-regional TL3 
linkages [between 
NMS and EU-15]

Co-inventor network structure: inter-regional TL3 linkages between NMS and EU-15 (and CH and NO)

change

technology field

Source: own calculations and illustration. Notes: Number of linkages by technology-specific co-patenting
network (1990-1994 and 2000-2004); network linkages calculated by mySQL database extractions from
OECD RegPAT (January 2009).
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262 4. European Co-Patenting Networks and Inter-Regional Linkages

In the following, network visualization is used to present five selected technology fields,
i.e., TF10 Basic chemicals ; TF13 Pharmaceuticals ; TF38 Measuring instruments ; TF41
Watches & clocks ; TF42 Motor vehicles. With regard to European enlargement and the
integration of the NMS, the NMS regions are symbolized as red solid triangles. The TOP20
central EU-15 regions are visualized as blue solid squares. Network statistics below the
network graphs give additional information. The main objective is to examine the number
of NMS regions and the network structure in 1990-1994 and 2000-2004 and to identify the
most central EU-15 regions.

Figure 4.11 visualizes the co-patenting network for TF10 Basic chemicals for the period
1990-1994. The overall network includes 606 European regions (from 23 countries) and
an overall number of 56,363 inter-regional TL3 linkages; 5,197 of these linkages are of
international type and 5,200 unique linkages exist between the 606 regions. The number
of NMS regions that are incorporated into the spatial network of co-inventors in the 1990s
is 34. One decade later (2000-2004), the co-patenting network has grown considerably (see
figure 4.12); 697 TL3 regions (within 27 countries) are now active in inter-regional co-
patenting. Moreover, the network analysis points to 83,218 inter-regional linkages between
European regions. 12,802 of these linkages are of international type; 7,840 unique linkages
exist between 697 European regions. 83 NMS regions are identified which are connected
to the European inter-regional co-patenting network. A comparison of the two network
graphs shows that a significant integration of former CEEC regions has taken place since
the 1990s.

Another important technology field represents TF13 Pharmaceuticals. Figure 4.13 visu-
alizes the co-patenting network for the period 1990-1994. The overall network includes
573 European regions (23 countries) and an overall number of 51,194 inter-regional TL3
linkages; 6,238 of the linkages are of international type. The number of NMS regions
that are incorporated into the European network of co-inventors in the 1990s is 32. Be-
tween the 1990s and the 2000s, the co-patenting network has grown considerably (see
figure 4.14). The network consists of an overall number of 709 TL3 regions (within 26 EU
countries) which are active in the inter-regional co-patenting network. Moreover, 147,266
inter-regional linkages between European regions (intra- and international) are calculated;
26,010 of these linkages are of international type.

Figure 4.15 visualizes the co-patenting network for TF38 Measuring instruments for the
period 1990-1994. The TL3 network is built upon 515 regions (22 countries) and con-
sists of an overall number of 14,205 inter-regional linkages. 1,418 of these linkages are of
international type (and thus border crossing). The number of NMS regions, which are
incorporated into the spatial network of co-inventors, is 19. Between the 1990s and 2000s,
the co-patenting network has expanded (see figure 4.16). In the 2000s, the network includes
an overall number of 632 TL3 regions (24 countries) that are active in the inter-regional
co-patenting network. Furthermore, the network analysis identifies 44,710 linkages between
these regions; 5,970 are international. 44 NMS regions are involved in co-patenting between
the year 2000 and 2004.

Quite different dynamics can be observed in the technology field TF41 Watches & clocks.
For comparison purpose, figures 4.17 and 4.18 visualize the co-patenting network for the
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periods 1990-1994 and 2000-2004. The inter-regional TL3 network is built upon 70 Euro-
pean regions (within 7 countries) and consists of an overall number of 451 inter-regional
research linkages. Twenty seven of these linkages are of international type. No single
NMS regions is incorporated into the spatial network of co-inventors. Until the 2000s,
the co-patenting network slightly expanded its size (refer to figure 4.18). Nevertheless, in
the 2000s, the European network only contains 94 TL3 regions (from 9 countries) which
are active in inter-regional co-patenting. Furthermore, there exist 683 research linkages
between these regions; only 102 are crossing national borders.

Finally, figure 4.19 visualizes the European regional co-patenting network for TF42 Motor
vehicles for the period 1990-1994. In the 1990s, the overall network consists of 484 Eu-
ropean TL3 regions, covering 20 countries. It is built upon an overall number of 14.330
inter-regional TL3 research linkages. 762 of these linkages are crossing national borders.
The number of NMS regions, which are incorporated into the spatial network of co-inventors
is 12. In the 2000s (refer to figure 4.20), the co-patenting network is much larger compared
to the 1990s. 580 TL3 regions (24 countries) can be identified that are active in the inter-
regional European co-patenting network. Furthermore, 47,250 linkages exist between these
regions; 3,899 of the linkages are crossing national borders compared to 762 in the 1990s.
Compared to the small number in the 1990s, 39 NMS regions are active in the 2000s.

To conclude, the network graphs clearly show that the most central European regions are
leading research clusters in the EU-15 regions (see also chapter 3, section 3.5.4.2, and
chapter 4, section 4.3.6). Besides the well-known fact that offshoring and outsourcing
into the NMS has increased since the 1990s, evidence was rather weak regarding the de-
velopment of border-crossing, knowledge-intensive tasks. It can be concluded from the
presented networks and the overview of technology-specific growth rates of linkages in ta-
ble 4.7 and figures 4.9 and 4.10 that NMS regions seem to be increasingly integrated into
inter-regional co-patenting networks. Moreover, it is obvious that the overall number of
unique NMS regions (and linkages) in the technology field-specific networks has grown
considerably since the 1990s. The visualized networks give additional support to this in-
terpretation. However, the presented results should be enriched by in-depth regional case
studies and microeconometric studies in the future in order to identify the place-specific
factors that drive co-patenting activity and research collaboration between EU-15 regions
and the regions in the NMS.
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Fig. 4.9. Change (number) of co-patenting linkages between NMS and EU-15
Source: own calculations and illustration. Notes: Change of number of linkages by technology-specific
co-patenting network (1990-1994 and 2000-2004).
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Fig. 4.10. Change (%) of co-patenting linkages between NMS and EU-15
Source: own calculations and illustration. Notes: Growth of linkages by technology-specific co-patenting
network (1990-1994 and 2000-2004).
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4.3.6. European Regional Co-Patenting Networks: Local Network Statistics

4.3.6.1. Co-Patenting Networks and the Centrality of Regions

The applied methodology in this section explores relational aspects in EPO patent applica-
tions, i.e., inter-regional co-patenting networks. The observed spatial dependence in patent
statistics is challenged and explored by means of a direct analysis of EPO co-patenting link-
ages in a technological and spatial context. Local network statistics, i.e., network centrality
analyses, complement the global network statistics. This section centers the centrality of
European regions based upon inter-regional co-patenting linkages.445

In order to understand the complexity and dynamics of industries and their underlying
co-inventorship-network structure, the location and centrality of regions within EPO co-
inventorship networks have to be evaluated. To accomplish such an analysis, and to answer
the proposed research questions, “degree centrality” and “betweenness centrality” indices
are calculated for each of the 819 TL3 regions and their TL2 aggregates for the period 2000-
2004 as described in section 4.3.3. The results are illustrated in the following tables.446

Tables 4.8 and 4.9 provide the ranked order of the TOP10 European TL3 regions for the
period 2000-2004 by means of degree centrality in 43 technology fields.447 Tables B.9 and
B.10 (appendix) additionally present the TOP10 European regions in terms of betweenness
centrality for the 43 technology field aggregates. Finally, for comparison purposes, the cen-
trality of regions in the networks at the higher TL2 level have been additionally calculated
and the results support the observed structures, however, at a more aggregated level. The
results are very similar to the ones reported above.448 The analysis clearly unveils that
among the most central regions are, e.g., DE72 Stuttgart, DE93 München, DE42 Düssel-
dorf, DE51 Rhein-Main, DE52 Starkenburg, DE86 Industrieregion Mittelfranken, DE30
Berlin, DE66 Rheinpfalz, DE68 Unterer Neckar, CH011 Vaud, CH057 Thurgau, CH022
Freiburg, CH055 St. Gallen, CH040 Zürich, CH033 Aargau, CH021 Bern, FR105 Haute-de-
Seine, FR103 Yvelines, FR623 Haute-Garonne, FR716 Rhone, FR101 Paris, ITC45 Milano,
NL33 Zuid-Holland, UKH12 Cambridgeshire CC, UKJ11 Berkshire, DK001 Kopenhavns
og Frederiksberg/ DK002 Kopenhavn amt. A comprehensive overview is given in the sub-
sequent tables. The overall picture shows meaningful similarities to the calculated RCI
(see chapter 3, section 3.5). It is obvious that the majority of listed European TOP10
regions are located within the leading European countries, i.e., Germany, Switzerland,
France, the United Kingdom, the Netherlands, Italy. Furthermore, the identified central

445 In this respect, the analysis has to be recognized as a complemental approach to patent citation
studies. The analysis is also different from knowledge production function approaches that solely
measure potential (and global) inter-regional spillovers. Co-patenting network analysis is considered
a complemental approach to econometric estimations in a knowledge production function tradition
(refer to section 2.2.3).

446 A full listing of all centrality indices for all 819 regions and 43 technology fields is beyond the scope
of this study. Detailed information is available from the author upon request.

447 For a complete overview and list of abbreviations of all technology field aggregates used in the graphs
see table B.4 (appendix).

448 Calculations are available upon request from the author.
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network regions represent dense urban regions, i.e., capital regions or metropolises. No sin-
gle NMS region is part within the TOP10 ranking, although NMS regions are increasingly
incorporated into the networks.
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280 4. European Co-Patenting Networks and Inter-Regional Linkages

4.3.6.2. Co-Agglomeration of Co-Patenting Networks

Another serious research issue that is approached in this study is to what extent innovative
European regions have a similar (perhaps central) network position with respect to differ-
ent technology fields (geographical coincidence). Assuming that leading innovative regions
obtain a central position in different technology fields, “co-inventor network centrality”
can be used to analyze co-agglomeration of technology fields. In this respect, the analysis
in this section challenges (analogous to section 3.5.5) the following crucial question: Are
some European regions central multi-technology network hubs? Therefore, regions’ rank-
ing positions in technology-specific networks are compared to the positions in all other
technology-specific networks. Spearman rank correlation coefficients for co-inventor cen-
trality indices are calculated for all 43 technology fields.449 Finally, the calculated rankings
are used to calculate the correlation matrices for the reference period 2000-2004. The ob-
tained Spearman correlation coefficients illustrate to what degree the respective co-inventor
network centrality rankings of regions in two technology fields overlap. Therefore, the ob-
tained results can be used as a proxy to discuss the existence of “multi-technology” network
hubs and thus “diversified” network regions in Europe.

To illustrate the results, correlograms are used to visualize the spatial pattern of co-location
of technology-specific co-inventorship networks (see also chapter 3). Such correlograms are
constructed for all 43 co-patenting networks based on different centrality indices (degree
centrality, eigenvector centrality, betweenness centrality). The correlation coefficients are
again shaded; coefficients between 0.5 and 0.7 in light grey, coefficients above 0.7 in dark
grey. In case that the centrality rankings are very similar, the coefficients should ex-
hibit high correlation. Thus, high Spearman rank correlation coefficients between two
technology fields then mean that the two technology fields are similar in their network
centrality patterns (ranking). It can be interpreted as a possible proxy for geographical
coincidence/co-agglomeration of co-patenting networks.

Figure 4.21 (and figures A.44 and A.45, appendix) highlights the computed Spearman rank
correlation matrices by centrality index and technology field.450

449 If a region has a low network centrality in terms of co-inventorship compared to other regions, a low
ranking position is given to this unit. If a region is not connected to the respective network at all,
a centrality parameter value of zero is assigned to this unit. This happens for a certain number of
regions. Therefore, the higher TL2 level was chosen for the correlation analysis.

450 It is worth remembering that the centrality indices are calculated from inter-regional co-patenting
linkages at the TL2 level. The TL2 level treats linkages within the same TL2 region as a self loop;
moreover, it controls for inventor commuting and skewness of the distribution (averaging process).
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282 4. European Co-Patenting Networks and Inter-Regional Linkages

To conclude, the empirical analysis in this section yields the following results. The correl-
ogram for degree centrality (importance of regions in terms of overall number of unique
linkages) shows empirical evidence for the “multi-technology hub” hypothesis (see figure
4.21). Most networks co-locate in those regions that are central in several technology-
specific co-patenting networks (in terms of heterogenous linkages), which supports the
diversification hypothesis. High correlation coefficients can be observed for the following
technology fields: TF28 Office mach. & computers and TF35 Signal transm. & telecom.
(0.92); TF10 Basic chemicals and TF13 Pharmaceuticals (0.94).

Innovative regions also exhibit a “gatekeeping position” (betweenness centrality) in sev-
eral technology fields as shown by high Spearman coefficients (see figure A.44, appendix).
TF10 Basic chemicals and TF13 Pharmaceuticals show a very high Spearman coefficient
(0.83), which means that the central regions in the co-patenting network in TF10 Basic
chemicals also dominate the TF13 Pharmaceuticals co-patenting network and are essential
for the overall connectedness of the two networks. Similarly, the centrality ranking of TF38
Measuring instruments and TF13 Pharmaceuticals is highly correlated (0.84).

Finally, the eigenvector correlation matrix (see figure A.45, appendix) highlights the cor-
relation coefficients for all 43 technology fields in terms of important linkages (to the most
central regions). High Spearman coefficients then mean that the technology-specific co-
patenting networks are determined by the same regions. These regions have many impor-
tant linkages to other highly connected (and innovative) regions, which represents empirical
evidence for dense networks.

With regard to the hypotheses, the correlograms illustrate that there is indeed some kind
of evidence for co-location/ co-agglomeration of technology fields in Europe, meaning that
the centrality rankings of the regions show similarities. Comparing degree centrality in-
dices, the results of this study suggest that leading innovative regions are indeed central
for the majority of technology field-specific co-patenting networks (TF1 to TF44). Centers
of co-patenting activity seem to co-locate, on average, in identical regions, which gives first
support to the hypothesis that European regions are “multi-field” network nodes. More-
over, the Spearman rank correlation coefficients are much higher for eigenvector centrality
indices than for betweenness or degree centrality, which may be interpreted as evidence
for the presence of dense networks between leading innovative regions and the existence of
meaningful core-periphery structures.
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5. Research Clustering, Income Disparities and the

Growth of Regions in Europe

5.1. Analyzing Regional Disparities and Growth

Having explored spatial concentration, clustering and inter-regional co-patenting networks
across Europe and the ERA in the former chapters 3 and 4, the following analysis will be
shifted towards regional income disparities and regional growth.

Spatial income inequality (i.e., non-normal spatial distribution of income) is a phenomenon
that determines the structure of both leading industrialized regions and regions in transi-
tion. According to Scott and Storper (2003), considering globalization as a simple spreading
out of economic activity into a fluid “space of flows” seems to be a fundamental mistake.
The analyses in the former chapters have already pointed out the persistence of clustering
and geographic concentration of research activity across European regions. Thus, global-
ization is supposed to be accompanied by persistent agglomerative tendencies. As Scott
and Storper (2003, 582) argued,

“[i]n sum, large-scale agglomeration - and its counterpart, regional economic special-

ization - is a worldwide and historically persistent phenomenon that is identifying

greatly at the present time as a consequence of the forces unleashed by globalization.

This leads us to claim that national economic development today is likely not to be

less but rather more tied up with processes of geographical concentration compared

with the past.”

With respect to the European regional development, it is especially important to analyze
the spatial distribution of the gross domestic product (GDP) at the regional level. Al-
though the European member countries seem to converge with respect to economic activity
at the national level, several existing regional studies point to divergence and increasing
within-subgroup inequality (Frenken and Hoekman, 2006; Paas and Schlitte, 2007; Cre-
spo Cuaresma et al., 2009b).451 European enlargement activities have to deal with the
issue of considerable income disparities within and between the European member states
and their regions, as has already been discussed in the introductory chapter. Accordingly,
there may be a crucial implication for the explicit target of regional convergence, especially
at the regional level where several European policy tools are applied (e.g., NUTS2 and
TL2/TL3) (OECD, 2003, 2006; European Commission, 2007c). The European Commu-
nity’s objective is to enhance economic and social cohesion and to achieve equity (Articles
2 and 4, and Title XVII of the Treaty establishing the European Community).452

451 See also Duro (2004), Combes and Overman (2004), Brülhart and Traeger (2005) and Combes et al.
(2008).

452 For a comprehensive review of the European structural policies refer to Rodŕıguez-Pose and Fratesi
(2007) and European Commission (2011f) and European Commission (2011h).
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The European Cohesion Policy and the objectives have their roots in Articles 2 and 4 and
Title XVII of the Treaty of the European Community. According to Article 2, European
cohesion policy should contribute to “[p]romote economic and social progress as well as a
high level of employment, and to achieve balanced and sustainable development.” Moreover,
article 158 adds that “[i]n particular, the Community aims to reduce the disparities between
the levels of development of the different regions and the backwardness of the least favored
regions or islands, including rural areas.” The European cohesion policy represents the
second-largest item in the European Union’s budget. The largest amount of European
regional policy funding (over 80%) is applied to European regions that are falling under
the European convergence objective. This policy objective generally focuses on NUTS2
regions. Financial support is given if regional per capita GDP is less than 75% of the EU-25
average (and, respectively, of the EU-27 average).453 Box 5.1 summarizes key information
about the European cohesion policy.

A strong motivation and solid argument for analyzing the structure and dynamics of Eu-
ropean income distribution and European regional growth is based upon the fact that
economic activity seems to show a persistent non-normal distribution as well as regional
interdependence (Fotheringham et al., 2002; Hauser et al., 2008; Andersson and Gr̊asjö,
2009).454 Regarding the OECD TL3 level, pan-European disparities and regional growth
have not been very well studied so far. The majority of studies ignore variation at the level
of smaller units as they are restricted to the NUTS1 or NUTS2 level (approximately 50-250
large aggregates) (Combes and Overman, 2004; Monfort, 2008). Therefore, one objective
of the analysis in this chapter is to provide a systematic measurement of the distribution
of economic activity and the regional components of inter- and intra-regional disparities
of GDP per capita (PPP) over time and across the entire population of 819 European
regions.

According to Maggioni and Uberti (2009), a crucial and worrying aspect of the European
integration process is that the productive capacity agglomeration process, which emerges
from market forces, may become too strong and may lead to social debates due to effects
on wages, production, productivity and employment structures. There is evidence that
countries that have experienced diverging regional income disparities tended to have, on
average, higher national real GDP levels and growth rates, which is in line with the theo-
retical results of NEG models, as presented and discussed in chapter 2 (see sections 2.1.5.5
and 2.1.6.7).455

With respect to the European case, there is evidence that regions within the group of
the 10 NMS are rather diverging compared with the EU-15 group of regions (Szörfi, 2007;
Paas and Schlitte, 2008). Regarding cohesion, the core of European growth and the gravity
center of future regional European cohesion policy is considered to have relocated to other
parts of the European landscape of regions (see Box 5.1). The eastern enlargement process
has induced an increase of about 30% of the European areal surface, an increase of more
than 25% of the European population, but no significant increase in average per capita

453 The NUTS2 level represents the level for structural cohesion policy. From an economic perspective,
however, the NUTS2 level is problematic for several reasons (see also the discussion in chapter 3 and
4).

454 See also Anselin (2007).
455 See also Williamson (1965) and Baldwin and Martin (2004).
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GDP (European Commission, 2003, 2004). Until the 1990s, the European regional growth
poles were mainly concentrated in EU-15 metropolises, e.g., Munich, Berlin, Brussels,
Vienna, Hamburg, Paris, Madrid, Milan, Rome. In the 1990s, new growth poles emerged
in the capital towns and urban regions in Scandinavian countries, Spain, Ireland and
recently in the NMS (Heidenreich, 1998). Moreover, it has been argued that economic
growth and income is characterized by bi- or tri-modal distributions, originating from
strong secondary growth poles (e.g., Naples, Barcelona, Stuttgart, Hamburg, Frankfurt in
the EU-15). Nevertheless, the existing regional studies are mainly restricted to large macro
regions (Abrham and Vosta, 2006; Melchior, 2008).456

This first part of chapter 5 analyzes income inequality dynamics. The analysis represents
a pure quantitative approach that makes use of regional GDP per capita and population
data. The section approaches the spatial inequality of per capita income for the period
1995 to 2006 by explicitly measuring the distribution and the structural dynamics across
European regions (i.e., up to 819 TL3 regions). Several studies have shown that inequality
increases with disaggregation from the macro to the micro level (Openshaw and Taylor,
1979). Therefore, the analysis decomposes the overall inequality/disparity (global spatial
inequality) of GDP per capita (PPP) into a within-subgroup and between-subgroup com-
ponent. Besides Gini computation, this study also applies generalized entropy measures.
The analysis centers on EU-25 countries, but it also includes Switzerland and Norway,
as they are geographically part of the European continent. Applying the statistical tools
at the very disaggregated OECD TL3 level should help to depict spatial income dispari-
ties much better than using the European regional classification system (NUTS1/2-level),
which is generally used for analyses of the European convergence objective. Moreover,
the TL3 regions resemble functional regions and minimize potential spatial autocorrelation
(see also chapter 4, section 4.2). The OECD definition should be aggregated enough to
represent functional units.

In the first part of the chapter, the analysis tries to find empirical evidence for the fol-
lowing research questions: (i) Is GDP per capita still highly concentrated and unequally
distributed within and between the European countries? (ii) Do the EU-15 countries show
different patterns of regional disparity in terms of GDP per capita compared with the
10 NMS? (iii) Have regional disparities been persistent, decreasing or increasing since the
1990s? The analysis is related to the theoretical concepts and models on core-periphery
structures reviewed in chapter 2, section 2.1, and contributes to the empirical studies pre-
sented in section 2.2.2.

Furthermore, besides the above-described inequality analysis at the level of European re-
gions, the empirical analysis in the second part of this chapter also places emphasis on
the question of whether patenting activity and the regional settlement structure do have
a significant effect on regional growth and whether the EU-15 and the NMS regions show
convergence of per capita income.

456 Refer also to Heidenreich (1998) and Duro (2004).
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Box 5.1: European Regional Policy

The European Fund for Regional Development (EFRD), the European Social Fund (ESF)
and the Cohesion Fund (CF) are organized around three central objectives: (i) convergence,
(ii) regional competitiveness and employment, and (iii) European territorial co-operation (Eu-
ropean Commission, 2011g,f,h). The overall budget between 2007-2013 is Euro 347bn; Euro
201bn for the ERDF, Euro 76bn for the ESF, and Euro 70bn for the CF. The convergence
objective is financially based on the ERDF, the ESF and the CF (European Commission,
2011g,f). The CF has been implemented in order to support European member countries
whose gross national income per inhabitant is less than 90% of the EU average. The main
target is to improve the economic and social conditions in backward member countries and to
stabilize their economies (European Commission, 2011h). For the years 2007 to 2013, the CF
is targeting Bulgaria, Cyprus, the Czech Republic, Estonia, Greece, Hungary, Latvia, Lithua-
nia, Malta, Poland, Portugal, Romania, Slovakia and Slovenia. Spain receives a phase-out
fund if its GNI per inhabitant is less than the EU-15 average (national comparison) (European
Commission, 2011g,e).
The ESF aims to improve European employment and job opportunities. The program in-
tervenes in the framework of the convergence and regional employment and competitiveness
objectives (European Commission, 2011g,f,h).
The ERDF is implemented to strengthen social and economic cohesion in the European Union
by addressing imbalances between EU regions. Regarding the 2007-2013 funding program, the
European Union’s policy at the regional level is based upon three objectives: (i) convergence,
(ii) regional competitiveness and employment, and (iii) European territorial co-operation. The
three pillars replace the previous policy objectives of the period 2000-2006 (i.e., the antecedent
Objectives 1, 2 and 3 ) (European Commission, 2011h).
The (regional) convergence objective covers those regions whose GDP per capita is below 75%
of the regional EU average. Nearly all the regions of the NMS and many regions in Spain,
Southern Italy, Greece, Portugal and in the New Laender (Germany) correspond to this crite-
rion. The main priorities under the convergence objective are (i) human and physical capital,
(ii) innovation output, (iii) the knowledge society, (iv) environment and (v) administrative
efficiency. The budget allocated to the convergence objective is Euro 283bn (current prices).
The past enlargement rounds (2004: 10 countries; 2007: 2 countries) have led to a decrease
of the European average GDP per capita (section 5.3) (European Commission, 2011e). That
being the case, several regions in the “old” EU-15 member states, which used to be authorized
to receive funding under the convergence objective, are now beyond the 75% threshold level
of the enlarged European Union. These regions can receive “phasing out” funding until the
year 2013 (European Commission, 2011e).
The European Commission additionally advances European inter-regional co-operation in or-
der to support European regions (and cities) in member states for joint programmes, projects
and networks (European Commission, 2011d).

According to Barro and Sala-i-Martin (1991), among others, β-convergence is a necessary
condition for σ-convergence, and usually the former process generates the latter. However,
it is also possible for initially poor regions and countries to grow faster than initially
rich ones, meaning that cross-sectional dispersion is either constant or increasing in the
course of time (Barro and Sala-i-Martin, 2003; Hagemann, 2004). Since the famous cross-
country studies of Baumol (1986), Abramovitz (1986), Barro (1991), Barro and Sala-i-
Martin (1991), Barro and Sala-i-Martin (1992) and Mankiw et al. (1992), the convergence-
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divergence debate has also reached the level of regions (Abreu et al., 2004, 2005; Harris,
2008).457

Barro and Sala-i-Martin (1991, 154) have analyzed a cross-section of 85 European regions
for the period 1950-1985, and have found some kind of

“[e]mpirical regularity that the rate of beta-convergence is roughly 2% a year in a

variety of circumstances [...] the half-life of this convergence process is 35 years.”

Moreover, Barro and Sala-i-Martin (2003, 496) concluded that

“[t]he unconditional beta-convergence is the norm for these regional economies.”

The existence and economic and political consequences of industry agglomerations, research
clustering and spatial concentration of research in general are nowadays increasingly chal-
lenged. Furthermore, the issues of convergence and divergence are highly visible in the
European policy agenda (Acs, 2002; Fujita and Krugman, 2003; Fujita and Mori, 2005).458

The question is whether the initial income levels of poorer regions converge to the level of
industrialized regions, which has some implications for regional growth paths and leads to
normative conclusions.

According to the economic theories, convergence and/or divergence may occur depending
on several structural factors. Neoclassical growth theory mainly argues for unconditional
β-convergence due to decreasing returns of input factors (capital, labor) in the produc-
tion function and homogeneous steady-state paths, whereas adherents to the endogenous
growth theory and new economic geography argue for conditional convergence or even di-
vergence (Martin and Ottaviano, 1999; Baldwin and Martin, 2004; Hagemann, 2004). The
conditional convergence hypothesis is in general highly pessimistic with respect to homo-
geneous steady states. Absolute convergence to a unique steady state seems only plausible
when analyzing within-country convergence; in this case, it is most likely to assume similar
saving rates, technology bases, population growth, governmental policy, property rights
and other conditions (Harris, 2008). In respect of between-country convergence, espe-
cially at the regional level, the units appear to have different steady-state paths (Solow,
2007; Brakman and van Marrewijk, 2008; Battisti and Vaio, 2008). However, the number
of growth estimations at the regional level is still quite small compared with the overall
number of cross-country studies at the national level. Regarding the origins of regional
divergence, the spatial distribution of knowledge stocks and researchers is considered a
crucial factor for regional development. Chapters 3 and 4 already demonstrated that the
distribution of knowledge stocks (i.e., patenting activity) in Europe shows core-periphery
structures. Persistent core-periphery structures in patenting activities should then be re-
flected in significant differences regarding regional growth rates (see sections 2.1.6.6 and
2.1.6.7), meaning that regions (and countries) exhibit divergence. This hypothesis will be
tested in section 5.4.

The convergence-divergence hypothesis has been frequently tested by application of a σ-
convergence measure. σ-convergence happens if the disparity of regional income levels

457 Baumol (1986) has used data for the period 1870-1978 to show convergence of productivity of sixteen
industrialized countries.

458 Baldwin and Krugman (2001) and Fujita et al. (2001).
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decreases in the course of time (Bräuninger and Niebuhr, 2005, 2008).459 Further to
this, β-convergence does not necessarily mean that regional inequalities are decreasing
(Quah, 1993; Arbia et al., 2005). Additionally, it has been shown in studies that spatial
effects (i.e., spatial autocorrelation) have to be considered in regional convergence anal-
yses, especially when large spatial aggregates are used (Dewhurst and McCann, 2007).
Neglecting spatial effects between regions would reduce regions to isolated islands in a
non-interdependent space (Paas and Schlitte, 2008).460 Nevertheless, some studies already
reported that the implementation of national and regional controls might reduce spatial
dependence (Bräuninger and Niebuhr, 2005; Geppert and Stephan, 2008).461

From an empirical perspective, the determinants of regional growth and income disparities
in Europe have received increasing attention in recent years (Harris, 2008; Geppert and
Stephan, 2008; Petrakos and Artelaris, 2009).462 Box 5.2 offers a short overview of regional
studies.463

The great majority of authors restricted their research efforts on the level of administra-
tively defined macro regions, which sometimes consist of spatial units representing the
nation state (e.g., Cyprus, Denmark, Estonia, Latvia, Lithuania, Luxembourg, Malta and
Slovenia). It is obvious that such classifications are by definition not suited for an analysis
of regional settlement structures, agglomeration economies, commuting effects and various
forms of spatial spillovers (Brakman et al., 2005). Moreover, several researchers followed
the predefined NUTS classification, although empirical evidence has suggested that the
NUTS2 level is inferior for many reasons. The perhaps most serious issue is that spa-
tial dependence is present in most NUTS1/2 regressions; the autocorrelation of dependent
variables and covariates appears as a result of the averaging process in the context of data
aggregation.464 In general, the averaging process via spatial aggregation is considered to
reduce the variance within the population of spatial units (Dewhurst and McCann, 2007).

459 See also Durlauf and Quah (1999), Niebuhr and Schlitte (2004) and Paas et al. (2007).
460 See also Quah (1996), Rey and Montouri (1999) and Le Gallo and Dall’erba (2003).
461 Ezcurra et al. (2007, 403), among others, recently explained their decision to rely on NUTS2 units

as follows: “It should be noted, however, that, as in any analysis of spatial data involving different
geographical units, our results may be sensitive to the level of territorial disaggregation adopted (see
Ertur et al. (2006) for further details on this issue). In any event, it is worth mentioning that our
decision to work with NUTS-2 regions is justifiable in terms of European regional policy considerations.
In fact, this is the spatial level at which eligibility under Objective 1 of Structural Funds is determined
since the reform of the European regional policy in 1989.”

462 See also Duro (2004) and Arbia et al. (2005).
463 For an extended overview see Baumont et al. (2003), Le Gallo and Dall’erba (2003), Magrini (2004),

Niebuhr and Schlitte (2004), Abreu et al. (2005), Fischer and Stirböck (2006), Feldkircher (2006),
Frenken and Hoekman (2006), Paas and Schlitte (2008), Battisti and Vaio (2008), Petrakos and Arte-
laris (2009), Crespo Cuaresma et al. (2009a), Crespo Cuaresma et al. (2009b) and Crespo Cuaresma
et al. (2010).

464 Refer also to chapter 4, section 4.2 for more details.
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Box 5.2: Regional Growth Studies - A Short Overview

The majority of existing regional studies have examined the European growth process at an
aggregated spatial level (large regional administrative units), e.g., at the NUTS1/NUTS2
level (Magrini, 2004; OECD, 2009a). Studies in this line are, among others: Baumont
et al. (2002) (138 NUTS2 regions, 1980-1995); Feldkircher (2006) (246 NUTS2 regions, 1995-
2002); Bräuninger and Niebuhr (2005) (192 NUTS2 regions, 1980-2002); Debarsy and Ertur
(2006) (237 NUTS2 regions, 1993-2002); Brakman and van Marrewijk (2008) (257 NUTS2 re-
gions, 1995-2005); Brülhart and Traeger (2005) (236 NUTS2 regions, 1975-2000); Fischer and
Stirböck (2006) (256 NUTS2 regions, 1995-2000); Petrakos et al. (2007) (249 NUTS2 regions,
1990-2003); Crespo Cuaresma et al. (2009b) (255 NUTS2 regions, 1995-2005); Martin (2001)
(195 NUTS regions, 1975-1998); Rodŕıguez-Pose and Fratesi (2004) (195 regions, 1988-1999);
Ezcurra et al. (2007) (197 NUTS2 regions, 1977-1999).
It is obvious that all listed studies are conceptualized at the more aggregated NUTS1/2 level,
which enforces spatial dependence in regressions due to data averaging via the aggregation
process. Moreover, the majority of studies are based on the “Cambridge Econometrics re-
gional database”, which represents a workhorse database in European growth-convergence
studies at the NUTS1/2 level.

The studies of Niebuhr (2001), Christopoulos and Tsionas (2004) and Dall’Erba (2005),
among a few others, are restricted on within-country growth patterns for selected countries
at the much smaller NUTS3 level, which is, however, closest to the theoretical ideas and
empirical issues related to agglomeration economies, clustering and proximity effects (see
chapter 2). In this respect, it seems essential to note that the approach applied in this study
is different to the large fraction of existing studies as it uses a different spatial classification
system, including regions at a smaller level than the common NUTS2 level. Accordingly,
the only quantitative studies, to the author’s knowledge, which analyzed the convergence
issue at a smaller level than the NUTS2 level, for the EU-15 group, the NMS and the
enlarged group of the EU-25, have been conducted by Frenken and Hoekman (2006), Paas
and Schlitte (2007), Falk and Sinabell (2008) and Petrakos and Artelaris (2009).465

To sum up, it can be concluded that (i) most studies are accomplished at the aggregated
level of administrative NUTS2 units but not at a more disaggregated regional level, which
is mainly a result of data limitations and an unbalanced NUTS3 classification; (ii) empirical
evidence on the different linkages between regional growth, spatial spillovers and especially
the role of regional typologies, regional disparities and research activity are still scarce at the
level of European regional classifications below NUTS2. Following theoretical models in the
new economic geography and growth tradition, regional income disparities and divergence
phenomena are foremost reflections of spatial distributions, i.e., the co-location and co-
agglomeration of agents, technology fields, production factors and markets. Moreover,
these disparities can be based upon different spillover effects from neighboring regions as
has been theoretically discussed in chapter 2 (Martin and Ottaviano, 1999, 2001; Fujita
and Thisse, 2003; Baldwin and Martin, 2004).

465 Similarly, Le Gallo and Dall’erba (2003), Fischer and Stirböck (2006), Ertur and Koch (2006), Feld-
kircher (2006) and Crespo Cuaresma et al. (2010), among a few others, have analyzed the European
convergence process of GDP per capita in the light of spatial models that account for spatial spillovers
and/or spatial regimes.

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



290 5. Research Clustering, Income Disparities and the Growth of Regions in Europe

The growth analysis in the second part of chapter 5 tries to find empirical evidence for
the following open research questions: (i) Are European regions and their sub-groups
converging to different steady-state paths according to the conditional convergence theory?
(ii) Are the regional growth rates of GDP per capita affected by inter-regional spillovers at
a proximate distance? (iii) Do urban areas and metropolitan and capital regions exhibit
higher growth rates compared to rural regions? (iv) Is the regional research density, i.e.,
the patenting activity, significant and positive in regional growth regressions? (v) Do the
NMS show differing growth paths vis-à-vis the EU-15 group? The growth regressions are
related to the theoretical concepts and models on core-periphery structures reviewed in
chapter 2, with special emphasis on regional growth (section 2.1), and contribute to the
empirical studies presented in section 2.2.2.

From an empirical point of view, the following empirical analysis applies cross-sectional
unconditional and conditional β-convergence estimations/ growth regressions for European
TL3 regions. Since spatial dependence could play a role in regional data, the analysis
incorporates spatial econometric techniques. Dummy variables for the regional typology
are additionally introduced into the growth regressions, i.e., urban, intermediate and rural
regions, and metro and capital regions, in order to control for the level of urbanization and
for the population density, the population size, and the size of the local market, respectively.
Due to the MAUP, the econometric results may differ from the aforementioned growth/
convergence studies. Unfortunately, several causalities, mechanisms and factors cannot
be analyzed because of the very limited availability of additional data in the context of
more than 800 European regions. Accordingly, due to the chosen research methodology
and the large number of regions, the empirical analysis has to abstract from place-specific
factors and path dependencies (i.e., formal and informal institutions, culture, place-specific
history, first-nature geography, epistemic communities, regional policy).

The remainder of chapter 5 is as follows. The underlying database is described in section
5.2. The first empirical part in section 5.3 analyzes income inequality dynamics. De-
scriptive statistics and the results of the global income inequality/disparity analysis are
presented and discussed. The results of within- and between-subgroup income inequality
decomposition at the level of European regions are demonstrated in section 5.3.3. The
second part of the chapter presents and discusses growth regressions for European regions
(section 5.4). After a short introduction to growth estimations in section 5.4.1, the results
from the unconditional convergence estimations are presented and discussed in section
5.4.2. Afterwards, conditional growth regressions for the NMS and EU-15 regions are dis-
cussed in section 5.4.3. In section 5.4.4, the regression set-up is extended to conditional
spatial regression models.466

466 Disparity/ inequality measures have been performed with STATA 11; growth regressions in this
chapter have been run with STATA 11, OpenGeoDA and ArcGIS 9.3.1.
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5.2. The Database: Regions, Patents and the Settlement
Structure

One severe issue with empirical investigations of core-periphery structures, spatial dynam-
ics and geographic concentration is the question of aggregation from a sectoral and spatial
perspective (see also chapter 3). Geographical economics always suffers from the issue
of defining and defending the correct and meaningful industrial and geographical scale of
analysis (Audretsch and Feldman, 1996; Brakman et al., 2005). The same issue exists
for technology correspondence tables. Brakman et al. (2005) argued that industries and
regions correspond to their theoretical counterparts and that there is a tradeoff between
industrial and regional detail. Some scholars address 36 manufacturing industries (NACE,
SIC) which are available at the NUTS0 level (national level); other scholars, instead, pre-
fer smaller levels, e.g., 17 industries, which exist at more disaggregated spatial levels.
Therefore, a serious problem in geographical economics and the geography of innovation
literature is the definition and usage of spatial units (see chapter 3).467 Brakman et al.
(2005, 7) recently suggested that

“[t]he geographical scope of the NEG is by and large restricted to sets of NUTS3

regions. This suggests that there is something to gain from sacrificing some industrial

detail for the sake of regional detail.”

The underlying database in this chapter includes raw data extractions for 819 TL3 regions
(see table B.3, appendix).468 The regional cross-sectional population consists of the TL3
regions within the EU-25 member states and Norway and Switzerland (OECD, 2003, 2006).
Thus, the population in this study covers 774 TL3 micro regions, which form the EU-25
member states; additionally, 45 TL3 units from Norway (19 TL3) and Switzerland (26
TL3) are included. From the 774 regions, 651 represent the EU-15 and 123 belong to
the NMS. Switzerland is included to avoid black holes in the spatial structure. However,
Norway is eliminated from the regressions for several reasons. Moreover, Croatia, Romania
and Liechtenstein are abandoned due to data constraints. Additionally, Luxembourg and
Cyprus are excluded from the inequality decomposition. Finally, the French and Portuguese
overseas regions (islands) as well as Spanish Atlantic islands are excluded from the growth
regressions.

467 The geographical scope of the NEG literature is, according to Brakman et al. (2005), by and large
restricted to empirical analyses at the NUTS2 and NUTS3 level.

468 The only difference between the TL3 and NUTS3 in this study results from aggregating the 439 “Stadt-
/ Landkreise” in Germany (NUTS3) to 97 so called “Raumordnungsregionen” (planning regions) and
aggregating Dutch and Belgian NUTS3 units to the NUTS2 level (which is OECD TL3). Similarly,
Greek islands and small units are aggregated to Greek NUTS2 units and solve several issues. (i)
Several NUTS3 units are relatively small and numerous in comparison with other EU NUTS3 units.
The application of, e.g., 439 German NUTS3 regions would increase the influence of German regions
in the analysis as they account for one-third of all NUTS3 observations (see also Magrini, 2004).
(ii) Additionally, when using NUTS3 GDP data, the existence of relatively small regional units may
induce the issue of commuting of workers between their place of residence and place of work and thus
mean biased GDP measures (e.g., Berlin, London, Paris).
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The study uses purchasing power (PPP) adjusted GDP per capita data as dependent
variable in the regression (Monfort, 2008).469

The majority of existing regional studies on the enlarged European Union and the ERA
primarily analyze the larger administrative NUTS2 units.470 Frenken and Hoekman (2006)
concluded that the NUTS2 level, which has been applied in the majority of convergence
and inequality studies, is poorly defined in terms of regional typologies, as large NUTS2
regions contain urban centers and rural regions at the same time, which means that the ad-
ministrative spatial classification system largely differs from the real functional boundaries
of regions. Similarly, Abreu et al. (2005, 34) concluded that

“[a]ggregating several smaller units into larger ones makes matters worse, since it

averages out the variation in the variables of interest (the modifiable areal unit prob-

lem). One solution may be to redefine boundaries of the spatial units from scratch,

using highly disaggregated data and Geographical Information Systems. [...] the

level of aggregation should be chosen according to the theoretical model under con-

sideration.”

Therefore, studies on spatial disparities, agglomeration economies and research clustering
at the NUTS2 level are problematic as spatial variation generally disappears due to ag-
gregation (and averaging) (Arbia and Petrarca, 2010).471 Taking all these concerns into
account, it has to be argued that the OECD TL3 level (OECD, 2003, 2006) fits best to the
proposed research questions and the theoretical background (see chapter 2), because the
TL3 level gives the opportunity to test the hypothesis of growth disparities between capi-
tal regions, urban areas and rural regions. Moreover, it represents an established regional
classification system which enables future comparisons with other studies.

5.3. The Development of Income Disparities in Europe

5.3.1. A Descriptive Overview

Analyzing regional income distribution across the 819 TL3 regions of the enlarged European
Union (including Switzerland and Norway) shows remarkable regional disparities between
the NMS and the EU-15; but also within the EU-15 and NMS groups. The analysis places
the emphasis on the distribution of GDP per capita in purchasing power standards (PPP),
where income is adjusted for price level differences across countries.

469 Generally, PPP corrected data are adjusted for differences in national price levels but they do not
consider within-country price differences, although there might exist considerable regional differences.
GDP data at the TL3 level have been collected, and if necessary, calculated and/or transformed for
the period 1995 to 2006; e.g., Switzerland and Norway.

470 To the author’s knowledge, Frenken and Hoekman (2006), Paas and Schlitte (2008) and Melchior
(2008), among a few other studies, contributed with a similarly detailed spatial classifications system.

471 Arbia and Petrarca (2010, 10) concluded that “[t]he efficiency loss connatural to aggregation is,
generally speaking, mitigated by the presence of a positive spatial correlation parameter and conversely
exacerbated by the presence of a negative spatial correlation parameter. This result is coherent with the
theoretical expectation. Positive spatial correlation implies that we aggregate between similar values
thus preserving variability.” See also Abreu et al. (2005) and Burger et al. (2008).
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A first descriptive analysis shows that there exists (i) a core-periphery structure with
relatively high income levels in the center of the European Union and (ii) relatively low
levels of GDP per capita in peripheral areas and regions at the borderline of the enlarged
European Union. Figures 5.1 and 5.2 highlight the development of regional per capita
income (PPP) in Europe between 1995 and 2006 in maps.472 European regions widely
differ by means of the spatial distribution of per capita income and thus show strong
regional disparities. Moreover, it is clearly visible that the enlarged European Union (EU-
25, CH, NO) also yields country-specific income levels, meaning that regions only differ to
some degree from their national average. Thus, variance seems to be rather modest within
countries, compared to the between-country differences in the early years.

The first map (figure 5.1) displays the distribution of regional per capita income relative to
the EU-27 average in the year 1995 (including Switzerland and Norway). The illustrated
distribution of regional GDP per capita differentiates the more successful regions of Europe,
which are located in the core of Europe, from the more backward and underdeveloped ones.
The high-income regions form a functional area that is commonly known as the European
“blue banana” (Heidenreich, 1998; Martin, 1998b; Maggioni et al., 2007). Accordingly,
most of the relatively rich regions belong to the northern part of the European continent,
including Northern Italy, Southern Germany, Southeast France, Ile-de-France, the southern
regions of Great Britain, Belgian regions and Dutch regions, among others. Low income
regions, with a GDP level below 75% of the EU-27 average, can be found in the eastern part
of Germany, in Greece, in Southern Italy, in Ireland and in the Western parts of Spain and
Portugal (at least in the 1990s). Moreover, it is argued that areas accompanied with high
levels of GDP per capita are often those that are hosting the capital cities. Furthermore,
metropolises and capital regions represent the locations of diversified high-technology in-
dustries and service sectors (see chapter 3, section 3.5); e.g., Southern Ireland (Dublin),
Denmark (Copenhagen), Germany (Berlin, Stuttgart, Frankfurt), France (Paris), the UK
(London), Southern Finland (Helsinki), or the Southeast of Sweden (Stockholm). Within
low performing EU countries, capital regions are identified to serve as “growth poles” since
the 1990s, e.g., Lisbon, Madrid, Prague or Warsaw (see also OECD, 2009a,b).473

The second map (figure 5.2) visualizes European regional per capita income levels for the
year 2006. Very high income levels can be observed in the southern parts of Ireland, in the
eastern regions of Spain and Southern UK areas, whereas other regions in the mentioned
countries are still lagging behind. A remarkable north-south gradient is still present in
Italy. In addition, the map seems to support the hypothesis, that particularly metropolitan
regions and/or capital regions show relatively higher per capita income levels compared to
the European average, similarly to the 1990s.474

472 See figure A.47 in the appendix for the visualization of the regional GDP per capita distribution in
the year 2000.

473 The second map (figure A.47, appendix) illustrates regional GDP per capita (PPP) for the year 2000.
Very low levels of per capita income exist in, e.g., Western regions of Spain and Portugal, Southern
Italy and some Northern areas in the United Kingdom. Similarly, the Greek regions and some of the
New German Laender still suffer from relatively low income levels. Moreover, most parts of Ireland
have developed above the European average since the year 1995 in terms of regional GDP per capita.

474 This hypothesis will be additionally challenged in the second part of this chapter (see section 5.4).
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Fig. 5.1. GDP per capita (PPP) year 1995
Source: own calculations and illustration. Notes: Shapefile generation and polygon projection with ArcGIS
9.3.1. environment.
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Fig. 5.2. GDP per capita (PPP) year 2006
Source: own calculations and illustration. Notes: Shapefile generation and polygon projection with ArcGIS
9.3.1. environment.
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296 5. Research Clustering, Income Disparities and the Growth of Regions in Europe

The third map (figure 5.3) highlights the GDP per capita (PPP) growth rates of all 819
European regions between 1995 and 2006, expressed in relation to the EU-27 average.
Comparing the regional GDP per capita growth rates of European regions shows again a
north-south and east-west gradient that has already been identified in the research clus-
tering study in chapters 3 and 4. Nevertheless, almost all eastern and southern European
regions are characterized by higher GDP growth rates, compared to European core regions.
The map seems to support the well-known hypothesis that per capita growth between 1995
and 2006 was, on average, higher in the peripheral and economically backward regions of
Europe. This hypothesis originates from the well-known and well-described catching-up
theory, i.e., β-convergence concept, that is based on the canonical neoclassical growth
model (Solow, 2007) and the related discussion on social capabilities and additional fac-
tors that determine regional (and national) development (Abramovitz, 1986; Barro and
Sala-i-Martin, 1991; Harris, 2008). High growth rates, above the EU-27 average, can be
observed in, e.g., Ireland, Spain, the NMS, the northern part of Greece and Portugal. Be-
sides this development, medium-high growth rates are observable within the so-called “blue
banana” (mainly high-growing regions of the EU-15), e.g., Dutch regions, Southern UK
and several central European regions such as Milan, Munich, Stuttgart, Noord-Brabant or
Düsseldorf.475 Accordingly, it can be argued that there is something to gain from a closer
look at the regional typology and at the development within the NMS group.

The box plots (see graphs in figure 5.4) depict that the development of European countries’
average growth rates depend on the growth rates of a few leading regions, which have
also reached a much higher level of GDP per capita compared to the national average.
These are typically capital regions, metropolises and urban regions. Some of them serve as
secondary growth poles (see also Williamson, 1965; Arbia et al., 2005; Szörfi, 2007). Such
high-growing capital regions are located in Hungary, Estonia, Poland, the Czech Republic,
Latvia, Lithuania, Slovenia and Slovakia. The box plots show the inter-quartile distances
and the lower and upper quartiles for the EU-15 and NMS countries for several years (1995
and 2006). Besides the structure in the year 1995, the figure also highlights the year 2006
and the average yearly growth rates for the EU regions. It is evident that the 0.25 quartile
has increased in almost all countries between 1995 and 2006, which means that the lower
tail of the income distribution has increased in absolute terms. Besides the quartiles and
the inter-quartile distances, the study also analyzes if regions with initially high levels of
GDP per capita (PPP) in 1995 suffer from very low average yearly growth rates, which
would be in line with the canonical neoclassical convergence approach and the assumed
decreasing returns and lower growth rates near the unique steady-state (see also section
5.4).

National Gini coefficients and a decomposition of overall regional income disparities (GDP
per capita) into within- and between-subgroup components are performed in the follow-
ing analysis in order to gain more information about the spatial structures of the growth
process. Finally, the aforementioned picture of catching-up regions is additionally high-
lighted by distribution functions (kernel density) in figure 5.5. Three groups of regions are
illustrated: (a) the EU-25 and Switzerland and Norway, (b) the EU-15 and (c) the NMS.
It is obvious from the graphs that the distribution of the EU-25 group (with Switzerland
and Norway) has changed between 1995 and 2006 due to remarkable shifts in the lower

475 For similar results at a higher aggregation level see OECD (2009a,b).
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Fig. 5.3. Growth Rates of GDP per capita (PPP) 1995-2006
Source: own calculations and illustration. Notes: Shapefile generation and polygon projection with ArcGIS
9.3.1. environment.
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tail of the income distribution, i.e., a catching-up process of several poor regions (see also
Geppert and Stephan, 2008).

5.3.2. Measures of Concentration, Disparity and Inequality

5.3.2.1. Regional Disparities and the Gini Coefficient

After the introductory analyses and data presentation in the previous section, the follow-
ing analysis addresses the distributional characteristics and regional disparities of GDP per
capita by means of quantitative methods. Geographic concentration and regional dispari-
ties are a general phenomenon in regional economics (Hinloopen and van Marrewijk, 2004;
Arbia et al., 2005).

Furthermore, concentration (disparity) measures are assessed in a similar manner com-
pared to specialization. The sole difference to specialization measures is that instead of a
comparison of industrial structures within a single region, concentration measures involve
a comparison of regions’ industrial structures in the context of a larger spatial aggregate
(Krugman, 1991; Ellison and Glaeser, 1997).476 According to the aforementioned issues, the
literature on geographic concentration and spatial inequality has developed some common
empirical measures and indices. Regional disparities can be measured by application of
various indices. The most common statistical approaches are the Herfindahl-/ Herfindahl-
Hirschman index, the location quotient (Hoover-Balassa index), the Gini coefficient, the
Krugman index, Theil’s T and Theil’s L index, and modifications of the generalized en-
tropy index (Litzenberger, 2007; Monfort, 2008; Jenkins and Kerm, 2009).477 Some of these
indices have been already presented and discussed in chapter 3.

However, disparity or inequality indices should satisfy several axioms (Jenkins and Kerm,
2009).478 For measuring overall disparity (inequality), the study makes use of the loca-
tional Gini coefficient and the generalized entropy measure (i.e., the Theil and Atkinson
index). Generally, the Gini coefficient (see also chapter 3, section 3.4), which is applied
in the following analysis, is a measure of statistical disparity or inequality. According to
the traditional methodology, studies commonly used the Gini coefficient as a measure of
inequality of income or wealth (Dewhurst and McCann, 2007; Jenkins and Kerm, 2009).
The Gini coefficient is defined mathematically based on the Lorenz curve concept. How-
ever, in the context of regional disparities, Gini computations at the level of regions have
to include weights for the treatment of spatial heterogeneity (e.g., population, surface). In
this respect, relative shares for each subspace are computed with gj = [sj/yj]; with sj being
the GDP share of region j and yj being the population share of the region.479 Equation

476 See Amiti (1997), Amiti (1999), Laursen (1998), Midelfart-Knarvik et al. (2000) and Jenkins and
Kerm (2009) for further details.

477 See also Kim (1995), Amiti (1999), Keilbach (2000), Aiginger and Pfaffermayr (2004), Combes and
Overman (2004).

478 See also section 3.4. For further details see Cowell (1995).
479 It should be noted that the obtained Gini from gj is identical to the usage of GDP per capita of region

j divided by the GDP per capita of the aggregate of regions
∑

j .
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5,000 10,000 15,000 20,000 25,000
PER CAPITA GDP2006 (PPS)

SK

SI

PL

MT

LV

LT

HU

EE

CZ

CY

excludes outside values

(d) NMS GDP per capita (PPP) in 2006

.02 .04 .06 .08 .1
1/T LN(GDP2006/GDP1995)

UK
SE
PT
NL
LU
IT
IE

GR
FR
FI

ES
DK
DE
BE
AT

excludes outside values

(e) EU-15 GDP per capita (PPP) Growth Rates

1995-2006

.02 .04 .06 .08 .1 .12
1/T LN(GDP2006/GDP1995)

SK

SI

PL

MT

LV

LT

HU

EE

CZ

CY

excludes outside values

(f) NMS GDP per capita (PPP) Growth Rates

1995-2006

Fig. 5.4. Boxplot: GDP per capita (PPP) level vs. growth rate
Source: own calculations and illustration.
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(a) Kernel density GDP (PPP) per capita, regions in the EU-25, CH, NO (1995 vs. 2006)

0
.0

00
02

.0
00

04
.0

00
06

.0
00

08
.0

00
1

0 50000 100000 150000
Density function of income distribution

kdensity GDPPCPPP1995 kdensity GDPPCPPP2006

(b) Kernel density GDP (PPP) per capita, EU-15 regions (1995 vs. 2006)
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(c) Kernel density GDP (PPP) per capita, NMS regions (1995 vs. 2006)

Fig. 5.5. Kernel density: density function of income distribution TL3 regions by group
Source: own calculations and illustration.
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5.3.1 represents the locational Gini as has been already introduced, discussed and applied
in chapter 3 (see section 3.4).

G∗
LOC =

[
2

[
1

2
−

[
n∑

j=1

(
1

2
yjsj

)
+

n∑
j=1

(
yj

n∑
k=j+1

sk

)]]][
1

1−minyj

]
(5.3.1)

G∗
LOC is a population weighted Gini coefficient in terms of yj, which needs a normaliza-

tion procedure. Normalization is accomplished by correcting for the minimum populated
European region (with min(yj)), which guarantees a maximum concentration surface as
presented in equation 5.3.1. In case that the regional share of GDP, sj, across subspaces j
is identical to the share of the reference distribution, yj, we observe an equal distribution
and no disparity (i.e., gj = 1 and G∗

LOC = 0). The Lorenz curve is then identical to the
bisecting line. However, the more the distribution of the economic activity under analysis,
sj, differs from the reference distribution, yj, the larger is G∗

LOC . In this respect, G∗
LOC

takes sj and yj for each region and computes the cumulated sum of GDP shares of all
subspaces, ordered by gj (see chapter 3, section 3.4 for more details).

5.3.2.2. Measures of Regional Disparity and Inequality Decomposition

Besides the above described Gini index, which represents a global measure of inequality
(disparity), the study aims to identify the origin of overall inequality in the EU-25, the
EU-15 and the NMS. Following Sala-i-Martin (2006) and Brakman and van Marrewijk
(2008), among others, no final consensus has been worked out with respect to the develop-
ment of within- and between-country income disparities in Europe due to differing spatial
classification systems used in existing studies. There is some indication that especially
within-country income inequality has increased, which is against the idea of general con-
vergence as postulated by, e.g., Friedman (2005) and Sala-i-Martin (2006).480 Moreover,
increasing regional disparities are inconsistent with the European convergence objective
(see Box 5.1). Preliminary empirical evidence against regional convergence in Europe has
been claimed by Duro (2004), who has analyzed the period 1982-1995. Duro pointed to
divergence patterns across European NUTS1/2 regions.481

Another complementary measure of inequality, besides the conventional global indices, is
the generalized entropy index, GE(α), as highlighted in equation 5.3.2 (Novotný, 2007;
Haughton and Khandker, 2009):482

GE(α) =
1

α(1− α)

1

n

n∑
i=1

[
1−

(
yi
ȳ

)]
, for 0 < α < 1, where ȳ =

1

n

n∑
i=1

yi =
Y

N
.(5.3.2)

480 See OECD (2009a) for an income concentration analysis at the more aggregated TL2 level for OECD
countries. For further details see Arbia et al. (2005), Dewhurst and McCann (2007) and Monfort
(2008).

481 See also Combes and Overman (2004), Arbia et al. (2005), Frenken and Hoekman (2006), OECD
(2009a).

482 An important aspect with regard to the different indicators is their sensitivity on differing sample
sizes. To overcome the issues arising from this property, the overall number of observations in this
study is constant (819 TL3 regions). However, a direct comparison between subgroups is complicated;
the study only shows the time trends and the dynamics of national inequality indices.
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with n = number of groups, Ni = cumulative population, N = total population, Yi =
cumulative income and Y = total income and with α = 1 as the Theil Index T.483 Theil’s
T is a particular case of the generalized entropy index. In its aggregated form, Theil’s T is
a measure of overall inequality/disparity (Brülhart and Traeger, 2005). When population
shares equal the respective GDP shares in all regions, GDP would be distributed completely
evenly, and hence, Theil’s T index would be equal to zero. The index is useful in analyzing
regional disparities and, most importantly, in calculating between- and within-subgroup
inequality (United Nations, 2005; Novotný, 2007; Haughton and Khandker, 2009). Theil’s
T index, GE(1), is defined as in equation 5.3.3:

GE(1) = T =
1

n

n∑
i=1

yi
ȳ
ln

(
yi
ȳ

)
(5.3.3)

For grouped data, a typical way to rewrite the Theil index T is presented in 5.3.4:

GE(1) = T =
∑
i

∑
j

(
Yij

Y

)
ln

(
Yij/Y

nij/N

)
(5.3.4)

with Yij being the income of the ij-group; nij being absolute frequency of population in
the ij-group; Y =

∑
i

∑
j Yij is total income over all groups; and N =

∑
i

∑
j nij is total

population. Thus, the Theil index compares the relative share in the population (nij/N)
with the income share of each group (Yij/Y ). It is argued that the Theil index is very
sensitive to the sample size. To reduce this problem, the number of observations has been
held constant over time (Brülhart and Traeger, 2005; Haughton and Khandker, 2009).

It is essential to note that inequality indices show significant variation in their sensitivity
to differences in different parts of the income distribution. The higher the parameter α in
GE(α), the more sensitive is GE(α) to income differences at the top of the distribution;
however, the more negative α is, the more sensitive is GE(α) to differences at the bottom
of the distribution. Thus, inequality/disparity indices differ in their sensitivity to changes
in the lower and upper tails of the distribution (Brülhart and Traeger, 2005). The Gini co-
efficient, that has been presented in the last section, is most sensitive to income differences
in the middle part of the distribution. However, its sensitivity depends on the relative
position of the observation in comparison to other observations. Therefore, if more regions
are in the lower part of the income distribution, as is usually the case, they should obtain
a stronger weight (Duro, 2004; Novotný, 2007; Haughton and Khandker, 2009).

Another frequently used measure of regional disparity is GE(2), which is half the squared
coefficient of variation (CV) and sensible to changes in the upper parts of the distribution.
Similarly, a change of the sensitivity index in GE(α) to α = 0 leads to the mean log
deviation (MLD) measure, the so-called Theil’s L index, GE(0). With respect to different
sensitivity parameters (α), it is generally argued that the dynamics of GE(−1) mainly
show changes of income of the poorer regional units at the bottom of the distribution,
whereas GE(2) is mainly responsive to changes at the upper end/tail of the distribution.
GE(1) is said to represent the standard case in empirical studies (Brülhart and Traeger,

483 In the following, only Theil’s T is presented (see equations 5.3.3 - 5.3.6). For details on GE(-1), GE(0)
and GE(2) refer to Brülhart and Traeger (2005) or Haughton and Khandker (2009).
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2005; Haughton and Khandker, 2009). Accordingly, income disparity measures and their
decomposition will be provided for GE(1), i.e., Theil’s T.

Regarding the origins of overall regional disparities in per capita income, it is fruitful to
decompose global income inequality into between- and within-subgroup inequality.484 The
properties of the (non-negative) Theil index GE(1) make it possible to break down overall
regional disparities in such a way that the weighted sum of the index components is identical
to the overall inequality index as highlighted in equation 5.3.5 (Brülhart and Traeger, 2005).
Furthermore, it is argued that another advantage is that census information of the countries
and regions involved are not needed (Duro, 2004; Sala-i-Martin, 2006; Brakman and van
Marrewijk, 2008).

GE(α) = GEW (α) +GEB(α), for α = 1. (5.3.5)

Theil’s T is then defined as in equation 5.3.6:

GE(1) = T = TB + TW =

[∑
i

(
Yi

Y

)
ln

(
Yi/Y

ni/N

)]
+

[∑
i

(
Yi

Y

)
Ti

]
(5.3.6)

with Yi =
∑

j Yij as total income of the ith group and ni =
∑

j nij as absolute frequency

of population in the ith group and Ti =
∑

j

(
Yij

Yi

)
ln

(
Yij/Yi

nij/ni

)
as the Theil index for the

ith group. GEB(α) measures the share of inequality that originates from income inequal-
ity between subgroups (e.g., between countries). Within-subgroup inequality, GEW (α),
represents the share of inequality (or disparity) that originates from inequality within the
groups under analysis (e.g., within countries) (Brülhart and Traeger, 2005; Novotný, 2007;
Haughton and Khandker, 2009). Inequality decomposition is computed for several groups,
i.e., the NMS, the EU-15 and the EU-25 (incl. Switzerland and Norway).

To repeat a point made earlier, the Theil index is considered to be very useful for the
purpose of analyzing the origins of regional disparities. The decomposition into within-
and between-subgroup disparities offers additional information in the context of diver-
gence/convergence developments that are taking place within and between certain groups
of regions. To challenge the presented research questions, global income inequality (dis-
parity) of GDP per capita income (PPP) is decomposed into (i) inequality within nation
states (within-subgroup inequality); and (ii) inequality between nation states in Europe
(between-subgroup inequality). That being the case, the TL3 regions are grouped into
i ∈ {1, 2, ...n} subgroups. The following group classifications are analyzed in the subse-
quent empirical analysis: (i) the group of the EU-25+2 countries with 27 subgroups; (ii)
the NMS with 10 subgroups; (iii) the EU-15 group with 15 subgroups; (iv) the group of
the EU-15 and NMS with two subgroups.

484 Inequality decomposition measures should, however, require two decomposition properties (Brülhart
and Traeger, 2005; Brakman and van Marrewijk, 2008): (i) subgroup consistency: the positive respon-
siveness of the overall inequality measure to changes in the inequality levels of constituent group as
a minimum requirement; (ii) additive decomposability: overall inequality is the sum of between- and
within-subgroup inequality. The mentioned properties are only satisfied by GE(0) and GE(1) (Duro,
2004; Arbia et al., 2005; Monfort, 2008).The Gini coefficient is not decomposable in the sense of sub-
group consistency. However, given the popularity and favorable properties of the Gini index, it will
be used in this study as a measure for global income disparities (European and national aggregates).
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5.3.3. The Development of European Income Disparities

5.3.3.1. Global Income Disparities in Europe

In order to maintain a detailed and dynamic understanding of the development of Eu-
ropean and national income disparities, the income inequality (disparity) measures for
each European country since 1995 are plotted at a yearly base in figures 5.6, 5.7 and
5.8.485 Income disparity remained rather constant within the EU-15 group, whereas the
former CEE-10 (NMS) group suffered from increasing regional disparities as shown by the
population weighted Gini indices (see figure 5.6). Figures 5.7 and 5.8 show the national
(population weighted) Gini coefficients of GDP per capita income for the period 1995 to
2006. Countries have experienced dynamics very different from the global European trend
and can be classified into three categories: (i) a decrease in inequality in Austria and Italy;
(ii) a general increase in inequality in Switzerland, the Czech Republic, Denmark, Estonia,
Greece, Hungary, Ireland, Lithuania, Netherlands, Portugal, Slovenia, Slovakia and the
United Kingdom; (iii) an inverted U-shaped trend of income inequality in Belgium, Ger-
many, Spain, Finland, France and Sweden. However, there is a general trend of decreasing
inequality for the global sample (EU-25).

Similar to results at the TL2 level (OECD, 2009b,a), it can be argued that between-country
income convergence at the TL3 level is accompanied by within-country income divergence,
meaning that there is a significant increase in income inequality within several European
countries.486 However, within-country divergence is stronger at the TL3 level; TL2 dis-
parities are weaker due to aggregation/averaging (Arbia and Petrarca, 2010). Besides
the varying dynamics of Gini coefficients of GDP per capita, figures 5.6, 5.7 and 5.8 also
show a trend of increasing within-country income disparities for several countries, which
is in line with conclusions from new economic geography frameworks (see theoretical con-
siderations in chapter 2) (see also Puga, 2002; Rodŕıguez-Pose and Fratesi, 2007). It is
visible that several European countries have experienced a significant increase in income
inequality, meaning that convergence within countries does not dominate the European
picture. Cross-country convergence (between countries) is in most cases accompanied by
significant regional divergence within countries (Williamson, 1965). According to a recent
study of the OECD, the European TL2 regions can be divided into two groups in terms of
average yearly growth rates: (i) a “convergence” group which shows the following growth
rate characteristics: minimum 1.5%, maximum 6.6%, median 2.5%, average 2.7%; (ii) a
“divergence” group which shows the following values: minimum 1.7%, maximum 5.4%,
median 2.9%, average 3.1%. These results support the findings in this study, i.e., evident
divergence in several backward countries (OECD, 2009b,a).

485 For similar results regarding inequality decomposition refer to Paas and Schlitte (2007). Nevertheless,
the authors applied a different spatial classification system and offered only results regarding GE(1).

486 In opposition to this study, the OECD (2009a,b,c) predominantly centers the TL2 level (i.e., NUTS1/2
level), which is much more aggregated compared to the TL3 level used in this study. The OECD
concluded that “countries that have experienced diverging regional income disparities tended to show
faster real GDP growth rates at the national level” (OECD, 2009b, 21; see also OECD, 2009c, 32-35).
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Fig. 5.6. Development of regional disparities in GDP/capita (PPP) by group
Source: own calculations and illustration.
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308 5. Research Clustering, Income Disparities and the Growth of Regions in Europe

5.3.3.2. Regional Disparities within and between European Countries

As has been argued in the previous sections, another pivotal consideration concerns the
development of regional disparities within and between European member countries. The
following figures illustrate the development of income inequality by subgroups as proposed
in the previous section 5.3.2.2; special emphasis is placed on Theil’s T, i.e., GE(1).

The graphs in figure 5.9 focus on the development of GDP per capita inequality of the
entire population of European regions (i.e., the 817 TL3 regions, except Cyprus and Lux-
embourg, that represent the EU-23, Switzerland and Norway) between the years 1995 and
2006. It is obvious from the graphs that between- and within-subgroup disparities matter
for the development of overall (global) disparity. Besides the fact that overall regional
disparities (graphs on the left) have decreased in the entire population, i.e., GE(-1) to
GE(2), the share of between-subgroup disparities (graphs on the right) has decreased by
approximately 15% since the year 1995 (GE1between819TL3), meaning that on average
convergence between countries took place. At the same time, within-subgroup dispari-
ties (GE1within819TL3) have relatively increased, which means that Europe consists of a
meaningful number of countries that suffer from considerable increases in regional income
inequality within national borders (i.e., within-country regional divergence).

However, in order to analyze the development of regional disparities more closely with
respect to the European integration process, the entire population of the 819 European
regions is divided into two groups; the group of EU-15 regions with countries as subgroups
(see figure 5.10) and the group of NMS regions with countries as subgroups (see figure
5.11).487 One should expect different developments and dynamics, similar to differences
regarding EPO patenting activity and research networks (see chapter 3 and 4).

Figure 5.10 shows that the EU-14 group (650 regions, without Luxembourg) features a very
similar overall development of regional income disparities compared to the entire population
of the 817 European regions. A decrease in overall income inequality (disparity) since
1995 is visible. Between-subgroup inequality (GE1betweenEU-15) and within-subgroup
inequality (GE1withinEU-15) have decreased. However, between subgroup inequality is at
a much lower level compared to within-subgroup inequality, indicating that overall income
inequality stems mainly from inequality within countries.488

A very different picture emerges from the decomposition of income inequality in the case of
the NMS regions. Figure 5.11 highlight the results based on the inequality decomposition.
The subgroups are again defined with respect to national borders (122 NMS regions in
9 countries).489 The graphs in figure 5.11 clearly show a significant increase of within-
subgroup inequality (GE1withinNMS), which has been accompanied by a strong decrease
in between-subgroup inequality (GE1betweenNMS). However, the decrease in between-
subgroup inequality, which represents cross-country convergence, could not compensate
for the strong increase in within-subgroup inequality, that has led to an overall increase in

487 For a similar interpretation at the more aggregated level of NUTS2 regions see Monfort (2008).
488 For a comprehensive review of existing inequality studies at the national level see Novotný (2007) and

de Dominicis et al. (2008). Refer also to Combes and Overman (2004).
489 Cyprus is a single regions and thus within-country inequality cannot be decomposed into a within-

and between-country component.
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5.4. Research Activity, Settlement Structure and Regional Growth 309

income disparities in the NMS group. Thus, the graphs in figure 5.11 clearly exhibit an
increase in income disparities, which stems predominantly from divergence at the regional
level within countries.490

Finally, in an alternative analysis, the subgroup borders are redefined in terms of admin-
istrative borders of the EU-15 and NMS groups. Between-subgroup inequality originates
from differences between the EU-15 and NMS group. Within-subgroup inequality origi-
nates from regional disparities within the two groups. Figure A.46 (appendix) summarizes
the results of this inequality decomposition, which are quite similar to the ones already
presented above. Again, it is visible that regional disparities among regions within the
groups have increased since the 1990s, whereas regional disparities between the two groups
have decreased.

To conclude, the inequality decomposition demonstrates that regional income disparities
have in general decreased within Europe, which is mainly a result of decreasing disparities
between European member states, reflecting the closing of income gaps among European
countries. On the contrary, income disparities among regions within the borders of Euro-
pean countries have increased since the mid 1990s, indicating the emergence of national
core-periphery structures relating to GDP. It is evident from the above presented results
that the global decline in income disparities among European countries, and in Europe
as a whole, coincides with increasing regional disparities within member states. Conse-
quently, the developments since the 1990s have not prevented disparities to increase in
some countries; particularly in those countries that recently joined the European Union.

Another shortcoming of empirical studies on the European case is the lack of growth re-
gressions at the TL3 level (Paas and Schlitte, 2007). Therefore, a final consideration of
this chapter concerns European regional growth regressions. Section 5.4 presents regional
growth regressions for the same spatial classification system as has been described and dis-
cussed above and analyzed in chapters 3 and 4 (i.e., TL3 regions in the EU-15 and NMS).
Besides a short review of the canonical absolute and conditional convergence concept, the
following part primarily contributes with regression models that extend the standard condi-
tional convergence model with several covariates that control for (i) the regional neighbor-
hood structure and potential spatial interdependence, (ii) regional typologies (i.e., urban,
rural, intermediate, metro and capital regions), and (iii) regional technology structures and
research activities (i.e., regional EPO patenting activity).

5.4. Research Activity, Settlement Structure and Regional
Growth

5.4.1. Income Levels and Regional Growth: A Descriptive Overview

A still controversial research question is whether or not European regions are converging or
diverging since the 1990s and which factors are the drivers of divergent regional growth.

490 Note that the results are supported by a recent study of the OECD, although their study centers the
more aggregated TL2 level (OECD, 2009a,b).
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Fig. 5.9. Income inequality decomposition: EU-23, CH, NO
Source: own calculations and illustration. Notes: GDP per capita in the EU; inequality composition is
done for GE(-1), GE(0), GE(1), GE(2). Sample includes 773 EU-23 regions and Switzerland and Norway.
Cyprus and Luxembourg excluded due to impossible within-country inequality decomposition. Subgroups
represented by country ID.
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Fig. 5.10. Income inequality decomposition: EU-14 group
Source: own calculations and illustration. Notes: GDP per capita in the EU; inequality composition is
done for GE(-1), GE(0), GE(1), GE(2). Sample includes 650 EU-14 regions. Luxembourg excluded due
to impossible within-country inequality decomposition. Subgroups represented by country ID.
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Fig. 5.11. Income inequality decomposition: NMS group
Source: own calculations and illustration. Notes: GDP per capita in the NMS; inequality composition
is done for GE(-1), GE(0), GE(1), GE(2). Sample includes 122 NMS regions. Cyprus excluded due to
impossible within-country inequality decomposition. Subgroups represented by country ID.
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The subsequent scatter plot (figure 5.12) illustrates initial GDP per capita levels in 1995
(abscissa) for 651 regions (the EU-15 group) and their growth rate (ordinate). The figure
seems to illustrate a kind of regional convergence, although we cannot draw statistically
robust conclusions from simple scatter plots. Identically, figure 5.13 highlights this re-
lationship for NMS regions. Finally, both subgroups are combined (figure 5.14). It is
visible from the combined scatter plot, that the enlarged group of EU-25 regions (entire
population) suffers from structural differences. Mainly all NMS regions are located in the
upper-left corner of the figure; the EU-15 regions are determined by rather smaller growth
rates, although they have reached very similar levels of GDP per capita. Related to this
observation, several studies have analyzed the two groups of regions separately (Paas and
Schlitte, 2007, 2008).
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Fig. 5.12. Scatterplot GDP/capita level (1995) vs. growth rate (1995-2006), EU-15
Source: own calculations and illustration. Notes: 651 observations included; GDP in PPP.

5.4.2. Unconditional Convergence and European Regional Growth

The relationship between the initial level of GDP per capita and growth in per capita GDP
is generally estimated by application of a standard econometric growth model (log-linear
specification). It includes the income growth parameter ln(

yi,t+T

yi,t
) as dependent variable

and the initial level of income ln(yi,t) as explanatory variable (see equation 5.4.1). This
corresponds to the concept of unconditional (absolute) β-convergence and can be applied
in a spatial context to regions (i = 1, ..., N), derived from the neoclassical growth model
(Barro and Sala-i-Martin, 2003; Hagemann, 2004; Solow, 2007). It applies to the case of
similar structural characteristics between observations (Mankiw et al., 1992; Barro and
Sala-i-Martin, 1992). Results of studies conducted at the regional level have been reported

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



314 5. Research Clustering, Income Disparities and the Growth of Regions in Europe

PL224

PL124

SI022

PL113

HU212

PL225

SI017

HU223

PL415

HU322

HU102

LT005

HU101

EE006

PL411
SI014

SK031

PL520

LT001

CZ051
MT001

PL311

CZ010

CZ071

PL122

LT008

SK023

PL432

CZ064
PL621

SK042

PL312

SI011
HU311

CZ063PL226

HU332

EE001

CZ053

PL412

LV006

HU331

HU321

CZ032

PL632

PL227
CZ052

PL622

CZ072
CZ080

PL511 HU222

PL514
LT006

PL422

PL512PL330

EE004

PL212

CZ042

LV005

SI021

PL341
SK032

PL631

SI012PL413

SI013

PL321

SK010

SK022

MT002

SK021
LV009

PL633

LT003

PL111

LV003
LT009

EE008

LT007

HU221

PL431

LT004

HU213

LT002

HU323
HU313 PL612

LV008

PL421 CY000

SI018

LV007

CZ031

HU211

HU232

SI024

LT00A

CZ041

PL121

SI015

PL611

HU233

PL112 SI023

PL127

CZ020

EE007

PL513

SI016PL414PL211
SK041

PL623

PL342

PL213

HU312

PL126

HU231PL313

HU333
PL322

.0
2

.0
4

.0
6

.0
8

.1
.1

2
1/

T
 L

N
(G

D
P

20
06

/G
D

P
19

95
)

8 8.5 9 9.5 10
LNGDP1995

Fig. 5.13. Scatterplot GDP/capita level (1995) vs. growth rate (1995-2006), NMS
Source: own calculations and illustration. Notes: 123 observations included; GDP in PPP.
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Fig. 5.14. Scatterplot GDP/capita level (1995) vs. growth rate (1995-2006), EU-25
Source: own calculations and illustration. Notes: 813 observations included; GDP in PPP.
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by Bräuninger and Niebuhr (2005), Abreu et al. (2005), Bräuninger and Niebuhr (2008),
OECD (2009a) and Crespo Cuaresma et al. (2009b), among others.

1

T
ln

(
yt+T

yt

)
= β0 + β1ln(yt) + ε (5.4.1)

ε ∼ N(0, σ2
εI)

T is the length of the analyzed period (here 11 years); εi is a (n×1) vector of independently
and identically distributed disturbances.491 Tests of absolute β-convergence are generally
plausible when the object of study is within-country convergence, because knowledge and
technology bases, institutions, geography and standard of living are assumed to be quite
similar within countries.492

Table 5.1 summarizes absolute convergence regression results for the EU-25, the EU-15 and
the NMS group (TL3 regions). In addition, national convergence estimates are reported
in the subsequent tables, if the initial GDP level coefficient is significant (see tables 5.2
and 5.3).493 A first result is that growth regressions without national controls (models
1-3) show significant convergence tendencies (initial GDP level is significant and negative)
(see also Frenken and Hoekman, 2006). However, when national controls are included, the
convergence speed in the EU-15 and EU-25 group slows down (models 4, 5). Moreover,
the coefficient of initial GDP completely changes its sign for the NMS group when national
dummy variables are incorporated, meaning that regions in the NMS group are diverging
(model 6). This result is in line with the aforementioned results regarding Gini indices and
inequality decomposition.

Furthermore, regional growth regressions (absolute convergence) are reported for selected
countries in tables 5.2 and 5.3. It is obvious that especially NMS countries, e.g., the Czech
Republic, Estonia, Hungary, Latvia, the Slovak Republic, Slovenia, show significant and
positive coefficients of the initial GDP per capita level, meaning that these countries are
determined by regional divergence.494 Absolute convergence seems to be absent as regional
units differ in several ways (e.g., patenting activity, regional size, population density, GDP
level). The varying levels of technological knowledge and research activities of European
regions, i.e., patenting and co-patenting activities, have been already presented and dis-
cussed in the previous chapters. Therefore, the standard empirical approach has to be

491 Convergence speed is not of central interest in this study. According to the standard growth regression
methodology, the rate of convergence is obtained by estimating β1 for the initial income level and
re-parameterizing it via b = −ln(1 + βT )/T in order to compute convergence speed and half-life
(Bräuninger and Niebuhr, 2005).

492 Given the cross- sectional data in this study, there might exist three types of departures from this
assumption: (i) heteroscedasticity, (ii) spatial autocorrelation, (iii) outliers and parameter heterogene-
ity. While the first deviation leads inefficiency of OLS, the last two might seriously bias the estimates
(see also Bräuninger and Niebuhr, 2005; Geppert and Stephan, 2008; OECD, 2009a).

493 Insignificant estimations are not reported. The regressions are generally based upon
heteroscedasticity-consistent standard errors (Huber–White standard errors) to control for potential
heteroscedasticity of unknown form (Stata, 2009, 2010).

494 See Frenken and Hoekman (2006) for very similar results.
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Table 5.1. Unconditional and conditional convergence for EU-25, EU-15 and NMS

Model (1) (2) (3) (4) (5) (6)
EU-15 EU-25 NMS EU-15 EU-25 NMS

dependent variable:
1/T ln(yi,2006/yi,1995)

CTRYDUMMY no no no yes yes yes
GDPLEVEL -0,0118*** -0,0164*** -0,0132** -0,0054*** -0,0116*** 0,0203***

(0,0118) (0,0014) (0,0046) (0,0017) (0,0016) (0,0044)
t-value -6,31 -11,68 -2,86 -3,16 -7,21 4,62
R-squared 0,0958 0,2691 0,08 0,50 0,48 0,59
N 645 768 123 645 768 123

Source: own estimations. Notes: growth regressions for the period 1995-2006 with and without national
controls (CTRYDUMMY); country dummy variables (4-6) and constant (1-6) not reported; robust stan-
dard errors in parentheses. Huber and White robust-sandwich estimator reported in table. HC3, robust
and clustered regressions were additionally executed; signs and significance did not change. Details avail-
able upon request.

extended in order to deal with regional heterogeneity; i.e., national controls and several
covariates.495

Table 5.2. Robust OLS estimation results: national growth regressions (1)

Model (7) (8) (9) (10) (11) (12)
CZ DE EE ES HU IT

dependent variable:
1/T ln(yi,2006/yi,1995)

GDPLEVEL 0,0355*** -0,0126*** 0,0328*** -0,0079* 0,0304*** -0,0137***
(0,0072) (0,0034) (0,0101) (0,0044) (0,0096) (0,0017)

t-value 4,95 -3,73 3,25 -1,80 3,18 -8,26
R-squared 0,3798 0,1597 0,6314 0,0768 0,2358 0,3707
N 14 97 5 50 20 103

Source: own estimations. Notes: National cross-sectional growth regressions for the period 1995-2006;
robust standard errors in parentheses; constant not reported; Huber and White robust-sandwich estimator
reported in table. HC3, robust and clustered regressions were additionally executed; signs and significance
did not change. Details available upon request.

5.4.3. Conditional Convergence and Regional Growth in Europe

5.4.3.1. Conditional Convergence and Regional Growth

Testing for conditional convergence means to incorporate regions’ internal factors, which
assumes different steady states with a k × 1 vector of regions’ internal factors (Xi,t) as
in the testable model 5.4.2 (Mankiw et al., 1992; Hagemann, 2004; Arbia et al., 2005).
Xi,t is a standard vector of exogenous explanatory variables (exogenous covariates), which
primarily determines the growth rate with the parameter β2 (besides the effect from the

495 In case of conditional convergence estimations the choice of the explanatory variables is crucial as
they differentiate regions’ steady states.
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Table 5.3. Robust OLS estimation results: national growth regressions (2)

Model (13) (14) (15) (16) (17)
LT PT SK SL UK

dependent variable:
1/T ln(yi,2006/yi,1995)

GDPLEVEL 0,0703*** -0,0119* 0,0175*** 0,0157** 0,0070**
(0,2345) (0,0063) (0,0062) (0,0070) (0,0028)

t-value 3,00 -1,91 2,84 2,24 2,50
R-squared 0,4721 0,1075 0,5744 0,1532 0,0285
N 10 30 8 12 133

Source: own estimations. Notes: National cross-sectional growth regressions for the period 1995-2006;
robust standard errors in parentheses; constant not reported; Huber and White robust-sandwich estimator
reported in table. HC3, robust and clustered regressions were additionally executed; signs and significance
did not change. Details available upon request.

initial GDP level via β1).
496

1

T
ln

(
yt+T

yt

)
= β0 + β1ln(yt) + β2ln(Xt) + ε (5.4.2)

ε ∼ N(0, σ2
εI)

Regarding regional studies, growth regressions normally incorporate regional and national
dummy variables (see table 5.4).497 Besides national dummy variables (CTRYDUMMY),
which are in general applied in international convergence estimations, growth regressions
additionally include several covariates and controls as presented in table 5.4. The study
implements dummy variables for national border regions (NATBORDER) and European
border regions (EUBORDER), testing the hypothesis that border regions suffer from lower
growth rates due to their peripheral geographic location. Additionally, several agglomera-
tion controls are included, e.g., population density (POPDENSITY), level of urbanization
and closeness to a large city/a large local market (URBAN, METRO), rural/peripheral
areas (RURAL). Accordingly, regions are classified into metro regions (METRO), urban
regions (URBAN), intermediate regions (INTERMEDIAT) and rural areas (RURAL).498

Metro regions are those units, which are highly populated and incorporate a large city
center with sufficient population size and density (European Union, 2009). Urban, inter-
mediate and rural areas are defined according to an alternative classification with respect
to population density, absolute population and market size, and closeness to a city center

496 Note that β is the marginal effect from x on y with ∂y/∂x = β.
497 The general model description in this study is related to the regression setup proposed by OECD

(2009a). In comparison to the TL2 level regressions in OECD (2009a), this study offers TL3 level
regressions. Furthermore, several ideas for covariates and methodological aspects are related to the re-
gressions in Arbia et al. (2005), Bräuninger and Niebuhr (2005), Paas and Schlitte (2007), Bräuninger
and Niebuhr (2008), Geppert and Stephan (2008) and Paas and Schlitte (2008).

498 Figure A.47 in the appendix highlights the OECD (2010) definition of urban, intermediate and rural
areas for the analyzed sample. It shows that most European regions correspond to the intermediate
and rural classification. All spatial dummy variables in the regressions represent the regional typology
in the year 1995.
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with specific numbers of inhabitants (OECD, 2010).499 Moreover, a capital region control
variable (CAPITAL) is used, which controls for the attribute that the TL3 region hosts
the administrative center of the national economy.500 The hypothesis is, that the capital
region dummy should be at least significant and positive in the regressions for the NMS
group if capital regions exhibit higher growth rates. A small number of studies confirmed
strong core-periphery structures in the NMS at the regional level, originating from high
growth rates in capital regions and poor peripheral regions (see, e.g., Paas and Schlitte,
2008).501

Besides the regional typology, which controls for the average state of settlement between
1995 and 1997, the study additionally controls for employment (and thus implicitly for pro-
duction) structures by application of a very simple sectoral classification (due to data con-
straints). The employment shares in industry (INDUSTRY) and services (SERVICES) are
implemented for all European TL3 regions for the initial year (OECD, 2003, 2009d).502

Finally, the analysis controls for the region-specific technology and knowledge bases and
research activity in terms of population corrected EPO patent applications in non-high-
technology (NHTEPOPAT) and high-technology fields (HTEPOPAT) at the regional level
(OECD, 2009a,f,e). The rationale is that technologically leading regions show in general
higher levels of EPO patent applications, which serve as a proxy for codified (analytic)
knowledge bases. Moreover, these covariates implicitly control for human capital in high-
technology and non-high-technology fields (see OECD, 2009a,b). Besides the distinction
into non-high-technology and high-technology EPO patents, the analysis also incorporates
the overall number of EPO patent applications (per capita). The hypothesis is that there
is a significant relationship between European regions’ average annual growth rates in
GDP per capita (PPP) and regions’ technology structure, which is proxied by regions’
EPO patent applications (codified knowledge). The hypothesis is that EU-15 and NMS
regions’ EPO high-technology patent application densities are significant and positive in
growth regressions. Non-high-technology EPO patent applications are assumed to show
a significant and positive coefficient in NMS regressions, as these regions are on average
technologically backward compared to EU-15 regions (see also chapter 3, sections 3.4 and
3.5).503 As has been already shown in chapters 3 and 4, leading innovative European regions
are located in the western part of Europe. These places are responsible for the major
fraction of European patent applications and are hosting the majority of EPO inventors.
EPO patent applications represent an established approximation for research activity and
are assumed to be associated with regional human capital structures (Griliches, 1990;
OECD, 2009a).

499 Statistically, metro regions are agglomerations of at least 250.000 inhabitants and represent a combi-
nation of NUTS3 regions. An agglomeration is represented by at least one NUTS3 region; however,
in most cases the metro regions consist of several units. If in an adjacent NUTS3 region more than
50% of the population also lives within this agglomeration, it is included into the metro unit.

500 Due to the level of aggregation, several neighboring regions may share this attribute.
501 According to this study, the capital region dummy in the NMS regressions is significant and positive.
502 Unfortunately, there exist no 2-digit or 3-digit industry employment data at the TL3 regional level

for the whole population of 819 regions; neither for all EU-15 countries.
503 For visualization purpose, figure A.48 in the appendix show the spatial distribution of EPO patent

applications per million inhabitants (patent densities) for the initial year (average value 1994-1996).
For further details refer to chapter 3 and 4.
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Regarding the methodological design of regional growth analyses, panel studies generally
center changes within countries over time, while cross-sectional studies examine differences
between countries and regions. Moreover, it is also argued that cross-sectional studies inves-
tigate long-run relationships, whereas panel studies look at relationships at a short/medium
viewpoint (see, e.g., Arbia et al., 2005; Geppert and Stephan, 2008). Since the explanatory
variables of the growth regression models in this study rather represent time-invariant char-
acteristics of European regions, e.g., regional typology, time-invariant employment shares,
national controls (dummy variables), and extremely time-invariant patent densities, the
focus is restricted on cross-sectional regressions. Accordingly, the following regressions
are rather interested in broad categories of factors rather than in the influence of specific
growth determinants. Although information on regional capital stocks does not exist, the
regional typology is considered to implement additional information (and variation), i.e.,
infrastructure, capital stock, human capital, local market size (Bräuninger and Niebuhr,
2005; Geppert and Stephan, 2008).504 Similarly, Geppert and Stephan (2008, 198) argued
that,

“[as] most of the explanatory variables, country and settlement-type dummies, repre-

sent time-invariant characteristics of regions, it is not possible to apply the standard

approaches of panel data analysis. The influence of these broad categories of factors

on regional income has to be evaluated in a cross-sectional setting.”

Accordingly, the following empirical analysis depicts the significance of regional dummy
variables, especially of the regional typology (i.e., settlement structure), in a cross-sectional
econometric setting. The distribution of EPO patenting activity is highly skewed but
persistent and thus represents another time-invariant feature of the TL3 regions under
analysis. Covariates and dummy variables are presented and defined in table 5.4; the
expected signs of the estimates are presented in table 5.5.

It can be concluded from the previously presented national growth regressions in tables 5.2
and 5.3 that the EU-15 and NMS group show very different growth patterns (see also Paas
and Schlitte, 2007). Therefore, this study follows several contributions and splits the EU-25
group into an EU-15 and NMS regression group for which regressions are run separately.
The results of the a-spatial conditional convergence regressions are reported in tables 5.6
(EU-15) and 5.7 (NMS). Due to potential heteroscedasticity, the conditional growth models
are estimated with White-robust heteroscedasticity-consistent standard errors for inference
purpose.505

Another issue in regional regressions is potential spatial interdependence of observations
(see also chapter 4, section 4.1). Spatial econometrics can handle this issue with the help
of (i) spatial lags of the dependent variable, or (ii) by allowing interdependence within the

504 For similar interpretations refer to Geppert et al. (2005) and OECD (2009a). Moreover, several
covariates could not be incorporated into a panel analysis due to severe data constraints at the TL3
level.

505 Although coefficients should not be biased, inference of classical least square estimations would lead to
biased standard errors and thus unreliable inference. HC3 least-square estimator and the intragroup-
cluster correlation estimator have also been applied; the latter estimator allows for intra-group inter-
dependence between observations, which represents an alternative to spatial models (group ID equals
country ID), i.e., all regions within a country form a cluster.
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Table 5.4. Dependent variable, covariates and controls

dependent variable:
GDPGROWTH 1/T ln(yi,2006/yi,1995) average annual GDP per capita growth rate (PPP)

explanatory variables:
GDPLEVEL ln(yi,t) GDP per capita level (PPP)
ρGDPLEV EL W[1/T ln(yi,t+T /yi,t)] spatial lag of average annual GDP per capita

growth rate (PPP)

INDUSTRY ln(E1i/
∑3

1 Ei) share of total regional employment in industry sec-
tor

SERVICES ln(E2i/
∑3

1 Ei) share of total regional employment in service sector
EPOPAT ln(PATi/popi) total EPO patent applications per million popula-

tion; proxy for research activity and technological
development

HTEPOPAT ln(HPATi/popi) high-tech EPO patent applications per million
population; proxy for research activity in high-
technology

NHTEPOPAT ln(NHPATi/popi) non high-tech EPO patent applications per million
population; proxy for research activity in non high-
technology

POPDENSITY ln(popi/spacei) population per square kilometer
CAPITAL χ1i regional dummy [0;1]; predominantly capital areas
METRO χ2i regional dummy [0;1]; predominantly metropolitan

areas
URBAN χ3i regional dummy [0;1]; predominantly urban areas

(see figure A.48, appendix)
INTERMEDIAT χ4i regional dummy [0;1]; predominantly intermediate

areas (see figure A.48, appendix)
RURAL χ5i regional dummy [0;1]; predominantly rural areas

(see figure A.48, appendix)
EUBORDER κ1i regional dummy [0;1]; regions sharing an extra-EU

border
NATBORDER κ2i regional dummy [0;1]; regions sharing a national

border
CTRYDUMMY ψi national control variable [0;1], AT, BE, CY, CZ,

DE, DK, EE, ES, FI, FR, GR, HU, IE, IT, LT,
LU, LV, MT, NL, PL, PT, SE, SI, SK, UK (see
also table B.3, appendix)

Table 5.5. Expected signs of explanatory variables

β(URBAN) > 0 β(INTERMEDIAT ) > 0 β(ρ) > 0
β(CAPITAL) > 0 β(METRO) > 0 β(POPDENSITY ) > 0
β(INDUSTRY ) > 0 β(SERV ICES) > 0 β(GDPLEV EL) < 0
β(EPOPAT ) > 0 β(HTEPOPAT ) > 0 β(NHTEPOPAT ) < 0
β(NATBORDER) < 0 β(EUBORDER) < 0
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error structure, or (iii) by introducing spatial effects from GDP per capita (PPP) of neigh-
boring regions, or (iv) by allowing other spatially lagging covariates in the regression (Ar-
bia et al., 2005; OECD, 2009a). However, it has been argued that spatial interdependence
vanishes due to the incorporation of national dummy variables and other region-specific
controls (regional typology) (Bräuninger and Niebuhr, 2005). The majority of spatial
autocorrelation is assumed to originate from national characteristics and thus represents
country-specific effects (Fingleton, 2003). This approach has also been proposed by, e.g.,
Bräuninger and Niebuhr (2005), Frenken and Hoekman (2006), Paas and Schlitte (2007,
2008) and Falk and Sinabell (2008). Accordingly, the major fraction of spatial spillovers is
considered to stop at national borders, meaning that intra-national interdependence and
macroeconomic factors appear to be more influential.

The most distinct feature of the spatial regressions (section 5.4.4) is that spatial LM tests
turn out to be insignificant and the hypothesis of no spatial dependence cannot be rejected
as soon as national dummy variables (CTRYDUMMY) and regional controls (METRO,
URBAN, CAPITAL) are introduced as they capture country-specific and region-specific
effects.506 Moreover, it seems that the OECD TL3 classification reduces spatial interdepen-
dence (OECD, 2010). In opposition, higher spatial aggregates are considered to generally
induces an averaging process which reduces variance (Arbia et al., 2005; Dewhurst and
McCann, 2007; Arbia and Petrarca, 2010).507

5.4.3.2. Regional Growth in the EU-15

Table 5.6 summarizes regression models for the EU-15 group (645 observations), which
include different covariates/ dummy variables (models 18-24). The results are quite similar
to Frenken and Hoekman (2006), although they studied NUTS3 regions.508

In the first EU-15 regression, (model 18, OLS-R), the initial GDP per capita level is signifi-
cant and negative (i.e., indicating convergence tendencies). The urbanization dummy (UR-
BAN) is significant and positive in almost all regression alternatives (models 18-21). This
is also the case with the alternative regional classifications, i.e., metro regions (METRO)
(see model 20). Moreover, industry employment (INDUSTRY) is significant and nega-
tive, meaning that regions with high employment shares in the industry sector have lower
growth rates (models 18-24).509 This may be explained by the fact that production (and
industry employment) is generally located in industry areas and neighboring regions but
not in the highly populated centers, which represents a sort of urban hierarchy (Fujita and
Ishii, 1999). Nevertheless, the results are generally in line with recent OECD studies at the
higher TL2 regional level (1995-2005) (OECD, 2009b,a,f). An always significant covariate

506 Regional time-invariant dummy variables are considered to introduce additional spatial heterogeneity
and to make spatial dependence vanishing as similarity between observations is decreasing.

507 To put it differently, the correlations between observations are assumed to increase with the size of the
region, which leads to a severe loss in variation due to aggregation and averaging (i.e., the MAUP).

508 Refer also to similar results presented in Geppert and Stephan (2008) and OECD (2009a). Never-
theless, the subsequent regressions differ significantly as they are done at the TL3 level and include
differing covariates, e.g., a regional typology, EPO patent applications densities and employment
controls.

509 This result is identical to the reported negative coefficient of manufacturing concentration in OECD
(2009a).
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in the EU-15 regressions is the number of EPO patent applications per million inhabi-
tants in high-technology (HTEPOPAT, models 18-22 and model 24). Non-high-technology
EPO patenting (NHTEPOPAT), however, is insignificant in the EU-15 regressions (mod-
els 18-24). The regressions also include overall EPO-patenting activity (EPOPAT). It
is significant and positive (model 23), which is in line with results reported in (OECD,
2009a).510 Regional employment in services (SERVICES) is insignificant. Moreover, the
internal border dummy (NATBORDER) and the external border dummy (EUBORDER)
are not significant, although they show the expected negative sign.511 Similarly, neither the
capital region dummy (CAPITAL) nor the intermediate region dummy (INTERMEDIAT)
are significant in the EU-15 regressions. The insignificance of the capital region dummy
in the EU-15 group may be explained by the fact that non-capital EU-15 regions are, on
average, on a similar level of development compared to capital regions but on a higher
level of development compared to their NMS counterparts (see also the results reported in
chapters 3 and 4). Moreover, the inequality decomposition and descriptive statistics have
pointed to the possibility that EU-15 regions show lower variation in growth rates com-
pared to the group of NMS countries. In regression model 19, which is again a regression
with White heteroscedasticity-consistent standard errors, the regional typology (dummy
for urban and intermediate areas) is replaced by a new covariate, i.e., population density
(POPDENSITY), which is significant and positive. Industry employment and the initial
GDP per capita level remain significant with similar point estimates and signs. In regres-
sion model 20, population density (POPDENSITY) is replaced by the metro region dummy
(METRO), which is significant and positive. The intermediate region dummy (INTER-
MEDIAT) is significant and negative in almost all regressions (or at least insignificant),
meaning that intermediate regions do not show higher growth rates. Finally, in model 24,
high-technology patenting (HTEPOPAT) and the urban dummy (URBAN) are significant
and positive.

It can be concluded from the different regression models, i.e., (i) Huber-White robust-
sandwich estimator, (ii) robust HC3 regressions, (iii) cluster-robust regression with intra-
group correlations, that population density, the regional typology and EPO patent appli-
cations are in most cases significant and positive.512 On the other hand, the initial level
of regions’ GDP and the share of regions’ industry employment are both significant but
negative in all EU-15 regressions.513 Moreover, the EU-15 regressions demonstrate that
the capital region dummy (CAPITAL) is in all cases insignificant (models 18-24), meaning
that capital regions in the EU-15 do not grow faster - at least according to the presented
regressions. The negative sign of the GDP per capita level in the EU-15 regressions sup-
ports the widely accepted opinion that EU-15 regions are generally converging (Frenken
and Hoekman, 2006; Paas and Schlitte, 2008). Although the regressions have not explic-
itly controlled for human capital, i.e., secondary and tertiary education, it may be the

510 Even the point estimate is quite similar in OECD (2009a), although the regressions are not directly
comparable due to a different spatial classification system.

511 Döring et al. (2008) discussed similar results for growth regressions in Germany.
512 Results of (ii) and (iii) are available upon request.
513 The results at the TL3 level seem to be generally in line with findings of other studies at the NUTS3,

TL2 and NUTS2 level. Refer to Niebuhr and Schlitte (2004), Bräuninger and Niebuhr (2005), Frenken
and Hoekman (2006), Döring et al. (2008), Geppert and Stephan (2008), Paas and Schlitte (2008),
Petrakos and Artelaris (2009) and Crespo Cuaresma et al. (2009b).
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case that the regional typology (urban, metro) and EPO patenting activity have implicitly
controlled for these factors. Furthermore, even if the assumption of independence of the ob-
servations is relaxed and observations are allowed to be correlated (e.g., intragroup-cluster
correlations), the covariates show the same signs and similar significance levels.514 Finally,
concerning the significance of country dummy variables, the regressions clearly demon-
strate that most EU-15 countries (and their regions) show stable development (growth)
paths relative to the reference nation which is the United Kingdom (exceptions are Greece
and Portugal).515

5.4.3.3. Regional Growth in the New Member States

After the presentation of the EU-15 regressions in the previous section, emphasis is now
placed on the NMS.516 The capital region dummy is assumed to be significant and positive,
as growth is assumed to take place predominantly in metropolises and capital regions
(see also chapter 5, section 5.3). The urban region dummy (URBAN) is assumed to be
significant and positive. Table 5.7 summarizes the estimations for the NMS group and
covers several covariates (models 25-31). The first NMS regression (model 25) shows a
significant and positive capital region dummy (CAPITAL), meaning that capital regions
in the NMS regions are generally equipped with higher growth rates. The initial GDP per
capita level (GDPLEVEL) is, on average, not significant in these regressions (models 25-
31), which points to missing convergence within the NMS group. Moreover, in opposition
to the previously presented EU-15 regressions, the regional industry employment share
(INDUSTRY) is significant and positive. Interestingly, the level of EPO patent applications
per million inhabitants in non-high-technology fields (NHTEPOPAT) is significant and
positive, which is in contrast to the EU-15 regression results. The next regression (model
26) replaces the standard regional typology (URBAN, INTERMEDIAT, RURAL) with
population density (POPDENSITY), which ranges from low values in rural areas to very
high values in metropolises and capital regions. Again, this density control is significant
and positive (models 26 and 28). Besides that, the other covariates remain significant
with similar coefficients as in the previous estimations. In the following regression (model
27), the population density control is replaced by the metro region dummy (METRO).
METRO is significant and positive, which means that metro regions show on average
higher annual regional growth rates. The regressions confirm that highly populated areas
(CAPITAL, METRO) show, on average, higher growth rates. Finally, the subsequent
regression (model 28) contains the metro region dummy (METRO) and the population
density (POPDENSITY). Both coefficients are significant and positive, meaning that highly
populated regions exhibit higher growth rates.517 The other covariates remain significant
with the same sign. Again, the capital region control dummy (CAPITAL) is significant at
the 1% level (as it is the case with all alternative NMS regressions).

514 The clustering assumption (OLS-C) relaxes the necessity of independence of observations as it only
requires that the observations have to be independent across the clusters (groups), which are national
units (CTRYDUMMY).

515 Refer also to Geppert and Stephan (2008), although their study was conducted at the NUTS1/2 level
(only 160-200 regions). See also Frenken and Hoekman (2006) for NUTS3 regressions.

516 Malta is excluded due to data constraints regarding covariates.
517 However, the two seem to be partially correlated.
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Table 5.6. Robust regression for EU-15 regions

Model (18) (19) (20) (21) (22) (23) (24)
OLS-R OLS-R OLS-R OLS-R OLS-C OLS-C OLS-C
EU-15 EU-15 EU-15 EU-15 EU-15 EU-15 EU-15

dep. var.:
1/T ln(yi,T /yi,t)

GDPLEVEL -0,0091*** -0,0092*** -0,0079*** -0,0081*** -0,0083*** -0,0086*** -0,0089***
(0,0021) (0,0021) (0,0018) (0,0017) (0,0023) (0,0024) (0,0027)

NATBORDER -0,0008 -0,0007 -0,0006
(0,0006) (0,0006) (0,0006)

EUBORDER -0,0008 -0,0008 -0,0004
(0,0018) (0,0013) (0,0013)

INDUSTRY -0,0051** -0,0054** -0,0067*** -0,0070*** -0,0068** -0,0073** -0,0051
(0,0021) (0,0021) (0,0015) (0,0013) (0,0031) (0,0033) (0,0037)

SERVICES 0,0057 0,0048 0,0050
(0,0043) (0,0043) (0,0056)

CAPITAL 0,0011 0,0008 0,0014 0,0014 0,0013
(0,0018) (0,0018) (0,0019) (0,0014) (0,0014)

URBAN 0,0020* 0,0026*** 0,0023**
(0,0010) (0,0008) (0,0008)

INTERMEDIAT -0,0004 -0,0014**
(0,0008) (0,0006)

METRO 0,0015**
(0,0007)

POPDENSITY 0,0008** 0,0010*** 0,0010***
(0,0004) (0,0003) (0,0002)

HTEPOPAT 0,0010** 0,0010* 0,0010** 0,0011*** 0,0010* 0,0010*
(0,0005) (0,0004) (0,0005) (0,0004) (0,0005) (0,0005)

NHTEPOPAT 0,0001 0,0001 0,0002
(0,0005) (0,0005) (0,0005)

EPOPAT 0,0007*
(0,0003)

AT -0,0021 -0,0021 -0,0041** -0,0032** -0,0030*** -0,0037*** -0,0025
(0,0018) (0,0018) (0,0015) (0,0015) (0,0008) (0,0006) (0,0015)

BE -0,0076*** -0,0072*** -0,0078*** -0,0079*** -0,0074*** -0,0077*** -0,0079***
(0,0016) (0,0017) (0,0016) (0,0016) (0,0004) (0,0004) (0,0005)

DE -0,0060*** -0,0060*** -0,0069*** -0,0063*** -0,0062*** -0,0061*** -0,0061***
(0,0013) (0,0013) (0,0013) (0,0012) (0,0007) (0,0007) (0,0008)

DK -0,0030* -0,0030* -0,0043*** -0,0035** -0,0034*** -0,0038*** -0,0035***
(0,0017) (0,0017) (0,0015) (0,0015) (0,0004) (0,0002) (0,0004)

ES 0,0122*** 0,0126*** 0,0111*** 0,01151*** 0,0121*** 0,0121*** 0,0118***
(0,0016) (0,0016) (0,0015) (0,0013) (0,0014) (0,0015) (0,0015)

FI 0,0051*** 0,0067*** 0,0037** 0,0045*** 0,0062*** 0,0061*** 0,0048***
(0,0019) (0,0020) (0,0017) (0,0016) (0,0010) (0,0009) (0,0010)

FR -0,0050*** -0,0048*** -0,0057*** -0,0050*** -0,0048*** -0,0051*** -0,0050***
(0,0011) (0,0016) (0,0010) (0,0011) (0,0006) (0,0004) (0,0007)

GR -0,0004 -0,0003 -0,0032 -0,0030 -0,0027** -0,0025* -0,0014
(0,0050) (0,0050) (0,0044) (0,0042) (0,0011) (0,0013) (0,0022)

IE 0,0292*** 0,0300*** 0,0273*** 0,02874*** 0,0294*** 0,0292*** 0,0291***
(0,0292) (0,0040) (0,0039) (0,0039) (0,0011) (0,0013) (0,0016)

IT -0,0108*** -0,0110*** -0,0115*** -0,0117*** -0,01165*** -0,0117*** -0,0112***
(0,0014) (0,0014) (0,0012) (0,0012) (0,0008) (0,0008) (0,0011)

LU 0,02513*** 0,0247*** 0,0227*** 0,0252*** 0,0247*** 0,0227*** 0,0241***
(0,0025) (0,0025) (0,0023) (0,0018) (0,0016) (0,0011) (0,0010)

NL 0,0034*** 0,0035*** 0,0029*** 0,0029** 0,0031*** 0,0032*** 0,0031***
(0,0034) (0,0013) (0,0011) (0,0012) (0,0006) (0,0006) (0,0007)

PT 0,0049 0,0048 0,0030 0,0029 0,0031 0,0037 0,0044
(0,0030) (0,0030) (0,0022) (0,0029) (0,0020) (0,0025) (0,0029)

SE -0,0056*** -0,0042** -0,0066*** -0,0059*** -0,0042*** -0,0044*** -0,0058***
(0,0015) (0,0016) (0,0013) (0,0013) (0,0008) (0,0006) (0,0006)

N 645 645 645 645 645 645 645
R-squared 0,5592 0,5583 0,5562 0,5551 0,5554 0,5556 0,5576

Source: own estimations. Notes: EU-15 growth regressions for period 1995-2006 w/ CTRYDUMMY;
standard errors in parentheses; OLS-R represents the Huber and White robust-sandwich estimator/robust
estimator of variance; OLS-C represents cluster-robust regression with intragroup correlation; constant
not reported; significance levels of coefficients: *** significant at the 0.01 level; ** significant at the 0.05
level; * significant at the 0.10 level. Reference country is UK and RURAL for settlement type dummy.
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5.4. Research Activity, Settlement Structure and Regional Growth 325

To conclude, the conditional convergence regressions for the NMS group support several of
the proposed hypotheses: (i) the capital region dummy (CAPITAL) is significant and posi-
tive; (ii) the metro region dummy (METRO) and population density (POPDENSITY) are
significant and positive; (iii) industry employment (INDUSTRY) is significant and positive
in the NMS group, which is different to the EU-15 regressions; (iv) the control for non-
high-technology EPO patent applications (NHTEPOPAT) is significant and positive; (v)
the initial level of GDP per capita (GDPLEVEL) is not significant, meaning that the NMS
group shows divergence, which is in strong contradiction to the EU-15 case.518 Population
density seems to be positively related but urban and metro regions in particular exhibit
higher growth rates in the EU-15 group. This finding could be explained by the fact that
densely populated areas have on average higher levels and growth rates of productivity, a
larger stock of human capital and a higher technology level, which has been demonstrated
in terms of EPO patenting activity (see chapter 3, section 3.5); cities and metropolises can
be regarded as the pivotal growth poles and centers of the creation and diffusion of knowl-
edge and new ideas.519 That being the case, the aforementioned results can be interpreted
as preliminary evidence for higher growth rates in urban regions, metropolises and capital
regions in the NMS. In the EU-15, the capital dummy is not significant, which could be
explained by the fact that core-periphery structures in the EU-15 are less pronounced.

A serious shortcoming of the presented empirical analysis is the lack of an exploration
and test of the working channels of agglomeration economies and missing research results
on causalities, endogeneity and additional covariates. Moreover, time-invariant covariates,
persistent data constraints and potential spatial autocorrelation have prevented the appli-
cation of standard panel estimators.

5.4.4. European Regional Growth and Spatial Spillovers

5.4.4.1. A General Spatial Model

Capturing spatial interdependence between observations in regression analysis avoids severe
statistical problems, e.g., unstable parameters, unreliable inference. Moreover, it provides
information on spatial relationships between observations (e.g., regions). Depending on
the specific technique, spatial relationships can be implemented into regression models
in various forms; i.e., as a relationship between a dependent and independent variable,
between the dependent variable and a spatial lag of itself, or via the error term (Anselin,
2006; OECD, 2009a; Andersson and Gr̊asjö, 2009).520

518 This result has also been confirmed by the studies of Bräuninger and Niebuhr (2005, 2008), Paas
and Schlitte (2008), Petrakos and Artelaris (2009) and Crespo Cuaresma et al. (2009b), although the
studies have been conducted at a different spatial level of aggregation.

519 For similar results refer to Williamson (1965), Florida (1995), Fujita and Thisse (1996), Duranton
and Puga (2001), Szörfi (2007) and Crespo Cuaresma et al. (2010).

520 See also Anselin (1988a), Anselin (1992), Anselin and Florax (1995), Anselin and Bera (1998) and
Anselin (1999).
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Table 5.7. Robust regression for NMS

Model (25) (26) (27) (28) (29) (30) (31)
OLS-R OLS-R OLS-R OLS-R OLS-C OLS-C OLS-C
NMS NMS NMS NMS NMS NMS NMS

dep. var.:
1/T ln(yi,T /yi,t)

GDPLEVEL -0,0052 -0,0078 0,0020 -0,0059 -0,0052 0,0020 -0,0002
(0,0066) (0,0060) (0,0042) (0,0062) (0,0076) (0,0039) (0,0069)

NATBORDER -0,0037* -0,0036* -0,0034* -0,0037* -0,0037 -0,0034
(0,0021) (0,0021) (0,0019) (0,0020) (0,0036) (0,0029)

EUBORDER -0,0031 -0,0021 -0,0024 -0,0018 -0,0031 -0,0024
(0,0021) (0,0020) (0,0020) (0,0020) (0,0019) (0,0019)

INDUSTRY 0,0114** 0,0119** 0,0103* 0,0106* 0,0114* 0,0103 0,0131**
(0,0056) (0,0060) (0,0055) (0,0058) (0,0059) (0,0061) (0,0056)

SERVICES 0,0075 0,0050 0,0020 0,0075
(0,0080) (0,0072) (0,0074) (0,0089)

CAPITAL 0,0225*** 0,0119*** 0,0194** 0,0199*** 0,0225*** 0,0195*** 0,0248***
(0,0034) (0,0060) (0,0036) (0,0033) (0,0026) (0,0035) (0,0029)

URBAN 0,0065 0,0065 0,0064
(0,0050) (0,0037) (0,0029)

INTERMEDIAT 0,0006 -0,0015 0,0006 -0,0015
(0,0022) (0,0020) (0,0028) (0,0029)

METRO 0,0058*** 0,0036* 0,0058***
(0,0019) (0,0020) (0,0013)

POPDENSITY 0,0037*** 0,0032**
(0,0010) (0,0011)

HTEPOPAT -0,0087 -0,0079* -0,0097* -0,0084 -0,0087 -0,0097
(0,0056) (0,0055) (0,0056) (0,0055) (0,0049) (0,0059)

NHTEPOPAT 0,0047** 0,0038* 0,0050** 0,0038* 0,0047** 0,0050**
(0,0021) (0,0021) (0,0022) (0,0021) (0,0018) (0,0019)

CY -0,0262*** -0,0228*** -0,0313*** -0,0254*** -0,0262*** -0,0313*** -0,0318***
(0,0072) (0,0066) (0,0061) (0,0068) (0,0053) (0,0042) (0,0048)

CZ -0,0255*** -0,0251*** -0,0290*** -0,0261*** -0,0255*** -0,0290*** -0,0255***
(0,0044) (0,0039) (0,0037) (0,0039) (0,0032) (0,0019) (0,0031)

EE 0,0278*** 0,0314*** 0,0315*** 0,0316*** 0,0278*** 0,0315*** 0,0272***
(0,0055) (0,0055) (0,0056) (0,0055) (0,0030) (0,0017) (0,0035)

HU -0,0105** -0,0104*** -0,0103*** -0,0102** -0,0104*** -0,0102*** -0,0084***
(0,0043) (0,0039) (0,0038) (0,0039) (0,0030) (0,0022) (0,0009)

LT 0,0094* 0,0109** 0,0098** 0,0102** 0,0094** 0,0098** 0,010***
(0,0049) (0,0047) (0,0049) (0,0047) (0,0029) (0,0030) (0,0030)

LV 0,0134* 0,0149** 0,0174** 0,0154** 0,0134** 0,0174*** 0,0163**
(0,0077) (0,0070) (0,0068) (0,0070) (0,0055) (0,0042) (0,0051)

PL -0,0093** -0,0109*** -0,0111*** -0,0125*** -0,0093* -0,0111** -0,0069**
(0,0040) (0,0038) (0,0039) (0,0037) (0,0042) (0,0042) (0,0021)

SI -0,010* -0,0090* -0,0155*** -0,0098* -0,0105*** -0,0155*** -0,0092**
(0,0060) (0,0054) (0,0047) (0,0052) (0,0029) (0,0024) (0,0048)

N 121 121 121 121 121 121 121
R-squared 0,7549 0,7661 0,7601 0,7713 0,7549 0,7601 0,7248

Source: own estimations. Notes: NMS growth regressions for period 1995-2006 w/ CTRYDUMMY;
standard errors in parentheses; OLS-R represents the Huber-White robust-sandwich estimator/robust
estimator of variance; OLS-C represents cluster-robust regression with intragroup correlation; constant
not reported; significance levels of coefficients: *** significant at the 0.01 level; ** significant at the 0.05
level; * significant at the 0.10 level. Reference country is SK and RURAL regions for settlement type
dummy.
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5.4. Research Activity, Settlement Structure and Regional Growth 327

A “general” spatial model that incorporates several spatially lagged variables but also
spatially correlated error terms can be expressed as in 5.4.3:

y = ρWyy︸ ︷︷ ︸
a

+ βX︸︷︷︸
b

+ϕWXX︸ ︷︷ ︸
c

+ε, (5.4.3)

ε = λWξξ︸ ︷︷ ︸
d

+u,

u ∼ N(0, σ2
uI).

W represents a spatial weight matrix for the autoregressive process ρWyy, the cross-
regressive process ϕWXX and the error term process λWξξ. y represents a (n× 1) vector
of observations of a dependent variable; Wy is a (n × 1) vector of observations of a spa-
tially lagged dependent variable for a (n × n) spatial weight matrix W ; ρ represents the
(k × 1) spatial auto-regressive parameter/coefficient; X is the (n× k) vector of exogenous
explanatory variables; β is a (k×1) vector of corresponding coefficients; ϕWXX represents
a (n × 1) vector of a spatially lagged independent variable. ε finally represents a (n × 1)
vector of independent disturbances, which can be implemented as a spatially lagged pro-
cess. u is a (n× 1) vector of errors assumed to be independently and normally distributed
with u ∼ N(0, σ2

uI). The generalized spatial model can also be reduced to several sub-
mechanisms a, b, c, d. Note that a represents an autoregressive process of the dependent
variable, whereas c represents a cross-regressive process. d is a spatially weighted process
of the error term; b is just a standard vector of exogenous explanatory variables (Freund,
2008; Richter and Freund, 2008; Andersson and Gr̊asjö, 2009). Thus, alternative imple-
mentations [0; 1] of weights (Wy, WX , Wξ) will provide differing model structures that
account for alternative forms of spatial interdependence. Simple spatial lags are obtained
by setting Wξ = 0, so that the error term satisfies classical assumptions (Freund, 2008;
Richter and Freund, 2008; Andersson and Gr̊asjö, 2009).

5.4.4.2. Regional Growth Models and Spatial Interdependence

The previous section stressed general methodological issues of spatial dependence with
respect to regional regressions. Potential issues in cross-sectional regional data and regres-
sions can be addressed by spatial models, e.g., commuting effects, trade flows, input-output
structures, diffusion of knowledge and technology across regional borders (Bräuninger and
Niebuhr, 2005; Arbia et al., 2008; Patuelli et al., 2010).521 However, allowing for spatial
spillovers in growth regressions could lead to decreasing effects of the initial GDP level
on the growth rate and thus on the speed of convergence (Abreu et al., 2005; Paas and
Schlitte, 2008; Geppert and Stephan, 2008). If spatial spillovers are significant, then Euro-
pean regions are considered to influence neighboring regions’ growth rates in a meaningful
and positive (or negative) way (and vice versa). Moreover, the presence of spatial growth
spillovers could be interpreted in the following way: exogenous shocks in one region, e.g.,
supply and/or demand shocks, or knowledge accumulation, induce positive (negative) ef-
fects on neighboring regions and some kind of feed-back effects as spatial dependence is

521 See also Rey and Montouri (1999) and Baumont et al. (2000).
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bi-directional.522 In the same vein, policy instruments with local focus would also be de-
termined by a sincere spatial crowding-out effect to neighboring units (Abreu et al., 2005;
Freund, 2008; Harris, 2008).

The incorporation of spatially lagged dependent variables or errors leads to endogeneity
issues. Anselin (1988a), among others, proposed a spatial maximum-likelihood approach.523

Accordingly, the first methodological line of research implements spatial interaction via
the dependent variable by modeling the spatial processes of interest (see model 5.4.3)
(Anselin, 1988a, 2002, 2006). Otherwise, OLS estimates would be biased, if substantial
spatial dependence is present. A second approach identifies spatial dependence between
ignored variables, which is reflected by the error term (see model 5.4.3). Such nuisance
spatial dependence yields unbiased but inefficient OLS regression results (Anselin, 1988a,
2002, 2006; Fingleton and López-Bazo, 2006).524 To repeat a point made earlier, spatial
growth models that explicitly account for spatial autocorrelation (see section 4.2.1.4) show
in most cases slower catching-up processes because the point estimates of the initial income
variable (GDPLEVEL) decrease due to the implementation of a spatially lagged dependent
variable (Rey and Montouri, 1999; Harris, 2008; Arbia et al., 2008).525

Regarding regional heterogeneity, the applied spatial typology (i.e., capital, urban, rural
regions) and the implementation of national dummy variables control for a large fraction of
spatial interdependence between areas, but may, nevertheless, leave considerable variation
in the data. Under this hypothesis, the majority of spatial spillovers are unlikely to reach
beyond regions’ borders (Bräuninger and Niebuhr, 2005; Andersson and Gr̊asjö, 2009; Pat-
uelli et al., 2010).526 However, in order to test for remaining neighborhood effects, the
growth models have to test for nuisance and substantive spatial dependence by inclusion of
(i) an endogenous (n×n) spatially lagged (k× 1) vector of dependent variables (ρWy), or
(ii) by a (n× n) spatially lagged (k × 1) vector of exogenous variables (φWX), or (iii) by
inclusion of potential spatial interaction in the error term (λWε) (Anselin, 2006; Andersson
and Gr̊asjö, 2009), or (iv) by inclusion of additional covariates that minimize spatial depen-
dence (regional typology or spatial filter) (Anselin, 2006; Andersson and Gr̊asjö, 2009).527

522 It is incorrect to compare the β-coefficient of a spatial lag model (direct marginal effect) with the
β−coefficient of an OLS regression (total marginal effects). The column sum of the matrix of the
spatial multiplier β(1− ρW )−1 then captures the total effect of an exogenous shock from region i on
all neighboring regions j, whereas the row sum of the matrix represents the total effect on region i
from a simultaneous shock in all neighboring regions j (Abreu et al., 2005).

523 Spatial ML-regressions allows for endogeneity and heteroscedasticity. For more details see, e.g.,
Anselin (1992), Anselin and Getis (1992), Rey and Montouri (1999), Anselin (1999), Smirnov and
Anselin (2001), Abreu et al. (2005), van Oort and Raspe (2007), Anselin (2007) and Arbia et al.
(2008).

524 The Moran’s I test offers results for alternative forms of ignored spatial dependence, whereas the
LM test supplies detailed information about the kind of spatial dependence (Anselin and Rey, 1991;
Anselin and Bera, 1998; Anselin and Florax, 1995). It is clear that the choice of spatial weights and
the modeled distance decay effects are highly dependent on the assumed spatial process.

525 See also Abreu et al. (2005) and Fingleton and López-Bazo (2006).
526 The inclusion of spatial spillovers do not at all give any theoretic indication about the microeconomic

or regional origin of the spillover. The spatial control variable is simply considered to be a necessary
econometric correction.

527 Spatial dependence is of nuisance form if the LM-test for spatial error dependence (LMerr) is more
significant than the test for spatial lag dependence (LMlag) and the robust LM test for the error
(RLMerr) is significant and the one for the robust spatial lag is not (RLMlag). Contrary, when the
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5.4. Research Activity, Settlement Structure and Regional Growth 329

In this respect, the regional typology can be interpreted to reduce spatial dependence
between observations.528

A first possible treatment of spatial effects that might affect inter-regional growth rates is
accomplished by incorporating a k × 1 vector of spatially weighted exogenous variables,
WXi,t, with

W =

{
wij = 1, if dij ≤ d

wij = 0, otherwise.
(5.4.4)

wij defines the interaction between regions i and j; W is a spatial n × n weight matrix.
The weight matrix combines a spatial structure (distance band with dij ≤ d) with a k × 1
vector of regional factors (Xi,t) of neighboring regions with a parameter vector φ (see
section 4.2.1.3 for more details). Therefore, the original growth regression model (5.4.2),
which represents a log-linear approximation of a conditional convergence equation, can be
extended by incorporating spatial spillover effects from neighboring regions, i.e., Wln(Xi,t),
which transforms the initial a-spatial conditional convergence model to a cross-regressive
spatial convergence model (SCR). Thus, spatially lagged income levels attribute importance
to spatial relations (Abreu et al., 2005; Anselin, 2006; Andersson and Gr̊asjö, 2009).529

1

T
ln

(
yt+T

yt

)
= β0 + β1ln(yt) + β2ln(Xt) + φ [Wln(Xt)] + ε (5.4.5)

ε ∼ N(0, σ2
εI)

The spatial (mixed-regressive-) autoregressive model (SAR) with inter-regional spillovers
effects represents an alternative (5.4.6). It is different to the previous model (5.4.5) as

it includes a spatial lag of the dependent variable (
∑N

j=1 wij
1
T
ln

(
yj,t+T

yj,t

)
). However, the

problem arises that the spatial lag is endogenous to the dependent variable, which requires
2SLS- or ML-technique (Anselin and Rey, 1991; Anselin, 2006; Andersson and Gr̊asjö,
2009).

1

T
ln

(
yt+T

yt

)
= β0 + β1ln(yt) + β3ln(Xt) + ρ

[
1

T
Wln

(
yt+T

yt

)]
+ ε (5.4.6)

ε ∼ N(0, σ2
εI)

W represents the spatial weight matrix for the autoregressive process. In general,
∑N

j=1 wijyj

is a (n×1) vector of a spatially lagged dependent variable, here 1
T
ln

(
yj,t+T

yj,t

)
for a n×n spa-

tial weight matrix; ρ represents the parameter vector of the spatial auto-regressive process

robust spatial lag LM-test (RLMlag) is significant, inference goes in favor of a spatial autocorrelated
lag variable. Alternative treatment of spatial weights will provide differing model structures that
account for alternative spatial mechanisms (Anselin and Florax, 1995; Andersson and Gr̊asjö, 2009).

528 See Rey and Montouri (1999), Baumont et al. (2001, 2003), Le Gallo et al. (2003), Anselin (2006)
and Patuelli et al. (2010), among others.

529 This specification can still be estimated with an OLS estimator as
∑N

j=1 wijXj,t is exogenous to the
covariates as long as the errors and the dependent variables are independent.
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(Anselin, 2006; Andersson and Gr̊asjö, 2009).530 If the spatially lagged (weighted) depen-
dent variable is positive and significant, it would mean that (i) spatial spillovers exist and
(ii) that spillovers are determining the growth process of neighboring regions.

As an alternative to the above presented SAR model, the so-called spatial error model
(SER) is adequate when nuisance spatial dependence originates from omitted variables
(Andersson and Gr̊asjö, 2009).531 When the errors follow a first order process, the condi-
tional convergence/growth model can be written as in 5.4.7:

1

T
ln

(
yt+T

yt

)
= β0 + β1ln(yt) + β3ln(Xt) + ε (5.4.7)

ε = λWξ + u

u ∼ N(0, σ2
uI)

Thus, the SER model includes spatial dependence in the error term.532

A technical consideration concerns the choice between the above illustrated regression
approaches. Following the arguments of, e.g., Fingleton (2003), growth spillovers are likely
to cross regions’ administrative borders and might influence neighboring regions’ growth
process (Bräuninger and Niebuhr, 2005). The growth regressions are done for the EU-15
and NMS regions.533 For illustration and comparison purpose, the SAR estimations are
reported for the EU-15 and NMS group.

5.4.4.3. Estimation Results

With regard to the methodological issues discussed in the previous section, tables 5.8 and
5.9 (and B.11, appendix) highlight the regression results for the EU-15 group (models 32-
40). The regression results for the NMS group (models 40-53) are illustrated in table 5.10
(and B.12, appendix).

It can be concluded from the highlighted EU-15 regressions (models 32-45) that regional
spillovers (of average annual regional GDP growth rates) are only statistically significant
when country dummy variables (CTRYDUMMY) are excluded from the regressions (see
table B.11, appendix, models 41-45). As soon as country dummy variables are included
(models 32-40), the spatial multipliers cannot reject the hypothesis of no spatial depen-
dence. Rook contiguity distance matrices (rook1, rook12) and a large number of alternative

530 It represents the spatially weighted average growth rate of neighboring observations that influences
region i. See also Anselin and Bera (1998) and Rey and Montouri (1999).

531 The issue is treated by the error process with errors from different neighboring regions (displaying
spatial covariance).

532 λ is a scalar spatial error coefficient expressing the intensity of spatial correlation between regression
residuals ε. ut,1, ut,2, ..., ut,n is assumed to be independently and normally distributed. SER and SAR
are in general estimated in a maximum likelihood (ML) or generalized method of moments (GMM)
framework (Anselin, 1988a, 2006; Andersson and Gr̊asjö, 2009).

533 The robust LM-lag and robust LM-error test have been applied to choose between the SER and SAR
concept. It turns out that LM-lag is always larger than LM-error. However, all LM-tests remain
insignificant when country dummy variables are included.
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distance band weight matrices (e.g., 100, 200, 250, 300, 350, 400, 500 kilometers) have been
tested.534

According to the theoretical remarks on knowledge diffusion and inter-regional effects
(chapter 2, section 2.1) and the empirical evidence of existing studies (chapter 2, section
2.2), spatial interdependence with significant and positive influence (lag or error interde-
pendence) is expected to occur within a distance band of maximum 200-400 kilometers
as has been observed in several regional studies (Moreno et al., 2005c; Greunz, 2005).535

Spatial spillovers are most likely to happen in close neighborhoods or between primary and
secondary growth poles at a proximate distance. However, the spatial LM-tests cannot con-
firm remaining spatial autocorrelation when national dummy variables (as well as regional
typology dummy variables) are included (models 32-40). Therefore, national dummy vari-
ables are interpreted as a crucial factor in these models as they indicate that inter-regional
spillovers seem to decrease (and vanish) at national borders.536 Regional and national
characteristics seem to play a dominant role compared to spatial spillovers; at least in the
methodological approach used in this study. Thus, in the presented regressions (models
32-40), the effects of spatial spillovers seem to be sufficiently captured by national controls
(and the implementation of a regional typology), which eliminate spatial autocorrelation
as indicated by insignificant spatial lags in the spatial maximum likelihood set-up and in-
significant spatial LM-tests (see also Eckey et al., 2003; Fingleton, 2003; Bräuninger and
Niebuhr, 2005). Concerning the covariates in the presented spatial model alternatives,
GDPLEVEL is always significant and negative in the EU-15 group (tables 5.8 and 5.9,
models 32-40), which can be interpreted as evidence for convergence of EU-15 regions.
This finding is also supported by the work of Bräuninger and Niebuhr (2005, 2008) at the
NUTS1/2 level. Moreover, similar to the previous OLS regressions (see section 5.4.3.2),
the regional industry employment share (INDUSTRY) is significant and negative. UR-
BAN and HTEPOPAT are again significant and positive. The spatial spillover, ρ, turns
out to be statistically significant and positive, dominating other covariates, when national
controls (CTRYDUMMY) are excluded (see table B.11, appendix, models 41-45). In this
case (models 41-45), the capital region control (CAPITAL) becomes also significant and
positive, whereas other covariates become insignificant.

The spatial regressions for NMS regions (models 46-53) are presented in the following
(table 5.10 and table B.12, appendix). First and foremost, the results are quite similar
compared to the a-spatial approach in the previous section 5.4.3.3. It can be concluded
from the ML-estimations (models 46-50) that capital regions (CAPITAL) exhibit higher
growth rates (table 5.10). Moreover, industry employment (INDUSTRY) is significant and
positive. The initial level of GDP per capita (GDPLEVEL) is insignificant when country
dummy variables are included. However, when country dummy variables are excluded,
the spatial lag becomes significant and positive, dominating other covariates (table B.12,
models 51-53, appendix), meaning that spatial autocorrelation is present (i.e., spillovers).

534 A fraction of all tested weight matrices is presented in the tables. Further information is available
from the author upon request. For similar results at the NUTS1/2 level see Bräuninger and Niebuhr
(2005).

535 See also chapter 2, section 2.2.
536 This idea has been proposed by Bräuninger and Niebuhr (2005) and Feldkircher (2006). Refer also

to Geppert et al. (2005), Geppert and Stephan (2008) and Paas and Schlitte (2007, 2008) for similar
conclusions with respect to national controls.
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To conclude, regional industry employment (INDUSTRY), the urban dummy (URBAN)
and capital dummy (CAPITAL) remain significant and positive in spatial NMS regressions.
Interestingly, the GDP level (GDPLEVEL) becomes significant and negative when country
dummy variables are excluded, which could be interpreted as convergence tendencies in
case that regressions do not control for national characteristics.

To conclude, the presented simple regressions demonstrate that the EU-15 and NMS TL3
regions show differing growth structures. Moreover, the significance of covariates/ dummy
variables in the regional growth regressions is not identical. The regional typology can be
considered to implement additional information into the regional regressions. Furthermore,
patenting activity, measured via EPO patent application densities, adds additional infor-
mation regarding inventive activity into the regressions.537 The reported results, although
preliminary and limited in detail, seem to confirm the existence of structural differences
between the NMS and EU-15 concerning the growth process of regions. Nevertheless,
additional empirical analysis is needed in order to analyze the structural features and dif-
ferences of the European regions. A necessary step would be to improve the availability of
regional data at the TL3 level for the EU-25, Switzerland and Norway; e.g., employment
data at the 2-3 digit-level, data on human resources and skill-levels, spatially disaggregated
R&D data at the TL3 level (governmental R&D, higher-educational R&D, business R&D).
Furthermore, the provision of longer time series on GDP and productivity at the TL3 level
should improve the possibilities for future descriptive and econometric studies.

537 Unfortunately, the causality remains unchallenged. Does patenting activity affect regional growth or
vice versa? This issue needs additional research.
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Table 5.8. Spatial regression (ML-SAR) for EU-15 regions

Model (32) (33) (34) (35) (36)
EU-15 EU-15 EU-15 EU-15 EU-15

dep. var.:
1/T ln(yi,T /yi,t)

GDPLEVEL -0,0095*** -0,0088*** -0,0088*** -0,0089*** -0,0091***
(0,0016) (0,0015) (0,0016) (0,0016) (0,0016)

NATBORDER -0,0008 -0,0008 -0,0007 -0,0008 -0,0008
(0,0006) (0,0006) (0,0006) (0,0006) (0,0006)

EUBORDER -0,0008 -0,0007 -0,0003 -0,0003 -0,0003
(0,0013) (0,0013) (0,0013) (0,0013) (0,0013)

INDUSTRY -0,0053** -0,0050*** -0,0056*** -0,0056*** -0,0058***
(0,0017) (0,0016) (0,0017) (0,0017) (0,0017)

SERVICES 0,0050 0,0062* 0,0046 0,0045 0,0044
(0,0034) (0,0033) (0,0033) (0,0033) (0,0033)

CAPITAL 0,0012 0,0010 0,0013 0,0013 0,0012
(0,0014) (0,0014) (0,0013) (0,0013) (0,0013)

URBAN 0,0020* 0,0019* 0,0017* 0,0017* 0,0017*
(0,0010) (0,0010) (0,0010) (0,0010) (0,0010)

INTERMEDIAT -0,0004 -0,0004 -0,0004 -0,0004 -0,0004
(0,0008) (0,0008) (0,0008) (0,0008) (0,0008)

HTEPOPAT 0,0010** 0,0010** 0,0010* 0,0010** 0,0010**
(0,0005) (0,0004) (0,0005) (0,0005) (0,0005)

NHTEPOPAT 0,0001 0,0002 0,0002 0,0001 0,0001
(0,0005) (0,0005) (0,0005) (0,0005) (0,0005)

AT -0,0022 -0,0018 -0,0023 -0,0030 -0,0039**
(0,0014) (0,0017) (0,0018) (0,0018) (0,0019)

BE -0,0077*** -0,0070*** -0,0074*** -0,0079*** -0,0086***
(0,0020) (0,0024) (0,0023) (0,0023) (0,0023)

DE -0,0061*** -0,0056*** -0,0058*** -0,0065*** -0,0074***
(0,0092) (0,0011) (0,0012) (0,0013) (0,0013)

DK -0,0028 -0,0026 -0,0029 -0,0036* -0,0046**
(0,0018) (0,0021) (0,0021) (0,0022) (0,0013)

ES 0,0124*** 0,0117*** 0,0121*** 0,0127*** 0,0135***
(0,0013) (0,0014) (0,0016) (0,0015) (0,0016)

FI 0,0046*** 0,0051*** 0,0046** 0,0047** 0,0051***
(0,0016) (0,0019) (0,0019) (0,0019) (0,0019)

FR -0,0050*** -0,0047*** -0,0049*** -0,0055*** -0,0061***
(0,0008) (0,0010) (0,0012) (0,0012) (0,0013)

GR -0,0050 0,0004 -0,0010 -0,0016 -0,0021
(0,0025) (0,0027) (0,0028) (0,0027) (0,0027)

IE 0,0281*** 0,0284*** 0,0282*** 0,0295*** 0,0306***
(0,0023) (0,0029) (0,0032) (0,0031) (0,0030)

IT -0,0110*** -0,0103*** -0,0105*** -0,0117*** -0,0132***
(0,0010) (0,0012) (0,0017) (0,0018) (0,0019)

LU 0,0242*** 0,0254*** 0,0248*** 0,0242*** 0,0236***
(0,0079) (0,0076) (0,0075) (0,0075) (0,0071)

NL 0,0032* 0,0035 0,0036 0,0029 0,0021
(0,0019) (0,0022) (0,0022) (0,0022) (0,0022)

PT 0,0044** 0,0048** 0,0031 0,0033 0,0037*
(0,0020) (0,0021) (0,0022) (0,0022) (0,0022)

SE -0,0059*** -0,0051*** -0,0056*** -0,0062*** -0,0068***
(0,0016) (0,0019) (0,0019) (0,0019) (0,0019)

ρ -0,0517 0,0393 0,0412 -0,0519 -0,1727
(0,0317) (0,0342) (0,0915) (0,1026) (0,1129)

N 640 640 640 640 640
W-matrix ϑ : rook1 ϑ : rook12 ϑ : 250km ϑ : 300km ϑ : 350km
LR-test 0,0006 1,2752 0,1893 0,2521 -71,2431
AIC -4460,3 -4463,53 -4446,52 -4443,82 -4372,33
log likelihood 2256,15 2256,76 2248,2581 2247,91 2212,16
R-squared 0,5540 0,5601 0,5634 0,5635 0,5652

Source: own estimations. Notes: Growth regressions for period 1995-2006 w/ CTRYDUMMY;
standard errors in parentheses; SAR-maximum likelihood estimation with spatial lagged dependent
variable (ρ); standard errors in parentheses; spatial lags insignificant for tested threshold distances ϑ
(contiguity, kilometers); constant not reported; significance levels of coefficients: *** significant at the
0.01 level; ** significant at the 0.05 level; * significant at the 0.10 level. Reference country is UK and rural
regions for settlement type. Projected shapefile and matrix generated in ArcGIS 9.3.1. environment.
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Table 5.9. Spatial regression (ML-SAR) for EU-15 regions (cont’d)

Model (37) (38) (39) (40)
EU-15 EU-15 EU-15 EU-15

dep. var.:
1/T ln(yi,T /yi,t)

GDPLEVEL -0,0089*** -0,0082*** -0,0091*** -0,0084***
(0,0016) (0,0015) (0,0016) (0,0015)

NATBORDER -0,0007 -0,0007
(0,0006) (0,0006)

EUBORDER -0,0003 -0,0003
(0,0013) (0,0013)

INDUSTRY -0,0060*** -0,0069*** -0,0060*** -0,0070***
(0,0016) (0,0011) (0,0016) (0,0011)

SERVICES 0,0036 0,0035
(0,0033) (0,0033)

CAPITAL 0,0009 0,0009
(0,0014) (0,0014)

POPDENSITY 0,0010*** 0,0010*** 0,0009*** 0,0010***
(0,0003) (0,0003) (0,0003) (0,0003)

HTEPOPAT 0,0009* 0,0009*** 0,0009* 0,0009***
(0,0005) (0,0004) (0,0005) (0,0004)

NHTEPOPAT 0,0002 0,0001
(0,0005) (0,0005)

AT -0,0021 -0,0028* -0,0027 -0,0034**
(0,0017) (0,0016) (0,0018) (0,0017)

BE -0,0070*** -0,0072*** -0,0075*** -0,0077***
(0,0023) (0,0023) (0,0023) (0,0023)

DE -0,0056*** -0,0059*** -0,0063*** -0,0066***
(0,0012) (0,0012) (0,0013) (0,0013)

DK -0,0027 -0,0032 -0,0035 -0,0039
(0,0021) (0,0020) (0,0021) (0,0021)

ES 0,0128*** 0,0125*** 0,0133*** 0,0130***
(0,0016) (0,0015) (0,0016) (0,0015)

FI 0,0063*** 0,0061*** 0,0065*** 0,0064***
(0,0020) (0,0019) (0,0020) (0,0019)

FR -0,0046*** -0,0046*** -0,0052*** -0,0051***
(0,0012) (0,0012) (0,0012) (0,0012)

GR -0,0009 -0,0026 -0,0014 -0,0030
(0,0027) (0,0022) (0,0028) (0,0022)

IE 0,0292*** 0,0289*** 0,0301*** 0,0300***
(0,0031) (0,0031) (0,0030) (0,0029)

IT -0,0106*** -0,0112*** -0,0110*** -0,0123***
(0,0017) (0,0016) (0,0018) (0,0017)

LU 0,0246*** 0,0248*** 0,0241*** 0,0242***
(0,0075) (0,0073) (0,0075) (0,0074)

NL 0,0036 0,0033 0,0030 0,0027
(0,0022) (0,0022) (0,0022) (0,0022)

PT 0,0031 0,0016 0,0033 0,0019
(0,0022) (0,0016) (0,0022) (0,0017)

SE -0,0040** -0,0041** -0,0045** -0,0046**
(0,0020) (0,0020) (0,0020) (0,0020)

ρ 0,0002 0,0266 -0,0530 -0,0576
(0,0005) (0,0909) (0,1020) (0,1014)

N 640 640 640 640
W-matrix ϑ : 250km ϑ : 250km ϑ : 300km ϑ : 300km
LR-test 0,1360 0,0813 0,2626 0,3188
AIC -4446,46 -4453,39 -4446,59 -4453,63
log likelihood 2248,23 2246,69 2248,29 2246,81
R-squared 0,5639 0,5618 0,5640 0,5620

Source: own estimations. Notes: Growth regressions for period 1995-2006 w/ CTRYDUMMY;
standard errors in parentheses; SAR-maximum likelihood estimation with spatial lagged dependent
variable (ρ); standard errors in parentheses; spatial lags insignificant for tested threshold distances ϑ
(contiguity, kilometers); constant not reported; significance levels of coefficients: *** significant at the
0.01 level; ** significant at the 0.05 level; * significant at the 0.10 level. Reference country is UK and rural
regions for settlement type. Projected shapefile and matrix generated in ArcGIS 9.3.1. environment.
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Table 5.10. Spatial regression (ML-SAR) for NMS regions

Model (46) (47) (48) (49) (50)
NMS NMS NMS NMS NMS

dep. var.:
1/T ln(yi,T /yi,t)

GDPLEVEL -0,0055 -0,0051 -0,0049 -0,0078 -0,0085
(0,0055) (0,0056) (0,0055) (0,0054) (0,0053)

NATBORDER -0,0037* -0,0037* -0,0035* -0,0037* -0,0036**
(0,0019) (0,0019) (0,0019) (0,0019) (0,0018)

EUBORDER -0,0022 -0,0032 -0,0030 -0,0021 -0,0012
(0,0022) (0,0022) (0,0021) (0,0020) (0,0020)

INDUSTRY 0,0116** 0,0114** 0,0106** 0,0119** 0,0122**
(0,0048) (0,0048) (0,0048) (0,0046) (0,0046)

SERVICES 0,0089 0,0071 0,0059 0,0049 0,0069
(0,0074) (0,0075) (0,0074) (0,0072) (0,0071)

CAPITAL 0,0225*** 0,0224*** 0,0217*** 0,0220*** 0,0219***
(0,0034) (0,0035) (0,0034) (0,0034) (0,0033)

URBAN 0,0068* 0,0065 0,0065
(0,0040) (0,0041) (0,0040)

INTERMEDIAT 0,0010 0,0006 0,0007
(0,0020) (0,0020) (0,0020)

POPDENSITY 0,0037*** 0,0039***
(0,0012) (0,0012)

HTEPOPAT -0,0079** -0,0087** -0,0094** -0,0079** -0,0071*
(0,0040) (0,0040) (0,0039) (0,0039) (0,0039)

NHTEPOPAT 0,0044** 0,0047** 0,0051*** 0,0038** 0,0035*
(0,0019) (0,0019) (0,0019) (0,0019) (0,0018)

CZ -0,0234*** -0,0260*** -0,0282*** -0,0252*** -0,0224***
(0,0046) (0,0047) (0,0046) (0,0046) (0,0044)

EE 0,0206*** 0,0297*** 0,0434*** 0,0318*** 0,0231***
(0,0071) (0,0086) (0,0096) (0,0082) (0,0067)

HU -0,0102*** -0,0104*** -0,0098*** -0,0105*** -0,0103***
(0,0037) (0,0037) (0,0037) (0,0036) (0,0035)

LT 0,0070 0,0100* 0,0147*** 0,0111** 0,0082*
(0,0049) (0,0052) (0,0053) (0,0048) (0,0046)

LV 0,0091 0,0146** 0,0233*** 0,0152** 0,0097
(0,0066) (0,0073) (0,0077) (0,0069) (0,0062)

PL -0,0085** -0,0094** -0,0094** -0,0109*** -0,0102***
(0,0038) (0,0039) (0,0038) (0,0038) (0,0038)

SI -0,0099* -0,0107* -0,0110* -0,0090 -0,0082
(0,0057) (0,0058) (0,0057) (0,0056) (0,0055)

ρ 0,1764 -0,0475 -0,4041* -0,0109 0,2056*
(0,1170) (0,1767) (0,2166) (0,1697) (0,1116)

W-matrix ϑ : 150km ϑ : 200km ϑ : 250km ϑ : 200km ϑ : 150km
LR-test 2,0262 0,0623 3,1547* 0,0034 2,9094
AIC -769,9170 -767,9530 -771,0460 -775,5010 -778,4070
log likelihood 403,9590 402,9770 404,5230 405,7500 407,2030
N 120 120 120 120 120
R-squared 0,7595 0,7543 0,7625 0,7653 0,7726

Source: own estimations. Notes: NMS growth regressions for period 1995-2006 w/ CTRYDUMMY;
standard errors in parentheses; SAR-maximum likelihood estimation with spatial lagged dependent
variable (ρ); standard errors in parentheses; spatial lags insignificant for tested threshold distances ϑ
(contiguity, kilometers); constant not reported; significance levels of coefficients: *** significant at the
0.01 level; ** significant at the 0.05 level; * significant at the 0.10 level. Reference country is SK and rural
regions for settlement type. Projected shapefile and matrix generated in ArcGIS 9.3.1. environment.
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6. Summary, Conclusions and Future Research

This chapter summarizes the main findings and empirical results of this study. Conclud-
ing remarks, shortcomings and limitations of the conducted empirical analyses as well as
suggestions for future research will be given.

The main objective of this study was to offer insights into the spatial distribution of research
and inventorship activity (i.e., EPO patenting activity), core-periphery structures and co-
patenting networks across European TL3 regions in the 1980s, 1990s and 2000s. In chapter
3, a special emphasis was placed on the spatial distribution and structural development
of research clustering in different technology fields at the level of European TL3 regions.
Furthermore, this study introduced a quantitative multidimensional measure of research
clustering in a pan-European context. In addition to global clustering statistics, the quan-
titative cluster analysis identified leading European regions for a comprehensive number of
technology fields. Furthermore, the strength of the identified research clusters was analyzed
relating to the regional typology. Another major objective of this study was to identify
and analyze the structure and development of technology field-specific inter-regional co-
patenting (co-inventor) networks in Europe. For this reason, chapter 4 emphasized inter-
regional co-patenting network linkages between European TL3 regions and countries for
the periods 1990-1994 and 2000-2004. The analysis of inter-regional co-patenting linkages
at the European TL3 level enabled global and local technology field-specific comparisons
and conclusions. Finally, chapter 5 placed emphasis on the development of European re-
gional income disparities and the determinants of regional growth between the 1990s and
2000s, with a special focus on regional patenting activity and the regional typology.

6.1. The Literature Review

Chapter 2 offered a theoretical and empirical literature review regarding core-periphery
structures, agglomeration economies and research clustering.

The theoretical literature review (section 2.1) offered a review and discussion of a remark-
able number of causes, working channels and stylized facts relating to location, co-location,
agglomeration and co-agglomeration of industries, whereas special emphasis was placed on
R&D clustering, research networks and the distribution of knowledge-intensive tasks. Re-
search clustering, a.k.a. the geography of innovation, is challenged by several epistemic
communities and approached in different strands of empirical research. Some researchers
have particularly emphasized pecuniary externalities, linkages and formal networks at the
firm-level in dense markets and industry agglomerations, whereas others have primarily
devoted their attention to technological externalities, social networks, the nature of knowl-
edge and the process of knowledge transmission. Nevertheless, both lines of research offered
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338 6. Summary, Conclusions and Future Research

pivotal explanations for the observed skewed distribution of R&D activity, the emergence
and disappearance of industry agglomerations and research clusters.

The theoretical approaches and concepts presented in the review differ with regard to the
weight given to the different dimensions of agglomeration economies, the micro-foundations
of knowledge transmission and the attention devoted to the spatial distribution of inno-
vative activity in general (i.e., the “industrial” dimension, the “technological” dimension,
the “geographic” dimension, the “socio-cultural” dimension, the “cognitive” dimension of
clustering). The theoretical review demonstrated that the literature on clusters and ag-
glomerations is manifold and that the different streams of research have co-evolved for
decades with and without moments of cross-fertilization. In summary, almost all lines of
research give support to the existence of pecuniary externalities, localized and inter-regional
knowledge spillovers and flows. The theoretical review was elementary to identify pivotal
indicators regarding knowledge-intensive industries and core-periphery structures. It was
demonstrated that the spatial distribution of researchers, high-skilled workers, blueprints
(i.e., patents) and GVA in knowledge-intensive industries is considered to be an essen-
tial indicator for innovative capacity and research clustering. Besides physical geography
(i.e., first-nature), second-nature agglomeration economies generally emerge from sharing,
matching, and learning mechanisms in industry agglomerations, metropolises and research
clusters.

Accordingly, the theoretical review demonstrated that the origins of core-periphery struc-
tures are indeed multifaceted: (i) intra-market externalities (pecuniary externalities) that
work via prices, (ii) quasi-market externalities (externalities from network transactions)
and (iii) extra-market externalities (technological externalities) that occur without (com-
plete) monetary compensation. Moreover, a general taxonomy was introduced, which
was built upon the following pillars: (i) the spatial dimension of externalities (proxim-
ity/agglomeration vs. network link externalities); (ii) the effects of externalities (efficiency
vs. innovation externalities); and (iii) the nature of externalities (pecuniary vs. non-
pecuniary externalities). Regarding pecuniary externalities, the concepts of urbanization
and localization economies were integrated (section 2.1.5). With regard to dynamic effects
in agglomerations, the origins and effects of innovation (development) externalities (section
2.1.6) were addressed and special emphasis was placed on the concepts of Marshall-Arrow-
Romer externalities (section 2.1.6.2), Jacobs externalities (section 2.1.6.3) and Porter ex-
ternalities (section 2.1.6.4). Finally, special attention was given to knowledge generation
and its transmission via anonymous market transactions, via (routine) network link trans-
actions and via intentional and unintentional knowledge flows in networks at a proximate
distance (section 2.1.7).

In conclusion, the intensity and overall effect of centripetal and centrifugal forces is largely
dependent on economic integration, scale and scope economies, the spatial range of inter-
and intra-industry knowledge spillovers, factor mobility and the presence of informal and
formal networks. Although spatial proximity is generally beneficial for research activities
and knowledge transmission, long-distance research networks and informal social networks
also have the potential to overcome long distances and to enforce regional innovative ca-
pacities. Regarding these theoretical conclusions, the recent activities of the European
institutions, the aim of which is to support and intensify inter-regional and cross-border
research collaborations, can be considered to be a suitable step forward.
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The empirical literature review in chapter 2 (section 2.2) has demonstrated that the re-
search agendas of economists and geographers, regarding patenting activity, agglomeration
economies and research clustering, mainly consist of the following lines of research: (i) the
analysis of the spatial distribution of research activity and innovative capacities; (ii) the
identification and in-depth analysis of clusters; (iii) the analysis of the different types of
(R&D) knowledge spillovers and flows; (iv) the analysis of the spatial range of externali-
ties and flows; (v) the identification and analysis of informal networks between firms and
researchers; (vi) the analysis of researchers’ mobility in a spatial context; and (vii) the
identification and analysis of knowledge flows and externalities in formal R&D networks.
Accordingly, the research lines can be divided into several dimensions: an “industrial”
and “technological” dimension; a “geographic” dimension; a “socio-cultural” dimension
and a “cognitive” dimension. The existing research lines represent combinations of these
dimensions. Therefore, the empirical review summarized the main research results regard-
ing these different approaches in the European context and discussed their advantages,
disadvantages, major shortcomings and technical issues.

In reviewing studies relating to the distribution of research and patenting activity (section
2.2.2), the empirical review confirmed the lack of a pan-European empirical study on the
spatial distribution of research and patenting activity. Empirical studies on the distri-
bution and clustering of research and patenting activity have, unfortunately, occupied a
rather minor position on research agendas. Most cross-country studies and national and
regional studies focused on regional employment, GVA and production structures. Fur-
thermore, most studies have directly challenged the effects and economic consequences of
clustering and industry agglomeration with regard to employment, production and growth,
but not the distribution itself. Accordingly, the trans-regional structures and dynamics of
clustering remained unexplored in most studies, especially the global distribution and core-
periphery structures of knowledge-intensive tasks, i.e. research and patenting activity. A
comprehensive, harmonized and quantitative pan-European study, which analyzes the dis-
tribution of patenting activity over a large (nearly complete) number of technology field
aggregates and all 819 European regions, and which covers the 1980s, 1990s and 2000s,
did not previously exist to the author’s knowledge. Moreover, the empirical literature was
missing a harmonized, technology field-specific, quantitative research cluster study, which
is built upon a balanced spatial classification system, and which identifies European re-
search clusters in the entire population of 819 regions. Regarding the last three decades,
it was rather unclear whether or not the whole population of the European regions in
question was determined by a decrease, increase or a lack of change in the regional dispar-
ities in technology field-specific patenting activity and clustering. Therefore, chapter 3 in
this study examined the distributional characteristics of patenting activity and identified
European research clustering.

The empirical review also showed that the regional knowledge production function repre-
sents a pivotal empirical approach which combines the industrial, geographic and techno-
logical dimensions of agglomeration economies and knowledge production (section 2.2.3).
Evidence regarding R&D spillovers and the relative ease of knowledge diffusion across
agents’ production functions and more aggregated spatial units is less ambiguous. The
majority of European KPF studies affirms the presence of positive regional spillovers of
R&D activity over up to 300-600 kilometers. The influence of neighboring regions’ R&D
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expenditures on other regions’ patenting output is significant and positive in most Euro-
pean studies, but the working channels of spillovers remain a “black box” and are highly
dependent on the implemented spatial classification system, i.e., the level of aggregation
(MAUP), and the spatial weight matrix for constructing lagged covariates. Moreover, the
empirical review also demonstrated that the differentiation between knowledge external-
ities and flows is extremely fuzzy in contemporary studies, as researchers use the terms
“flows,” “spillovers” and “externalities” interchangeably. Regarding this issue, the review
also summarized the criticisms relating to the knowledge production function approach.
The review essentially criticized the fatuous interpretation of significant spatial depen-
dence (i.e., significant lagged covariates) in knowledge production function estimations as
evidence for the presence of unintentional knowledge spillovers. From a methodological
point of view, spatial dependence of regional patenting activity can be considered to orig-
inate from fractional counting of patent data at the regional level. Accordingly, spatial
dependence could emerge as a by-product of meaningful co-patenting activities between
neighboring regions. This idea has been challenged empirically in chapter 4.

Another debate which appeared in the literature on clusters is related to the relationship
between local scale and industry specialization/diversity and its effects on regional produc-
tivity, innovative capacities and employment growth (section 2.2.4). Taking an “industrial”
perspective, Marshall-Arrow-Romer externalities and Jacobs externalities (localization and
urbanization economies respectively) are considered to affect intra-regional innovative ca-
pacities, employment growth and productivity gains. Regarding the innumerable quantity
of studies, both types of agglomeration economies, localization and urbanization, showed
positive coefficients as often as negative coefficients. Thus, it was argued that evidence on
the dominance of one specific externality is not extensive enough to be compelling, and
that studies have hit fairly rapidly decreasing returns. To conclude, regional studies on
districts, milieus and clusters generally explain the incentives, causes and effects of agglom-
eration on the basis of the aforementioned different agglomeration economies, regardless of
whether or not these effects are of an inter- or intra-industry type. Regarding this issue,
regional specialization and diversity was challenged empirically in this study through an
examination of technology field-specific research clusters across the 819 European regions
with regard to their regional typology. Differences regarding research clustering between
urban and rural regions were empirically challenged in chapter 3 (section 3.5).

With respect to the channels of knowledge transmission, it was demonstrated in the empir-
ical review that the patent citation approach (section 2.2.5) can be regarded as the answer
to elementary critiques regarding the existence and importance of knowledge spillovers.
This approach combines an industrial, technological and geographic dimension of knowl-
edge production and diffusion. Researchers have attempted to measure the existence and
strength of knowledge flows directly by using patent citation data. The reviewed patent
citation studies showed similar evidence, namely that knowledge, in terms of patents and
their cited-citing ratio, is highly concentrated in space. Moreover, spatial distance exhibits
negative effects on knowledge spillovers, although the negative effects of national borders
seem to have vanished. However, the review also revealed problems and technical issues.
It was demonstrated that inter-regional citation studies in most cases applied the stan-
dard NUTS classification, which generally leads to a severe bias in citation networks. This
is a crucial concern, as the underlying spatial classification system is generally biased in
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terms of the absolute size of the regions. Furthermore, the citation approach ignores the
major fraction of knowledge that is frequently transmitted via the market process and
within intra- and inter-regional co-patenting networks. Moreover, the citation approach
is problematic, because it is not clear whether or not knowledge spillovers, by means of
documented patent citations, have really been realized. Almost 90% of all citations are
traced by patent examiners, which raises severe doubts regarding the realized knowledge
transmission between researchers. Due to the methodological disadvantages, drawbacks
and technical issues discussed above, the patent citation approach was not applied in this
study and a co-inventor network analysis was conducted instead (see chapter 4).

Regarding inter-regional linkages and networks, knowledge-intensive industries in clusters
and regions are said to increasingly benefit from formal and informal network linkages
between researchers. It was argued in section 2.2.6 that (informal) social network ties
between researchers and their (former) colleagues are considered to be essential channels
for tacit knowledge transmission. Spatial and social proximity both simplify the creation
and extension of networks through which knowledge is transmitted. Therefore, empiri-
cal studies started to interpret and analyze cities and regions as interlinked places in a
“space of flows.” It is generally argued in the literature that tacit knowledge is mainly
transmitted within networks, and that knowledge transmission at a proximate distance is
highly dependent on the existence of localized networks between individuals. Accordingly,
the review demonstrated that recent studies on social networks, inventor mobility, innova-
tive milieus and epistemic communities place a special emphasis on the micro-foundations
of knowledge transmission and the capacity of agents (and regions) to absorb appropri-
ate tacit knowledge. Recent studies argued that regions are hosting technology-specific
epistemic communities, which differ in terms of their group-specific technological special-
ization but also in their formal and informal institutions (e.g., skills, language, codifiability
of knowledge, trust, norms) and diaspora. Accordingly, researchers have argued that the
assumption that knowledge is a public good is a conscious exaggeration in growth models
from the 1980s and 1990s, as knowledge is only partially non-rival and non-excludable (e.g.,
varying codifiability, property rights). Finally, the review summarized recent studies on
social networks and researcher mobility, which confirmed the existence of highly localized
researchers, and which indicated that (implicit) knowledge transmission is localized to the
extent that networks are localized. A comprehensive analysis of social inventor networks
in Europe is, however, limited due to severe data constraints regarding micro data on
researchers’ mobility.

In a final step, the analysis of inter-regional co-patenting networks was identified as the
promising line of research in a pan-European context (section 2.2.7). In contrast to cita-
tion analysis, co-patenting studies make direct use of information on research collaborations
between agents and regions. The linkages between regions can be directly interpreted as
knowledge flows between agents (and regions). The empirical literature survey reviewed
co-patenting and co-inventor studies, which are generally used in order to analyze the struc-
tures and dynamics of R&D collaboration activities in a regional and firm-level context.
Firms, clusters and regions are considered to be increasingly benefiting from inflows of
external forefront knowledge via network linkages to innovative neighborhoods, to global
knowledge hot spots and centers of research excellence. The inflow of forefront knowledge
is considered to depend increasingly upon long-distance research linkages between clusters
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and regions, but also on network transaction linkages at a proximate distance, i.e. within
larger spatial aggregates (see chapter 2, sections 2.1.7.3 and 2.1.7.4). As inter-regional
formal research collaboration networks are considered to enforce regional innovative ca-
pacities, knowledge transmission, cluster connectedness and regional interdependence, the
analysis in chapter 4 placed special emphasis on co-patenting linkages. In conclusion, the
review of co-patenting studies showed that there is still a relatively small body of studies
on European inter-regional co-patenting activity. The review depicted the severe lack of a
pan-European study on technology field-specific inter-regional co-patenting linkages.

To conclude, the review of the different strands of empirical studies on research clustering,
research networks and regional disparities identified severe research gaps in a pan-European
context. These gaps were challenged in chapters 3, 4 and 5.

6.2. Research Clustering in Europe

In chapter 3, the empirical analysis of the distribution of European regional research ac-
tivity proceeded in two steps. In section 3.4, global distributional statistics on research
activity across the entire population of the 819 regions in the ERA were presented. The
study placed a special emphasis on the regional distribution of EPO patent application
activity and EPO inventors since the 1980s in 51 technology field aggregates. Moreover, a
harmonized, multidimensional research clustering index was introduced and the co-location
of technology field-specific research clustering was explored in section 3.5. In addition to
global statistics on research clustering, the section offered a comprehensive list of the lead-
ing European research cluster regions for 50 technology field aggregates. The empirical
analysis of the distribution of patenting activity in Europe in chapter 3 was a first essential
objective of this study and aimed to sharpen the cognition and to enrich the understanding
of spatial structures, regional disparities and ongoing dynamics of research and patenting
activities in Europe.

In a first step, the empirical analysis in section 3.4 contributed empirical findings on the
structural dynamics of European inventorship activity in several ways. This analysis has to
be recognized as exemplifying a purely quantitative “top-down” approach in the regional
disparity and geographic concentration analysis tradition. The presented calculations are
based on data extractions from the OECD RegPAT (January 2009) patent database and
the OECD regional database. The implemented spatial classification covered 819 European
regions, i.e., the TL3 regions of the EU-25, Switzerland and Norway. From a technology
field point of view, the matching of IPC codes with 43 technology fields was accomplished
through the application of the ISI-SPRU-OST-concordance (Schmoch et al., 2003). In
addition, the spatial characteristics of 6 high-technology fields (EUROSTAT, 2009) and 2
larger technology field aggregates were included in the analysis. The empirical analysis of
regional disparity and the concentration of inventorship activity was enriched through the
calculation of standard descriptives, e.g., patent densities (patents per million population,
patents per square kilometer), kurtosis, skewness and percentiles of the distributions. The
study demonstrated that the 819 European regions are increasingly filing patent appli-
cations at the EPO, which has led to an increasing number of less developed European
regions with small numbers of EPO patent applications. Accordingly, the big picture is one
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of dispersion. In addition, revealed technological advantage (RTA) indices and Herfindahl-
Hirschman indices (HHI) were computed, with the latter being an alternative measure
of spatial concentration. Moreover, the analysis incorporated the computation of tech-
nology field-specific weighted Gini coefficients as population densities and areal surface
characteristics differ tremendously across the 819 European TL3 regions. In this respect,
the empirical analysis applied Gini computations at the regional level that explicitly ac-
counted for spatial heterogeneity of observations in terms of regional population and area
size. Furthermore, the analysis demonstrated that the distribution of EPO inventors (full
counting) represents an acceptable proxy for EPO patent applications (fractional count-
ing) across all technology fields. Several conclusions with regard to the technology fields
which were analyzed and their spatial characteristics could be drawn from the quantitative
analysis in section 3.4. First and foremost, the analysis identified highly skewed distri-
butions of patenting activity across all technology fields, although the technology fields
differ remarkably in terms of their development (dynamics) between the 1980s and 2000s.
The analysis demonstrated that the 51 technology fields (including two larger aggregates)
differed in terms of their geographic concentration across the 819 European TL3 regions.
Technology-specific EPO patent applications and EPO inventors are, by and large, simi-
larly concentrated across the 819 European regions. The average level of EPO patenting
and research activity has increased since the 1980s in almost all technology fields. Ac-
cordingly, geographic dispersion has increased in the majority of technology fields since
the 1980s. Nevertheless, even today, the majority of regions only account for small frac-
tions of EPO patent applications and EPO inventors. The absolute number of specialized
European regions (RTA > 1) has increased within the population of the 819 European
TL3 regions. However, a larger share of European regions are involved in EPO patenting
today compared to the 1980s and 1990s. Consequently, the share of specialized regions
(RTA > 1), within the group of European regions that have at least a minimum level of
patent application activity (n > 0) in a specific technology field, has decreased. Accord-
ingly, Europe is determined by a process of ongoing dispersion, and decreasing relative
concentration and specialization. High-technology fields show, on average, higher levels
of regional disparity and thus geographic concentration compared to less R&D-intensive
technology fields. Several high-technology fields are characterized by strong dispersion
tendencies, e.g., HT5 Communication technology, HT4 Semiconductors, HT2 Computer &
office machines, whereas patenting activity in HT1 Aviation and HT3 Laser remains rela-
tively localized in a few European regions. Regarding weighted global disparity measures,
and depending on the technology field under analysis, the computed locational Gini coeffi-
cients revealed more significant changes than their spatial alternatives. Regional disparity
in terms of the spatial Gini was extraordinarily high in the 1980s. Both weighted Gini
alternatives revealed a remarkable decline in spatial disparities in almost all technology
fields. Nevertheless, it was demonstrated that the overall decline in regional disparities
within the group of all 819 regions was accompanied by an increase in regional disparities
within a small number of European member states. To conclude, the overall picture in a
pan-European context is one of dispersion, which corresponds to the targets of the ERA.

In a second step, the cluster analysis in section 3.5 placed the emphasis on the identification
and analysis of the spatial distribution of research clusters in the EU-25, Switzerland and
Norway, i.e., the ERA. The empirical analysis of regional research clustering focused on
50 technology field aggregates, 819 TL3 regions and the periods 1990-1994 and 2000-2004.
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A major contribution made by this analysis was the development of a multidimensional
composite index at the regional level, the so-called “research cluster index” (RCI), which
combined several coefficients relating to EPO patent applications, EPO inventors, regional
population, areal size and research density. Based upon the computed RCI for each of
the 819 European regions for all technology fields, the cluster analysis demonstrated that
the majority of research clusters are located in leading European countries of the EU-15
and their core regions, predominantly in Germany, France, the Netherlands, Italy, the
United Kingdom and Switzerland. The analysis also worked out that only a few EU-15
and Swiss regions exhibit high RCI values and that the 10 NMS still show weak research
clustering. Furthermore, a list of the leading TOP20 European research cluster regions
was reported, which gave support to the picture of skewed distributions relating to strong
research clusters. Moreover, the RCI calculations demonstrated statistical evidence for
co-agglomeration of patenting activity in a small number of leading locations.

Regarding regional specialization and diversity, the empirical analysis challenged the ques-
tion of whether or not urban and metropolitan regions show, on average, more diversified
research clustering structures compared to their rural counterparts. The cluster analysis
unveiled that metropolitan areas and urban and capital regions exhibit a remarkably diver-
sified research clustering structure compared to rural and intermediate regions. The anal-
ysis also identified persistent “north-south” and “east-west” gradients of strong research
clustering, which is very similar to the results which were found with regard to regional
growth and convergence (see chapter 5). It can be concluded from the cluster analysis that
research clustering and diversified technology structures in the ERA are mainly restricted
to capital regions and urban and metropolitan regions in the EU-15. Moreover, the anal-
ysis showed that rural regions are defined by a more specialized technology structure, as
clustering (i.e., RCI > 16) can be only observed in a small number of technology fields
(a few rural regions are exceptions). Thus, it is rather impossible to find technologically
diversified research clusters in rural European regions, which represents a pivotal fact of
the geography of innovation for policy programs. Furthermore, the analysis of research
clustering at the regional level indicated that technological diversity in research activity
can be found first and foremost in European capital regions, metro regions and their closest
urban neighborhoods, e.g., Paris, London, Vienna, Berlin, Copenhagen, Stockholm, Nord-
Holland, Bern, Oslo, Dublin, Budapest, Rome and Prague, which supports the theory of
an urban hierarchy and distributional regularity of economic activity as has been proposed
in urban economics (Duranton and Puga, 2001; Capello, 2007; Henderson, 2010). Regard-
ing the former CEE-10 countries, several capital regions still showed only weak clustering
in the 2000s, e.g., Budapest, Warsaw, Bratislava and Vilnius; moreover, a similar picture
was presented for several EU-15 capital regions in Southern Europe, e.g., Athens, Cyprus
(city), Malta (city). In southern European countries and the NMS, only Madrid, Rome,
Lisbon and Riga show meaningful RCI values, but only in a small number of technology
fields. Accordingly, the “east-west” and “north-south” gradients are still present in Europe,
although meaningful dispersion across the hundreds of regions can be observed, especially
since the 1990s. To conclude, the measure of research clustering for all 819 European TL3
regions across a comprehensive number of technology fields and its combination with the
regional typology generated rich information on the “specialization-diversity” debate, al-
though the analysis was restricted to a quantitative identification of co-agglomeration of
clusters.
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A clear shortcoming of the applied empirical approaches in sections 3.4 and 3.5 is their sole
focus on quantitative measures and patent statistics. Unfortunately, all research activities
which are not registered (and identified) via patent applications are completely ignored
in the global disparity measures (section 3.4) and the research cluster analysis (section
3.5). Furthermore, the analysis completely ignored industry clustering (i.e., clustering
of industry production, services and employment) due to its sole focus on the outcome
of knowledge-intensive tasks. Moreover, pivotal aspects of clustering and the innovation
process were completely excluded from the analyses, e.g., place-specific factors, history,
regional institutions, regional policy. However, these shortcomings notwithstanding, the
application of patent statistics represents the only possible way to construct a comprehen-
sive quantitative pan-European measure with regard to hundreds of European regions. An
alternative approach would have been to conduct more than 800 harmonized regional case
studies, which was clearly beyond the scope of this study.

6.3. Inter-Regional Co-Patenting Linkages in Europe

Chapter 4 contributed to the research on relational patent statistics in several ways. In
addition to spatial statistics on the geographical interdependence of research activity in
Europe, the study provided specific empirical results relating to co-patenting activity in
Europe. According to the empirical literature survey, and to the best of the author’s knowl-
edge, the empirical literature at the time of this study was missing a comprehensive study
of the structures and dynamics of inter-regional co-patenting networks between the 819
European TL3 regions for a meaningful number of technology fields. Regarding this deficit
in empirical studies, this study examined the structures and dynamics of inter-regional
co-inventor networks and research collaborations between European regions (chapter 4).
Special emphasis was placed on the structural development of inter-regional co-patenting
linkages within larger TL2 regions, between larger TL2 regions but within national borders
and inter-regional linkages between European countries. The results are the following:

In the first part of the chapter, section 4.2 offered statistical results regarding the existence
and strength of spatial autocorrelation of patent densities by technology field at the re-
gional level. It was demonstrated that the majority of technology fields are characterized
by positive spatial autocorrelation for spatial distances up to 300-600 kilometers at the TL3
level, meaning that fractionally counted patent statistics exhibit spatial interdependence.
The results confirmed the presence of strong spatial autocorrelation between neighboring
regions, although the origin of spatial interdependence remained a “black box.” Therefore,
chapter 4 also introduced a complementary approach with which to address the issue of
regional interdependence. The significance of spatial autocorrelation in patent statistics
was challenged by explicitly taking into account the inter-regional “connectedness” of Eu-
ropean regions and the presence of inter-regional research collaborations at a proximate
distance between European regions, i.e., co-patenting activity. Accordingly, the empiri-
cal analyses in sections 4.3.4 and 4.3.5 aimed to directly address the existence of positive
spatial autocorrelation in (fractionally counted) patent statistics at the regional level.

The second part of chapter 4 offered a descriptive analysis of European co-patenting activity
with foreign co-inventors at the national level. Section 4.3.4 picked up recent debates on
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the internationalization of R&D, the emergence of international research collaborations and
the integration of European countries into an expanding ERA. The empirical results of the
cross-country co-patenting analysis pointed to meaningful tendencies towards an increase
in international and European research collaborations (in terms of numbers and shares of
co-patents with foreign co-inventors) since the 1990s, especially in the second half of the
1990s and the 2000s. That being the case, the average share of EPO patents with foreign
co-inventors has increased considerably since the 1980s. It was demonstrated in the first
part of the analysis that the group of co-patenting countries, in absolute (and relative)
terms, is still predominantly dominated by a few countries, e.g., Germany, Switzerland,
Belgium, the Netherlands, the United Kingdom, Sweden, Austria and Italy. The NMS
are still determined by a very low level of co-patenting; however, co-patenting activity has
increased in terms of absolute numbers and shares. Accordingly, the NMS have experienced
a remarkable increase in EPO co-patenting activity with foreign European co-inventors,
especially the Czech Republic, Hungary, Poland, Slovenia, the Slovak Republic and Latvia.
Moreover, it was demonstrated that the European integration process, with regard to
foreign co-patenting activity and R&D collaborations, gained momentum in the second
half of the 1990s. Nevertheless, it has already been argued in the empirical review that
national studies suffer from severe methodological drawbacks and that cross-country studies
have also reached decreasing returns.

The third part, sections 4.3.5 and 4.3.6, offered a calculation of inter-regional linkages and
global and local network statistics relating to inter-regional co-patenting activity. Empir-
ical findings on European co-patenting network structures, geographical coincidence/co-
location of networks and the centrality characteristics of technology-specific networks were
presented in these sections. From a methodological perspective, it has been argued that
research activity (i.e., EPO patent applications) generally leaves a paper trail in the form
of patent documents, which can be examined when developing relational patent data.

Co-patenting linkages have been extracted for a comprehensive number of technology fields
since 1980. In a following step, inter-regional networks were constructed from the extracted
linkages, and global and local network statistics were computed which cover the entire pop-
ulation of the 819 European TL3 regions (EU-25, Switzerland and Norway). The reported
global co-patenting statistics for each technology field cover: (i) the overall number and
shares of interconnected regions; (ii) the number and shares of unique and overall inter-
regional co-patenting linkages; (iii) the number and shares of inter- and intra-national
linkages between regions. For the purpose of comparison, the study also incorporated ad-
ditional calculations and analyses of the technology-specific inter-regional TL3 linkages that
occur within and between larger European TL2 regions. The calculation and comparison
of network linkages and nodes made it possible to depict potential distance decay effects
and to combine the geographic and technological dimension of European inter-regional
co-patenting activity. Furthermore, the analysis revealed structural changes in research
co-operations and knowledge flows between the 1990s and 2000s.

The co-patenting study offered statistical evidence for the presence of highly localized Eu-
ropean co-inventorship networks in almost all 43 technology fields. Although the networks
are complex and heterogenous, a strong sense of localized connectedness between neighbor-
ing regions (TL3 and TL2 regions) in the form of inter-regional patenting activity could be
identified. The majority of European co-patenting activity seems to happen at a proximate
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distance and has an intra-regional nature, meaning that a large fraction of research col-
laborations take place via inter-regional TL3 linkages within the administrative borders of
larger TL2 regions. In addition, the results of this study confirm that approximately 90%
of all European inter-regional co-patenting linkages occur between actors or organizations
within the same country, which underlines the local nature of co-inventor activity. Even in
the 2000s, a strong concentration of inter-regional research co-operations could be observed
within the national borders of the respective European member states, although the overall
share of these linkages has decreased in almost all technology fields. At the same time, in-
ternational co-patenting linkages, i.e., inter-regional TL3 linkages between (TL1) countries,
have increased in absolute numbers and shares. Moreover, the computations also covered
the numbers and shares of unique inter-regional linkages. These unique linkages have ex-
panded in absolute numbers in almost every technology field between the 1990s and 2000s.
The analysis of the spatial range of inter-regional linkages within the two periods unveiled a
significant structural change in European co-patenting activity. The calculations presented
in this study provide some evidence that international linkages have increasingly replaced
intra-national ones. The technology-specific shares of inter-regional-TL3 linkages between
larger TL2 regions within the same country (inter-TL2 within country) have decreased,
whereas the shares of inter-regional-TL3 linkages within larger TL2 regions (intra-TL2
within country) increased between the 1990s and 2000s. Furthermore, the shares of inter-
regional linkages between countries have increased considerably between the 1990s and
2000s (inter-TL1/between country). Accordingly, the pan-European co-patenting analy-
sis identified remarkable core-periphery structures but also meaningful structural changes
with regard to long-distance research collaborations as reflected by co-patenting linkages.
The presented results point to an ongoing dispersion of research collaborations and growth
of the ERA.

Moreover, similar to the national co-patenting results (section 4.3.4), the performed re-
gional analysis pointed to the presence of a European integration process of the NMS with
regard to research collaboration activities at the level of the TL3 and TL2 regions. A
deeper analysis of the extracted co-patenting linkages offered additional evidence regard-
ing the presence of an ongoing integration of NMS regions into technology field-specific
pan-European regional co-patenting networks. The numbers and shares of inter-regional
linkages between the EU-15 group and the NMS group were calculated for the 1990s and
2000s. It is obvious from the presented tables and figures that the eastern part of Eu-
rope is being increasingly integrated into knowledge-intensive activities, as reflected by the
numbers and shares of international co-patenting linkages between the EU-15 and NMS
regions. Furthermore, the empirical analysis offered a comparison of the network struc-
tures of the 1990s and 2000s, using both global network statistics and network graphs for
selected technology fields. The computed network graphs revealed considerable increases
in the number of interconnected NMS regions, although the technology fields differed enor-
mously in their spatial structure and overall dispersion. To sum up, the NMS regions,
especially the urban, capital and metropolitan regions, have mostly been integrated into
pan-European research networks, although these regions are only incorporated into a few
technology fields. Regarding the aforementioned points, this study also provided local net-
work statistics that are related to the individual position of regions in order to identify
“hub-and-spoke network structures” and to explore the network centrality and connected-
ness of European regions by technology field. In this respect, some empirical evidence was
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reported which indicated that European regions differ in terms of their technology field-
specific network centrality. The results confirmed that a few European regions dominate
the European technology field-specific co-patenting networks due to their central position,
which represents a crucial matter of fact for European regional policy and the European
innovation system as a whole. Although co-patenting networks are generally increasing in
the number of regions, the ERA is still dominated by a small group of leading research
centers in the core regions of the EU-15. Nevertheless, the integration of NMS regions into
inter-regional and international networks seems to have gained momentum since the 1990s,
which has to be perceived by innovation policy at different spatial levels.

Finally, the analysis in chapter 4 provided preliminary results regarding the spatial coin-
cidence/ co-location of co-patenting networks in regions (section 4.3.6). According to the
presented results, technology-specific co-patenting networks seem to co-locate in a small
number of European regions, which supports the hypothesis of technological diversification
of co-inventorship activity in European regions (especially in capital regions and urban
and metro regions). The TOP20 regions are in most cases the same TL3 regions across all
analyzed technology fields, indicating that these regions are central nodes in different tech-
nology fields. The results obtained are complementary to the ones of the research clustering
study (see chapter 3, section 3.5) and highlight a degree of regularity with regard to central-
ity. For a more detailed analysis of geographic coincidence and co-location, the computed
network centrality indices were ranked at the TL2 level and Spearman rank correlation co-
efficients were calculated for all 43 technology fields. Regarding the obtained coefficients,
it has been argued that the rankings of network centrality are similar across the technology
fields, meaning that several European technology-specific co-patenting networks co-locate
predominantly in the same European regions (i.e., urban areas, metropolises and capital
regions), which confirms the hypotheses that (i) European regions are indeed “multi-field”
research network nodes and (ii) that co-patenting activities are subject to certain spatial
(urban) hierarchies and regularities.

To conclude, co-inventorship activity is increasingly inter-regional and border-crossing,
meaning that policy makers have to realize the increasing connectedness and embedded-
ness of regions. It can be argued that the official statistics should pay much more attention
to the relational aspect of patenting activity. Fractional counting of patent data represents
an established method of analysis, but it is still possible for meaningful information to
be lost. The results highlighted that patterns of inter-regional knowledge exchange and
embeddedness differ tremendously across European regions. Regarding supra-national,
national and regional innovation policy, policymakers have to take into account both the
increasing inter-regional embeddedness of regions into networks and local innovation ac-
tivities before starting any relevant policy action. Existing regional disparities and the
increasing integration of regions into networks also demonstrate that best-practice inno-
vation policies are hard to observe and cannot be implemented in different places without
significant modifications. Policy programs and institutional changes could be regarded as
a useful instrument when they increase the freedom of inter-regional research co-operation
between different research locations. Nevertheless, the inter-regional European networks
need additional research and the presented results have to be challenged by alternative
methodologies (e.g., estimation of gravity models).
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6.4. Regional Growth and Income Disparities in Europe

Finally, the study placed emphasis on regional growth, regional income disparities and
core-periphery structures across European regions in chapter 5. Regarding regional growth,
convergence and divergence in the European context, it remained an open question as to
whether or not research activity (i.e., high-technology and non-high-technology research
and patenting activity) and regional typologies (i.e., urban, rural, metro region) are posi-
tively related to regional GDP per capita growth at the TL3 level. Chapter 5 approached
these deficits in two steps. Section 5.3 analyzed the development of regional income dis-
parities and section 5.4 provided regional growth regressions at the TL3 level.

In the first part of the chapter (section 5.3), the study applied a measure of global income
inequality, which clearly demonstrated that European countries exhibit different dynam-
ics with regard to their within-country income disparities at the TL3 level. The analysis
depicted different distributional patterns and revealed that not all countries are following
the classical inverted U-shaped relationship proposed by Kuznets (1955) and Williamson
(1965). The Kuznets curve is based upon the hypothesis that economic inequality in-
creases while a country is developing, and then, after a certain average income is attained,
inequality is said to decrease (Capello, 2007; Szörfi, 2007). The results do not support the
presence of such an inverted U-shaped relationship for all European countries, but it is
possible that the period of analysis was not long enough, as the inequality decomposition
analysis only covered 12 years. This is a clear shortcoming of this study, which is, how-
ever, based on severe data constraints at the TL3 level stemming from EUROSTAT and
the OECD (Combes and Overman, 2004). Nevertheless, the regional income inequality
analysis revealed the following developments: (i) a decrease in inequality in Austria and
Italy; (ii) a general increase in income inequality in Switzerland, the Czech Republic, Den-
mark, Estonia, Greece, Hungary, Ireland, Lithuania, the Netherlands, Portugal, Slovenia,
Slovakia and the United Kingdom; and (iii) an inverted U-shaped trend in income inequal-
ity in Belgium, Germany, Spain, Finland, France and Sweden. That being the case, and
based upon the global inequality analysis, it was argued that there is a general decreasing
trend in regional disparities across the 819 European regions, whereas European countries
revealed differing within-country disparities. However, it was also demonstrated that the
decrease in global income disparities is mainly based upon decreasing between-country in-
come disparities. A salient feature of the European regional growth process was elaborated
on from the statistical decomposition of overall regional income disparities. Regarding the
origins of inequality, it was useful to deconstruct global income disparities into between-
and within-subgroup income disparities. In addition to the fact that overall income dispar-
ities have decreased across the entire population of the 819 European regions, the empirical
analysis illustrated that the share of between-subgroup income disparities has decreased
by approximately 15% since the year 1995. At the same time, within-subgroup income
disparities have (relatively speaking) increased, meaning that several European countries
experienced significant increases in their intra-national regional income disparities. It has
been demonstrated that the EU-15 group is determined by a very similar overall trend of
decreasing disparities compared to the entire population of the 819 regions, i.e., a mean-
ingful decrease in overall inequality since 1995. Between-subgroup income disparity has
decreased in a similar way to within-subgroup inequality. Moreover, it has been shown
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that between-subgroup inequality in the EU-15 today is at a very low level compared
to within-subgroup inequality. With regard to the NMS, the inequality analysis clearly
showed that the decrease in between-subgroup income disparities could not compensate
for the observed increase in within-subgroup income disparities, which led to an overall
increase in income disparities in the NMS. Therefore, it can be concluded that the group
of NMS regions is determined by a strong asymmetric growth process, characterized by
emerging core-periphery structures, and by exorbitantly positive GDP per capita growth
rates in the capital and metropolitan regions, which supports the “growth poles picture”
which was expanded upon by Williamson (1965).

Nevertheless, a severe shortcoming of the European income disparity study is the unavail-
ability of longer time series, i.e., for the 1960s, 1970s and 1980s at the TL3 level. Criticisms
made by other researchers regarding this issue have already been presented within the em-
pirical review. Future studies may have the advantage of identifying and de-constructing
regional disparities relating to additional economic indicators, i.e., GVA by industry, em-
ployment data at the 2-3 digit level and productivity statistics by industry. Generally, the
official statistics of the EU need a superior harmonization, an improved data coverage and
a stable provision of longer time series. Regarding the latter aspect, frequent changes in
the spatial classification system (NUTS) are cumbersome.

In the second part of chapter 5, the regional inequality analysis was complemented by
regional growth regressions (section 5.4). For the purpose of contributing to the conver-
gence/divergence debate, this study analyzed a broad range of factors rather than specific
growth determinants. Nevertheless, the empirical findings can be considered to contribute
to a more realistic assessment of the process of regional development and to contribute
with results relating to regional settlement typologies and regional growth. The results of
the very general regression models therefore seem to support but also to extend existing
regional studies. Unfortunately, due to the restricted set of covariates at the TL3 level, it
was impossible to determine whether and to what extent the significant decrease in income
disparities and regional convergence in the EU-15 was the result of neoclassical convergence
accompanied by capital deepening and factor mobility, or whether it was a result of decreas-
ing transaction costs in a new economic geography tradition, or based upon technological
convergence via knowledge diffusion, technology transfer, or the result of disparity-reducing
and gap-closing European regional cohesion policy. This aspect represents a serious short-
coming of the analysis which was performed. However, the methodological design could
not be extended because of severe constraints regarding regional European data.

In line with several existing studies that have been conducted at a higher spatial level,
the reduction of income disparities since the 1990s is assumed to originate predominantly
from income convergence between EU-15 countries at the national level, but not between
regions within nation states. Within-subgroup disparities are either constant or increasing.
Although there is significant variation at the regional level, national characteristics (e.g.,
institutions, national networks, infrastructures and nation-specific macro-economic condi-
tions in general) seem to determine the growth path of nations and their regions, as spatial
dependence was not an issue when country dummy variables and a regional typology were
implemented.
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With regard to the regional typology (i.e., the settlement structure), metropolitan regions,
urban regions and capital regions generally showed higher GDP per capita growth rates
compared to rural and intermediate regions. Regarding the growth process in the NMS,
capital regions have improved their position in the upper end of the regional income distri-
bution. Unfortunately, the reasons for higher growth rates in urban areas and metropolitan
and capital regions could not be determined or explored, as potential transmission channels
were not explicitly modeled due to constraints regarding the data. Nevertheless, the imple-
mented regional typology introduced a control for differences in the regional characteristics
into the regression setup, e.g., urbanization, population size, infrastructure. The typology
is thus regarded as to control in some way for the level of urbanization and thus agglomera-
tion. Accordingly, the dummy variables for the regional typology may reflect agglomeration
economies of an unknown type. Although countries have been generally converging since
the 1990s, several factors have affected the average GDP per capita growth rate. The regres-
sions confirmed that both the settlement structure and the regional knowledge/technology
base are significant and positive, meaning that urban areas exhibit higher growth rates
and that research (patenting) activity is positively related to regional growth. However,
the reasons for the significance of the regional typology, i.e., urban regions, metro regions,
capital regions, remain unclear. The significance may originate from MAR externalities
and/or Jacobs externalities, from intra-regional R&D externalities in knowledge-intensive
industries, or from static localization and/or urbanization effects (labor pooling, division
of labor). We simply do not know as the regressions did not control for these channels
due to severe data constraints. Nevertheless, the study clearly demonstrated that the re-
gional typology and data on regional patenting activity implement meaningful additional
information into regional growth regressions.

The presented shortcomings can be regarded as a crucial starting point for future research.
Data coverage and harmonization are major problems regarding European regional stud-
ies. It is desirable that the harmonization and expansion of European regional data will
proceed.

Finally, this study comes to the conclusion that place still matters a lot in the 21st cen-
tury.
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Fig. A.1. EPO Patent Applications: Share by Region and Quantile
Source: own calculations and illustration. Notes: Shapefile generation and polygon projection with ArcGIS
9.3.1. environment.
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Fig. A.2. High-tech EPO Patent Applications: Share by Region and Quantile
Source: own calculations and illustration. Notes: Shapefile generation and polygon projection with ArcGIS
9.3.1. environment.
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Fig. A.3. Aviation Technology: EPO Patent Application Density by Region
Source: own calculations and illustration. Notes: Shapefile generation and polygon projection with ArcGIS
9.3.1. environment.
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Fig. A.4. Computer & Office Machines: EPO Patent Application Density by Region
Source: own calculations and illustration. Notes: Shapefile generation and polygon projection with ArcGIS
9.3.1. environment.
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EPO high-tech patent applications
Communication (tot.nb.) 1990-1991

0,000000 - 2,290243

2,290244 - 8,487903

8,487904 - 19,041895

19,041896 - 41,372710

41,372711 - 90,786842

(a) Patent Density in Communication Technology by Region 1990-1991
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(b) Patent Density in Communication Technology by Region 2003-2004

Fig. A.5. Communication Technology: EPO Patent Application Density by Region
Source: own calculations and illustration. Notes: Shapefile generation and polygon projection with ArcGIS
9.3.1. environment.
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(a) Patent Density in Microorgan. & Genetics by Region 1990-1991
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Fig. A.6. Microorgan. & Genetics: EPO Patent Application Density by Region
Source: own calculations and illustration. Notes: Shapefile generation and polygon projection with ArcGIS
9.3.1. environment.
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Fig. A.7. Laser Technology: EPO Patent Application Density by Region
Source: own calculations and illustration. Notes: Shapefile generation and polygon projection with ArcGIS
9.3.1. environment.
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Fig. A.8. Semiconductors: EPO Patent Application Density by Region
Source: own calculations and illustration. Notes: Shapefile generation and polygon projection with ArcGIS
9.3.1. environment.
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Fig. A.10. Share of European regions with n>9 inventor IDs by TF
Source: own calculations and illustration. Notes: Full counting, 1977-2004; the population covers 819
European TL3 regions. Patent data generated by mySQL OECD RegPAT (2009) extractions and applica-
tion of ISI-SPRU-OST concordance. TL3 population data constructed from EUROSTAT REGIO, OECD,
ESPON and BBR data. For Belgium, Greece and the Netherlands, OECD TL3 correspond to EUROSTAT
NUTS2. For Germany, 97 “Raumordnungsregionen” are used (OECD, 2003).
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Fig. A.11. Share of European regions w/ RTA>1 of regions w/ n>0 patent applications
Source: own calculations and illustration. Notes: Calculations by technology field for period 1988-2004;
the population covers 819 European TL3 regions. Patent data generated by mySQL OECD RegPAT
(2009) extractions and application of ISI-SPRU-OST concordance. TL3 population data constructed from
EUROSTAT REGIO, OECD, ESPON and BBR data. For Belgium, Greece and the Netherlands, OECD
TL3 correspond to EUROSTAT NUTS2. For Germany, 97 “Raumordnungsregionen” are used (OECD,
2003).
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RCI>1 (1990-1994) 7 regions w/o cluster (11,1%) 

(a) Capital regions with RCI>1, 1990-1994
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RCI>1 (2000-2004) 5 regions w/o cluster (7,9%) 

(b) Capital regions with RCI>1, 2000-2004
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1<RCI<16 (1990-1994) 10 regions w/o cluster (15,9%) 

(c) Capital regions with 1<RCI≤16, 1990-1994
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1<RCI<16 (2000-2004) 7 regions w/o cluster (11,1%) 

(d) Capital regions with 1<RCI≤16, 2000-2004
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16<RCI<81 (1990-1994) 17 regions w/o cluster (26,9%) 

(e) Capital regions with 16<RCI≤81, 1990-1994
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16<RCI<81 (2000-2004) 14 regions w/o cluster (22,2%) 

(f) Capital regions with 16<RCI<81, 2000-2004
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RCI>81 (1990-1994) 16 regions w/o cluster (25,4%) 

(g) Capital regions with RCI>81, 1990-1994
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RCI>81 (2000-2004) 15 regions w/o cluster (23,8%) 

(h) Capital regions with RCI>81, 2000-2004

Fig. A.32. Technological diversity, co-agglomeration and clustering in capital regions
Source: own calculations and illustration. Notes: Ranking of regions by cumulated number of technology
field-specific clusters with RCI > 1, 1 < RCI ≤ 16, 16 < RCI ≤ 81 and RCI > 81 by region and region
type. Each of the 819 European regions can host up to 50 research clusters. Extraction from RegPAT
(January 2009); regional typology adapted from OECD (2010) and EUROSTAT (2009).
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RCI>1 (1990-1994) 49 regions w/o cluster (14,8%) 

(a) Metro regions with RCI>1, 1990-1994
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RCI>1 (2000-2004) 32 regions w/o cluster (9,7%) 

(b) Metro regions with RCI>1, 2000-2004
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1<RCI<16 (1990-1994) 56 regions w/o cluster (16,9%) 

(c) Metro regions with 1<RCI≤16, 1990-1994
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(d) Metro regions with 1<RCI≤16, 2000-2004
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16<RCI<81 (1990-1994) 101 regions w/o cluster (30,6%) 

(e) Metro regions with 16<RCI≤81, 1990-1994
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16<RCI<81 (2000-2004) 69 regions w/o cluster (20,9%) 

(f) Metro regions with 16<RCI≤81, 2000-2004
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(g) Metro regions with RCI>81, 1990-1994
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(h) Metro regions with RCI>81, 2000-2004

Fig. A.33. Technological diversity, co-agglomeration and clustering in metro regions
Source: own calculations and illustration. Notes: Ranking of regions by cumulated number of technology
field-specific clusters with RCI > 1, 1 < RCI ≤ 16, 16 < RCI ≤ 81 and RCI > 81 by region and region
type. Each of the 819 European regions can host up to 50 research clusters. Extraction from RegPAT
(January 2009); regional typology adapted from OECD (2010) and EUROSTAT (2009).
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RCI>1 (1990-1994) 18 regions w/o cluster (7,8%) 

(a) Urban regions with RCI>1, 1990-1994
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(b) Urban regions with RCI>1, 2000-2004
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1<RCI<16 (1990-1994) 27 regions w/o cluster (11,7%) 

(c) Urban regions with 1<RCI≤16, 1990-1994
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1<RCI<16 (2000-2004) 18 regions w/o cluster (7,8%) 

(d) Urban regions with 1<RCI≤16, 2000-2004
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(e) Urban regions with 16<RCI≤81, 1990-1994
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(f) Urban regions with 16<RCI≤81, 2000-2004
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(g) Urban regions with RCI>81, 1990-1994
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(h) Urban regions with RCI>81, 2000-2004

Fig. A.34. Technological diversity, co-agglomeration and clustering in urban regions
Source: own calculations and illustration. Notes: Ranking of regions by cumulated number of technology
field-specific clusters with RCI > 1, 1 < RCI ≤ 16, 16 < RCI ≤ 81 and RCI > 81 by region and region
type. Each of the 819 European regions can host up to 50 research clusters. Extraction from RegPAT
(January 2009); regional typology adapted from OECD (2010) and EUROSTAT (2009).
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RCI>1 (1990-1994) 74 regions w/o cluster (24,7%) 

(a) Intermediate regions with RCI>1, 1990-1994
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(b) Intermediate regions with RCI>1, 2000-2004
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(c) Intermediate regions with 1<RCI≤16, 1990-1994
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(d) Intermediate regions with 1<RCI≤16, 2000-2004
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(e) Intermediate regions with 16<RCI≤81,
1990-1994
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(f) Intermediate regions with 16<RCI≤81,
2000-2004
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(g) Intermediate regions with RCI>81, 1990-1994
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(h) Intermediate regions with RCI>81, 2000-2004

Fig. A.35. Technological diversity, co-agglomeration and clustering in intermediate regions
Source: own calculations and illustration. Notes: Ranking of regions by cumulated number of technology
field-specific clusters with RCI > 1, 1 < RCI ≤ 16, 16 < RCI ≤ 81 and RCI > 81 by region and region
type. Each of the 819 European regions can host up to 50 research clusters. Extraction from RegPAT
(January 2009); regional typology adapted from OECD (2010) and EUROSTAT (2009).
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(a) Rural regions with RCI>1, 1990-1994
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(b) Rural regions with RCI>1, 2000-2004
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(c) Rural regions with 1<RCI≤16, 1990-1994
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(d) Rural regions with 1<RCI≤16, 2000-2004
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(e) Rural regions with 16<RCI≤81, 1990-1994
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(f) Rural regions with 16<RCI≤81, 2000-2004
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(g) Rural regions with RCI>81, 1990-1994
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(h) Rural regions with RCI>81, 2000-2004

Fig. A.36. Technological diversity, co-agglomeration and clustering in rural regions
Source: own calculations and illustration. Notes: Ranking of regions by cumulated number of technology
field-specific clusters with RCI > 1, 1 < RCI ≤ 16, 16 < RCI ≤ 81 and RCI > 81 by region and region
type. Each of the 819 European regions can host up to 50 research clusters. Extraction from RegPAT
(January 2009); regional typology adapted from OECD (2010) and EUROSTAT (2009).
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Fig. A.37. Data selection method for inter-regional co-inventorship network analysis
Source: own illustration.
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Fig. A.38. Share of EPO patents with foreign co-inventors by country (1)
Source: own calculations and illustration. Notes: Share of national EPO patents with foreign co-inventors
by country; EU-15 countries, CH and NO, 1980-2007; data extracted from OECD RegPAT (January 2009)
and OECD (2009d); fractional counts.

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



lxii Appendix: Figures

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 

Cyprus Czech Republic 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 

Hungary Latvia 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 

Lithuania Malta 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 

Poland Romania 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 

Slovak Republic Slovenia 

Fig. A.39. Share of EPO patents with foreign co-inventors by country (2)
Source: own calculations and illustration. Notes: Share of national EPO patents with foreign co-inventors
by country; NMS countries, 1980-2007; data extracted from OECD RegPAT (January 2009) and OECD
(2009d); fractional counts.
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Fig. A.40. Foreign co-inventorship structure by country
Source: own calculations and illustration. Notes: Share of EPO patents with foreign co-inventors by
country since 1980; co-operations with abroad by aggregate; EU-15, EU-25, NMS and CH and NO; data
extracted from OECD RegPAT (January 2009) and OECD (2009d); fractional counts.
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Fig. A.41. Foreign co-inventorship structure by country (cont’d)
Source: own calculations and illustration. Notes: Share of EPO patents with foreign co-inventors by
country since 1980; co-operations with abroad by aggregate; EU-15, EU-25, NMS and CH and NO; data
extracted from OECD RegPAT (January 2009) and OECD (2009d); fractional counts.
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Fig. A.42. Number of European co-patenting network linkages, 1990-1994
Source: own calculations and illustration. Notes: Number of linkages by technology-specific co-patenting
networks (1990-1994 and 2000-2004).
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Fig. A.43. Number of European co-patenting network linkages, 2000-2004
Source: own calculations and illustration. Notes: Number of linkages by technology-specific co-patenting
networks (1990-1994 and 2000-2004).
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Fig. A.46. Income inequality decomposition: EU-15 vs. NMS
Source: own calculations and illustration. Notes: GDP per capita in the EU-15 vs. NMS; Inequality
composition is done for GE(-1), GE(0), GE(1), GE(2) and Atkinson indices. Subgroups represented by
EU-15 and NMS group IDs.
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lxx Appendix: Figures

(a) GDP per capita (PPS) year 2000

(b) Regional Typology in the year 1995

Fig. A.47. GDP per capita (2000) and Regional Typology
Source: own calculations and illustration. Notes: Shapefile generation and polygon projection with ArcGIS
9.3.1. environment.
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Map: OECD TL3 Convergence
Non-high-tech EPO patent applications 1995
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Fig. A.48. Patenting Activity in Europe 1995
Source: own calculations and illustration. Notes: Shapefile generation and polygon projection with ArcGIS
9.3.1. environment.
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lxxiv Appendix: Tables

Table B.1. Overview of studies: patents, innovations, productivity, employment, GDP

Author/Year Country MAR Jacobs Porter Spatial Unit Depend. Var.
Jaffe (1989)† USA n.a. n.a. n.a. 29 states innov./patent
Jaffe et al. (1993)‡ USA n.a. n.a. n.a. states innov./patent
Acs et al. (1997)† USA n.a. n.a. n.a. 125 MSA, states innov. (USSBA)
Audretsch and Feldman (1996)† USA (-) n.a. n.a. state innov. (SBIDB)
Caniëls (1997) Europe + n.a. n.a. NUTS1/2 innov./patent
Paci and Usai (1999) Italy + n.a. + LMA innov./patent
Audretsch and Feldman (1999) USA - + + MSA/CMSA innov. (SBIDB)
Combes (2000a) France - + o LMA innov./patent
Bottazzi and Peri (2000)† Europe n.a. n.a. n.a. 86 NUTS1 regions innov./patent
Autant-Bernard and Massard
(2000)

France n.a. n.a. n.a. NUTS3 publications

Acs et al. (2002)† USA n.a. n.a. n.a. MSA innov./patent
Massard and Riou (2002) France - n.a. - departments innov./patent
Andersson and Ejermo (2002)† Sweden n.a. n.a. n.a. 81 regions innov./patent
Bottazzi and Peri (2003)† Europe n.a. n.a. n.a. 86 NUTS1 regions innov./patent
Fischer and Varga (2003)† Austria n.a. n.a. n.a. 72 political districts innov./patent
Moreno et al. (2003)† Europe + n.a. n.a. 138 NUTS1/2 innov./patent
Cabrer-Borras and Serrano-
Domingo (2004)

Spain - n.a. o ZIP code innov./patent

Acs and Armington (2004)† USA n.a. n.a n.a. MSA/4 US innov./patent
Moreno et al. (2004)† Europe + n.a. n.a. 175 NUTS1/2 specialization
Bilbao-Osorio and Rodŕıguez-
Pose (2004)†

Europe + n.a. n.a. 103 NUTS1/2 innov./patent

Greunz (2004) Europe + n.a. + 153 NUTS2 innov./patent
van der Panne (2004) Netherlands + o - 98 regions new products
Greunz (2005) Europe + n.a. + NUTS2 innov./patent
Boschma and Weterings (2005) Netherlands o n.a. - NUTS3 innov./patent
Andersson and Ejermo (2005) Sweden n.a. + + LMA innov./patent
Fischer et al. (2005) Europe n.a. n.a. n.a. 188 NUTS1/2 innov./patent
Moreno et al. (2005c)† Europe + n.a. n.a. 175 NUTS1/2 innov./patent
Fritsch and Slavtchev (2007a) Germany + - n.a. 327 German Kreise DPMA patents
OhUallachain and Leslie (2007) USA + (+) n.a. 50 states innov./patent
Maggioni et al. (2007) Europe - n.a. n.a. 109 NUTS 1/2 innov./patent
Crescenzi et al. (2007b) Europe, USA (+) + n.a. 266 MSA, 96 NUTS innov./patent
Arancegui et al. (2008) Spain - + n.a. 20 Basque counties innov./patent
Usai (2008)† OECD n.a. (+) n.a. 61-271 regions innov./patent
Hoekman et al. (2008) Europe n.a. n.a. n.a. 1319 NUTS3 innov./patent
Hauser et al. (2008)† Europe n.a. n.a. n.a. 49/51 NUTS1 innov./patent
Andersson and Gr̊asjö (2009)† Sweden n.a. n.a. n.a. municipalities innov./patent
Glaeser et al. (1992) USA - + + SMA, 170 cities employment
Bradley and Gans (1998) Australia n.a. n.a. - cities employment
Sjöholm (1998) Indonesia o o + districts/provinces productivity
Partridge and Rickman (1999) USA + n.a. + states productivity
Staber (2001) Germany + n.a. - 10km distance other
Rosenthal and Strange (2001) USA + n.a. n.a. ZIP, county, state productivity
Dekle (2002) Japan - o o prefectures empl./ prod.
Batisse (2002) China - o + provinces other
Rosenthal and Strange (2003) USA + o - ZIP regions empl./ other
King et al. (2003) USA - + o states employment
Eckey et al. (2004) Germany n.a. n.a. n.a. 180LLS output
Viladecans-Marsal (2004) Spain + + n.a. cities empl.
Atzema and van Oort (2004) Netherlands + + + municipalities other
Boix and Trullén (2004) Spain + + n.a. cities empl.
van der Panne (2004) Netherlands + - o provinces productivity
Mukkala (2004) Finland + n.a. n.a. NUTS4 productivity
Malpezzi et al. (2004) USA n.a. n.a. + SMA others
Combes et al. (2004) France n.a. o + MSA others
Acs and Armington (2004) USA - o n.a. LMA employment
Autant-Bernard and Massard
(2007)a

France n.a. n.a. n.a. plants sales

Blien and Suedekum (2005) Germany + n.a. + 438 NUTS3 employment
Crescenzi and Rodŕıguez-Pose
(2006)a

Europe n.a. n.a. n.a. NUTS1/2 GDP

Sonobe and Otsuka (2006) Taiwan o n.a. o township employment

Source: own illustration. Notes: Table highlights selected studies and is not exhaustive; effects: positive
effect (+), negative effect (-), not significant (o); not analyzed (n.a.); †: MAR, Jacobs or Porter not focus
of KPF estimation; ‡: patent citation analysis.
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Appendix: Tables lxxv

Table B.2. SQL database structure

FILE 1: EP APPLT REG (EPO applicant) FILE 2: EP INVT REG (EPO inventorship)

2.126.580 hits 4.897.220 hits
Applt id (applicant ID) Invt id (inventor ID)
Appln nr (patent application nr.) Appln nr (patent application nr.)
Reg code (NUTS3 region code) Reg code (NUTS3 region code)
Address Address
Ctry code (country code) Ctry code (country code)
Reg share (share ≤ 1) Reg share (share ≤ 1)
Applt share (applicant share ≤ 1) Invt share (inventor share ≤ 1)

FILE 3: EP PRIO IPC (YEAR, IPC) FILE 4: RegPAT REGIONS (Concordance)

9.521.012 hits Ctry code (Country)
Appln nr (patent application nr.) Up level code (NUTS2 level code)
Appn year (filing year) Up level label (macro level region’s name)
Prio year (priority year of first filing) Reg code (NUTS3 level code)
IPC (IPC classes) Reg label (micro level region’s name)

FILE 5: IPC Concordance

IPC fields vs. 43 technology fields
IPC fields vs. 6 high-technology fields

Source: own illustration based on OECD RegPAT (January 2009). Notes: The relational database covers
819 OECD TL3 regions. Inventor counting is based on full counting method. IDs are counted several
times if inventor IDs correspond to several technology fields.
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lxxvi Appendix: Tables

Table B.3. RegPAT and the NUTS3/TL3 classification

Ctry. Label Micro-
Region
(NUTS3)

Micro-
Region
(TL3)

Meso-
Region
(NUTS2)

Macro-
Region
(NUTS1)

Inventor
address

AT Austria 35 NUTS3 35 TL3 9 NUTS2 3 NUTS1 43.084
BE Belgium 43 NUTS3 11 TL3 11 NUTS2 3 NUTS1 48.362
CH Switzerland 26 NUTS3 26 TL3 7 NUTS2 7 NUTS1 105.939
CY Cyprus 1 NUTS3 1 TL3 1 NUTS2 1 NUTS1 168
CZ Czech Republic 14 NUTS3 14 TL3 8 NUTS2 8 NUTS1 2.956
DE Germany 439 NUTS3 97 TL3 41 NUTS2 16 NUTS1 940.797
DK Denmark 15 NUTS3 15 TL3 1 NUTS2 1 NUTS1 32.851
EE Estonia 5 NUTS3 5 TL3 1 NUTS2 1 NUTS1 323
ES Spain 52 NUTS3 52 TL3 19 NUTS2 7 NUTS1 25.689
FI Finland 20 NUTS3 20 TL3 5 NUTS2 4 NUTS1 47.212
FR France 100 NUTS3 100 TL3 26 NUTS2 9 NUTS1 302.475
GR Greece 51 NUTS3 13 TL3 13 NUTS2 4 NUTS1 2061
HU Hungary 20 NUTS3 20 TL3 7 NUTS2 3 NUTS1 12.719
IE Ireland 8 NUTS3 8 TL3 2 NUTS2 2 NUTS1 8.021
IT Italy 103 NUTS3 103 TL3 21 NUTS2 5 NUTS1 125.173
LT Lithuania 10 NUTS3 10 TL3 1 NUTS2 10 NUTS1 309
LU Luxembourg 1 NUTS3 1 TL3 1 NUTS2 1 NUTS1 2.923
LV Latvia 6 NUTS3 6 TL3 1 NUTS2 6 NUTS1 360
MT Malta 2 NUTS3 1 TL3 1 NUTS2 2 NUTS1 106
NL Netherlands 40 NUTS3 12 TL3 12 NUTS2 4 NUTS1 95.286
NO Norway 19 NUTS3 19 TL3 7 NUTS2 7 NUTS1 15.691
PL Poland 45 NUTS3 45 TL3 16 NUTS2 6 NUTS1 3.809
PT Portugal 30 NUTS3 30 TL3 7 NUTS2 3 NUTS1 1.433
SE Sweden 21 NUTS3 21 TL3 8 NUTS2 8 NUTS1 86.369
SI Slovenia 12 NUTS3 12 TL3 1 NUTS2 12 NUTS1 1.939
SK Slovak Republic 8 NUTS3 8 TL3 4 NUTS2 4 NUTS1 731
UK United Kingdom 133 NUTS3 133 TL3 37 NUTS2 12 NUTS1 237.390

∑
27 NUTS0 1259 NUTS3 819 TL3 268 NUTS2 149 NUTS1 2.144.176

Source: own illustration based on OECD RegPAT (January 2009). Notes: The relational database covers
819 OECD TL3 micro regions. For Belgium, Greece and the Netherlands, the OECD TL3 corresponds to
the EUROSTAT NUTS2 level. For Germany, 97 “Raumordnungsregionen” are used (OECD, 2003).
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lxxviii Appendix: Tables

Table B.5. Distance weights and spatial lags

Distance concept conceptualization neighboring effects

Polygon contiguity dis-
tance

units that share edges and/or cor-
ners of polygons

first-, second-, third-, nth-
order neighborhood (row-
standardization)

Fixed distance bands specified critical distance in miles,
kilometers, travel time (minutes);
first-, second-, nth-order distance
band

units inside the distance band are
recognized (row-standardization);
threshold distance guarantees at
least one neighbor

k-nearest neighbors k is a predefined number of neigh-
bors

every unit has k neighboring units
with the same (unweighted) influ-
ence (row-standardization)

Inverse distance distance decay effects (miles, kilo-
meters, travel time)

every unit is recognized to effect all
other units; influence decreases with
distance

Source: illustration based on Anselin and Florax (1995), Anselin (2006), Anselin (2007) and Andersson
and Gr̊asjö (2009). Notes: The table summarizes the basic classifications of distance matrices but is not
necessarily exhaustive.

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



Appendix: Tables lxxix

T
a
b
le

B
.6
.
R
es
ea
rc
h
cl
u
st
er
s
b
y
T
F
a
n
d
co
u
n
tr
y
w
it
h
R
C
I
>

1,
19
90
-1
99
4

T
ec

hn
ol

og
y 

F
ie

ld
A

T
B

E
C

H
C

Y
C

Z
D

E
D

K
E

E
E

S
F

I
F

R
G

R
H

U
IE

IT
LT

LU
LV

M
T

N
L

N
O

P
L

P
T

S
E

S
I

S
K

U
K

�
�

T
F

1_
F

oo
d_

be
ve

ra
ge

s
3%

3%
8%

0%
0%

22
%

5%
0%

0%
2%

18
%

0%
1%

0%
7%

0%
0%

0%
0%

5%
1%

0%
0%

1%
0%

0%
22
%

10
0%

23
2

T
F

2_
T

ob
ac

co
_p

ro
d

3%
2%

11
%

0%
0%

25
%

1%
0%

4%
0%

9%
1%

0%
1%

8%
0%

0%
0%

0%
3%

0%
0%

0%
2%

0%
0%

31
%

10
0%

10
1

T
F

3_
T

ex
til

es
4%

4%
8%

0%
1%

29
%

4%
0%

1%
2%

11
%

0%
0%

0%
10

%
0%

1%
0%

0%
1%

0%
1%

0%
1%

1%
0%

24
%

10
0%

16
9

T
F

4_
W

ea
rin

g_
ap

pa
re

l
5%

2%
9%

0%
0%

21
%

5%
0%

1%
1%

15
%

0%
0%

1%
11

%
0%

0%
0%

0%
4%

1%
0%

0%
7%

0%
0%

17
%

10
0%

14
9

T
F

5_
Le

at
he

r_
ar

tic
le

s
11

%
0%

6%
0%

0%
28
%

2%
0%

2%
0%

14
%

0%
1%

0%
20

%
0%

0%
0%

0%
2%

1%
0%

0%
3%

0%
0%

10
%

10
0%

12
5

T
F

6_
W

oo
d_

pr
od

7%
2%

5%
0%

0%
27
%

5%
0%

2%
3%

15
%

0%
0%

1%
7%

0%
0%

0%
0%

4%
1%

0%
0%

6%
0%

0%
12

%
10

0%
21

4
T

F
7_

P
ap

er
5%

2%
9%

0%
0%

22
%

3%
0%

1%
6%

11
%

0%
1%

1%
4%

0%
0%

0%
0%

3%
1%

0%
1%

5%
1%

0%
26
%

10
0%

19
7

T
F

9_
P

et
ro

l_
pr

od
_n

uc
l_

fu
el

5%
2%

4%
0%

1%
25
%

3%
0%

0%
2%

17
%

1%
0%

1%
6%

0%
1%

0%
0%

3%
5%

1%
0%

2%
0%

0%
23
%

10
0%

17
6

T
F

10
_B

as
ic

_c
he

m
ic

al
3%

3%
13

%
0%

0%
27
%

2%
0%

0%
2%

11
%

0%
1%

0%
6%

0%
0%

0%
0%

5%
2%

0%
0%

1%
0%

0%
25
%

10
0%

19
0

T
F

11
_P

es
tic

id
e_

ag
ro

ch
em

 p
ro

d
2%

4%
9%

0%
0%

18
%

3%
0%

1%
2%

15
%

1%
1%

0%
3%

0%
0%

0%
0%

3%
0%

1%
0%

1%
0%

0%
37
%

10
0%

12
3

T
F

12
_P

ai
nt

s_
va

rn
is

he
s

3%
1%

3%
0%

1%
36
%

6%
0%

1%
7%

11
%

0%
0%

0%
5%

0%
0%

0%
0%

5%
0%

0%
0%

9%
0%

0%
11

%
10

0%
88

T
F

13
_P

ha
rm

ac
eu

tic
al

s
4%

3%
10

%
0%

0%
20

%
2%

0%
1%

1%
11

%
0%

2%
1%

7%
0%

0%
0%

0%
5%

1%
1%

0%
2%

0%
0%

30
%

10
0%

16
9

T
F

14
_S

oa
ps

_d
et

er
ge

nt
s

2%
8%

6%
0%

0%
21
%

5%
0%

1%
0%

11
%

0%
0%

0%
8%

0%
1%

0%
0%

3%
0%

0%
0%

1%
0%

0%
33
%

10
0%

10
7

T
F

15
_O

th
er

_c
he

m
ic

al
s

3%
4%

12
%

0%
0%

27
%

2%
0%

1%
1%

14
%

0%
1%

1%
2%

0%
0%

0%
1%

2%
1%

0%
0%

3%
0%

0%
27
%

10
0%

18
7

T
F

16
_M

an
_m

ad
e_

fib
re

6%
2%

6%
0%

0%
30
%

2%
0%

0%
4%

9%
0%

0%
0%

13
%

0%
1%

0%
0%

4%
0%

2%
0%

0%
0%

0%
21
%

10
0%

11
5

T
F

17
_R

ub
be

r_
pl

as
tic

_p
ro

d
6%

2%
9%

0%
0%

25
%

3%
0%

0%
2%

13
%

0%
0%

0%
8%

0%
0%

0%
0%

3%
2%

0%
0%

3%
0%

0%
23
%

10
0%

28
7

T
F

18
_N

on
-m

et
al

_m
in

er
al

_p
ro

d
7%

3%
10

%
0%

0%
27
%

3%
0%

0%
3%

12
%

0%
0%

0%
6%

0%
0%

0%
0%

3%
1%

0%
0%

3%
0%

0%
22
%

10
0%

26
3

T
F

19
_B

as
ic

_m
et

al
s

7%
3%

10
%

0%
0%

24
%

2%
0%

0%
2%

14
%

0%
0%

0%
5%

0%
0%

0%
0%

2%
2%

0%
0%

5%
0%

0%
22
%

10
0%

25
7

T
F

20
_F

ab
ric

_m
et

al
_p

ro
d

7%
1%

9%
0%

0%
26
%

3%
0%

0%
2%

14
%

0%
0%

0%
10

%
0%

0%
0%

0%
2%

0%
0%

0%
6%

0%
0%

19
%

10
0%

27
0

T
F

21
_E

ne
rg

y_
m

ac
hi

ne
ry

4%
0%

9%
0%

0%
30
%

4%
0%

0%
1%

15
%

0%
0%

0%
8%

0%
0%

0%
0%

1%
1%

0%
0%

4%
0%

0%
22
%

10
0%

22
6

T
F

22
_N

on
sp

ec
_m

ac
hi

ne
ry

6%
2%

9%
0%

0%
28
%

3%
0%

0%
3%

12
%

0%
0%

0%
8%

0%
0%

0%
0%

3%
1%

0%
0%

5%
0%

0%
19

%
10

0%
26

9
T

F
23

_A
gr

ic
ul

_f
or

es
tr

y_
m

ac
hi

ne
ry

6%
2%

6%
0%

0%
22
%

5%
0%

1%
2%

17
%

0%
1%

2%
5%

0%
0%

0%
0%

5%
4%

0%
0%

5%
0%

0%
17

%
10

0%
25

5
T

F
24

_M
ac

hi
ne

_t
oo

ls
8%

0%
11

%
0%

0%
29
%

2%
0%

0%
2%

10
%

0%
0%

0%
12

%
0%

0%
0%

0%
1%

0%
0%

0%
5%

0%
0%

20
%

10
0%

24
0

T
F

25
_S

pe
c_

pu
rp

_m
ac

hi
ne

ry
7%

3%
10

%
0%

0%
28
%

3%
0%

0%
3%

9%
0%

0%
0%

11
%

0%
0%

0%
0%

3%
1%

0%
0%

5%
0%

0%
17

%
10

0%
25

3
T

F
26

_W
ea

po
ns

_a
m

m
un

iti
on

5%
1%

8%
0%

0%
22
%

1%
0%

1%
2%

20
%

0%
0%

1%
5%

0%
0%

0%
0%

2%
5%

0%
0%

6%
0%

1%
22
%

10
0%

18
4

T
F

27
_D

om
es

tic
_a

pp
lia

nc
es

6%
1%

10
%

0%
0%

26
%

3%
0%

2%
1%

15
%

0%
0%

0%
13

%
0%

0%
0%

0%
3%

0%
0%

0%
3%

0%
0%

17
%

10
0%

24
5

T
F

28
_O

ffi
ce

_m
ac

h_
co

m
pu

te
rs

2%
2%

12
%

0%
0%

25
%

1%
0%

0%
2%

10
%

0%
0%

1%
5%

0%
0%

0%
0%

3%
1%

0%
0%

2%
2%

0%
32
%

10
0%

18
2

T
F

29
_E

le
ct

ric
_m

ot
or

s_
ge

ne
ra

to
rs

7%
1%

12
%

0%
0%

33
%

3%
0%

1%
2%

11
%

0%
0%

0%
10

%
0%

0%
1%

0%
1%

1%
0%

0%
2%

0%
0%

18
%

10
0%

19
6

T
F

30
_E

le
c_

di
st

r_
co

nt
r_

w
ire

_c
ab

le
3%

2%
13

%
0%

0%
33
%

1%
0%

0%
1%

18
%

0%
0%

1%
6%

0%
0%

0%
1%

1%
0%

0%
0%

3%
2%

0%
15

%
10

0%
18

1
T

F
31

_A
cc

um
ul

at
or

s_
ba

tte
ry

5%
2%

10
%

0%
0%

28
%

4%
0%

0%
1%

12
%

1%
1%

0%
9%

0%
1%

0%
0%

2%
2%

0%
0%

3%
0%

0%
20

%
10

0%
16

2
T

F
32

_L
ig

ht
in

g_
eq

ui
pm

en
t

5%
3%

7%
0%

1%
28
%

2%
0%

1%
1%

16
%

0%
1%

0%
10

%
0%

0%
0%

0%
2%

2%
0%

0%
3%

0%
0%

18
%

10
0%

17
3

T
F

33
_O

th
er

_e
le

ct
r_

eq
ui

p
6%

1%
9%

0%
0%

27
%

1%
0%

0%
1%

16
%

0%
0%

0%
6%

0%
0%

0%
0%

2%
0%

0%
0%

5%
1%

0%
23
%

10
0%

21
1

T
F

34
_E

le
ct

r_
co

m
po

ne
nt

s
6%

1%
12

%
0%

0%
30
%

1%
0%

0%
1%

14
%

0%
1%

0%
6%

0%
0%

0%
0%

1%
0%

0%
0%

3%
0%

0%
25
%

10
0%

15
4

T
F

35
_S

ig
na

l_
tr

an
sm

_t
el

ec
om

3%
3%

13
%

0%
0%

26
%

2%
0%

1%
3%

10
%

0%
0%

1%
3%

0%
0%

0%
0%

3%
0%

0%
0%

3%
1%

0%
28
%

10
0%

17
9

T
F

36
_T

V
_r

ad
io

_r
ec

ei
v_

au
di

o
4%

3%
12

%
0%

0%
25
%

3%
0%

0%
3%

12
%

0%
0%

0%
6%

0%
0%

0%
0%

2%
1%

1%
0%

1%
1%

0%
29
%

10
0%

15
6

T
F

37
_M

ed
_e

qu
ip

m
en

t
2%

2%
10

%
0%

0%
22
%

2%
0%

0%
1%

12
%

0%
0%

1%
7%

0%
0%

0%
0%

4%
1%

0%
0%

3%
0%

0%
31
%

10
0%

25
0

T
F

38
_M

ea
su

rin
g_

in
st

ru
m

en
ts

2%
2%

11
%

0%
0%

27
%

3%
0%

0%
1%

10
%

0%
0%

0%
4%

0%
0%

0%
0%

4%
1%

0%
0%

4%
1%

0%
30
%

10
0%

22
7

T
F

39
_I

nd
_p

ro
c_

co
nt

r_
eq

ui
p

2%
1%

9%
0%

0%
30
%

2%
0%

0%
1%

13
%

0%
0%

0%
8%

0%
0%

0%
0%

2%
2%

0%
0%

2%
0%

0%
25
%

10
0%

20
3

T
F

40
_O

pt
i_

in
st

ru
m

en
ts

4%
2%

13
%

0%
0%

27
%

2%
0%

0%
1%

12
%

0%
1%

1%
6%

0%
0%

0%
1%

2%
2%

0%
0%

2%
0%

0%
28
%

10
0%

18
9

T
F

41
_W

at
ch

es
_c

lo
ck

s
6%

3%
21
%

0%
0%

26
%

0%
0%

1%
1%

12
%

0%
0%

0%
11

%
0%

0%
0%

0%
2%

0%
0%

0%
2%

0%
0%

15
%

10
0%

95
T

F
42

_M
ot

or
_v

eh
ic

le
s

4%
1%

9%
0%

0%
33
%

2%
0%

0%
1%

17
%

0%
0%

0%
6%

0%
1%

0%
0%

2%
0%

0%
0%

4%
0%

0%
21
%

10
0%

19
8

T
F

43
_O

th
er

_t
ra

ns
p_

eq
ui

p
8%

0%
8%

0%
0%

24
%

2%
0%

0%
3%

13
%

0%
0%

0%
9%

0%
0%

0%
0%

3%
5%

0%
0%

4%
0%

0%
21
%

10
0%

25
3

T
F

44
_F

ur
ni

tu
re

_c
on

su
m

_g
oo

d
7%

1%
10

%
0%

0%
23
%

4%
0%

1%
2%

14
%

0%
0%

1%
11

%
0%

0%
0%

0%
3%

2%
0%

0%
3%

0%
0%

18
%

10
0%

25
9

S
U

M
_h

ig
ht

ec
h

3%
3%

11
%

0%
0%

26
%

2%
0%

0%
2%

9%
0%

0%
1%

5%
0%

0%
0%

0%
4%

1%
0%

0%
2%

1%
0%

31
%

10
0%

19
2

H
T

2_
C

om
pu

te
r_

of
fic

e_
m

ac
h

2%
2%

9%
0%

0%
22
%

1%
0%

0%
3%

13
%

0%
1%

2%
7%

0%
0%

0%
0%

4%
1%

0%
0%

3%
2%

0%
32
%

10
0%

18
4

H
T

1_
A

vi
at

io
n

3%
1%

3%
1%

0%
26
%

2%
0%

0%
1%

21
%

0%
0%

0%
5%

0%
0%

0%
0%

1%
2%

0%
1%

3%
0%

0%
29
%

10
0%

14
6

H
T

3_
La

se
r

4%
1%

15
%

0%
0%

22
%

3%
0%

0%
0%

13
%

0%
0%

1%
8%

0%
0%

0%
0%

3%
0%

2%
0%

3%
0%

0%
28
%

10
0%

12
0

H
T

4_
S

em
ic

on
du

ct
or

s
4%

1%
13

%
0%

0%
33
%

1%
0%

0%
1%

10
%

0%
0%

1%
9%

0%
0%

0%
0%

1%
1%

0%
0%

1%
0%

0%
22
%

10
0%

13
4

H
T

5_
C

om
m

un
ic

at
io

n
2%

3%
14

%
0%

0%
24
%

3%
0%

1%
4%

11
%

0%
0%

0%
3%

0%
0%

0%
0%

3%
0%

0%
0%

3%
0%

0%
31
%

10
0%

14
7

H
T

6_
M

ic
ro

or
ga

n_
G

en
et

ic
s

3%
4%

8%
0%

1%
17

%
4%

0%
2%

2%
10

%
1%

1%
1%

4%
0%

0%
0%

0%
4%

2%
0%

0%
2%

1%
1%

33
%

10
0%

18
1

�
 c

lu
st

er
 r

eg
io

ns
45

3
19

0
91

5
1

8
24

58
24

2
0

47
17

5
12

47
5

24
40

70
5

0
15

1
5

26
7

11
6

14
3

31
7

24
3

21
88

94
63

94
63

sh
ar

e 
cl

us
te

r 
re

gi
on

s
5%

2%
10

%
0%

0%
26

%
3%

0%
0%

2%
13

%
0%

0%
0%

7%
0%

0%
0%

0%
3%

1%
0%

0%
3%

0%
0%

23
%

10
0%

S
o
u
rc
e:

ow
n
ca
lc
u
la
ti
o
n
s.

N
o
te
s:

C
a
lc
u
la
ti
o
n
s
b
a
se
d
u
p
o
n
O
E
C
D

R
eg
P
A
T

(2
0
0
9
)
ex
tr
a
ct
io
n
s
a
n
d
a
p
p
li
ca
ti
o
n
o
f
IS
I-
S
P
R
U
-O

S
T

co
n
co
rd
a
n
ce
.

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



lxxx Appendix: Tables

T
a
b
le

B
.7
.
R
es
ea
rc
h
cl
u
st
er
s
b
y
T
F
a
n
d
co
u
n
tr
y
w
it
h
R
C
I
>

16
,
19
90
-1
99
4

T
ec

hn
ol

og
y 

F
ie

ld
A

T
B

E
C

H
C

Y
C

Z
D

E
D

K
E

E
E

S
F

I
F

R
G

R
H

U
IE

IT
LT

LU
LV

M
T

N
L

N
O

P
L

P
T

S
E

S
I

S
K

U
K

�
�

T
F

1_
F

oo
d_

be
ve

ra
ge

s
3%

3%
14

%
0%

0%
15

%
10

%
0%

0%
1%

15
%

0%
1%

0%
5%

0%
0%

0%
0%

8%
2%

0%
0%

1%
0%

0%
23
%

10
0%

10
5

T
F

2_
T

ob
ac

co
_p

ro
d

3%
2%

12
%

0%
0%

22
%

1%
0%

4%
0%

9%
1%

0%
1%

8%
0%

0%
0%

0%
2%

0%
0%

0%
2%

0%
0%

33
%

10
0%

92
T

F
3_

T
ex

til
es

3%
3%

8%
0%

0%
30
%

6%
0%

0%
2%

13
%

0%
0%

0%
10

%
0%

1%
0%

0%
0%

0%
1%

0%
0%

1%
0%

22
%

10
0%

10
0

T
F

4_
W

ea
rin

g_
ap

pa
re

l
5%

2%
8%

0%
0%

18
%

5%
0%

0%
2%

15
%

0%
0%

2%
12

%
0%

0%
0%

0%
3%

1%
0%

0%
7%

0%
0%

19
%

10
0%

13
0

T
F

5_
Le

at
he

r_
ar

tic
le

s
16

%
0%

10
%

0%
0%

20
%

2%
0%

1%
0%

16
%

0%
0%

0%
21
%

0%
0%

0%
0%

0%
0%

0%
0%

1%
0%

0%
12

%
10

0%
81

T
F

6_
W

oo
d_

pr
od

10
%

2%
5%

0%
0%

27
%

5%
0%

2%
4%

12
%

0%
0%

1%
6%

0%
1%

0%
0%

4%
2%

0%
0%

6%
0%

0%
12

%
10

0%
13

7
T

F
7_

P
ap

er
6%

4%
13

%
0%

0%
29
%

3%
0%

1%
7%

7%
0%

0%
0%

0%
0%

0%
0%

0%
0%

1%
0%

0%
6%

1%
0%

23
%

10
0%

10
2

T
F

9_
P

et
ro

l_
pr

od
_n

uc
l_

fu
el

5%
1%

5%
0%

0%
23
%

3%
0%

0%
1%

14
%

0%
0%

1%
6%

0%
0%

0%
0%

3%
9%

1%
0%

1%
0%

0%
28
%

10
0%

10
1

T
F

10
_B

as
ic

_c
he

m
ic

al
3%

4%
17

%
0%

0%
30
%

3%
0%

0%
1%

10
%

0%
0%

0%
4%

0%
0%

0%
0%

3%
0%

0%
0%

0%
0%

0%
23
%

10
0%

92
T

F
11

_P
es

tic
id

e_
ag

ro
ch

em
 p

ro
d

3%
4%

10
%

0%
0%

28
%

6%
0%

0%
1%

9%
0%

0%
0%

4%
0%

0%
0%

0%
0%

0%
0%

0%
0%

0%
0%

35
%

10
0%

69
T

F
12

_P
ai

nt
s_

va
rn

is
he

s
4%

1%
4%

0%
1%

32
%

6%
0%

1%
8%

10
%

0%
0%

0%
5%

0%
0%

0%
0%

5%
0%

0%
0%

9%
0%

0%
13

%
10

0%
78

T
F

13
_P

ha
rm

ac
eu

tic
al

s
2%

5%
11

%
0%

0%
20
%

4%
0%

0%
0%

14
%

0%
1%

0%
5%

0%
0%

0%
0%

3%
1%

0%
0%

3%
0%

0%
29
%

10
0%

93
T

F
14

_S
oa

ps
_d

et
er

ge
nt

s
0%

11
%

5%
0%

0%
23
%

6%
0%

2%
0%

16
%

0%
0%

0%
5%

0%
0%

0%
0%

3%
0%

0%
0%

0%
0%

0%
30
%

10
0%

64
T

F
15

_O
th

er
_c

he
m

ic
al

s
3%

6%
16

%
0%

0%
29
%

1%
0%

0%
0%

12
%

0%
0%

1%
3%

0%
0%

0%
0%

2%
0%

0%
0%

1%
0%

0%
26
%

10
0%

98
T

F
16

_M
an

_m
ad

e_
fib

re
9%

0%
8%

0%
0%

27
%

1%
0%

0%
4%

9%
0%

0%
0%

11
%

0%
1%

0%
0%

4%
0%

1%
0%

0%
0%

0%
25
%

10
0%

79
T

F
17

_R
ub

be
r_

pl
as

tic
_p

ro
d

6%
2%

18
%

0%
0%

36
%

2%
0%

0%
1%

11
%

0%
0%

0%
4%

0%
1%

0%
0%

1%
0%

0%
0%

2%
0%

0%
14

%
10

0%
14

0
T

F
18

_N
on

-m
et

al
_m

in
er

al
_p

ro
d

10
%

2%
17

%
0%

0%
35
%

3%
0%

0%
2%

13
%

0%
0%

0%
3%

0%
1%

0%
0%

1%
0%

0%
0%

2%
0%

0%
13

%
10

0%
13

3
T

F
19

_B
as

ic
_m

et
al

s
9%

2%
15

%
0%

0%
30
%

3%
0%

0%
1%

17
%

0%
0%

0%
2%

0%
1%

0%
0%

1%
0%

0%
0%

2%
0%

0%
15

%
10

0%
12

3
T

F
20

_F
ab

ric
_m

et
al

_p
ro

d
8%

0%
18

%
0%

0%
40
%

3%
0%

0%
1%

11
%

0%
0%

0%
5%

0%
0%

0%
0%

0%
0%

0%
0%

5%
0%

0%
9%

10
0%

12
8

T
F

21
_E

ne
rg

y_
m

ac
hi

ne
ry

2%
0%

13
%

0%
0%

40
%

2%
0%

0%
1%

16
%

0%
1%

0%
7%

0%
0%

0%
0%

1%
0%

0%
0%

2%
0%

0%
16

%
10

0%
12

1
T

F
22

_N
on

sp
ec

_m
ac

hi
ne

ry
6%

1%
15

%
0%

0%
38
%

3%
0%

0%
2%

7%
0%

0%
0%

5%
0%

1%
0%

0%
4%

0%
0%

0%
6%

0%
0%

12
%

10
0%

12
3

T
F

23
_A

gr
ic

ul
_f

or
es

tr
y_

m
ac

hi
ne

ry
5%

2%
6%

0%
0%

26
%

8%
0%

1%
1%

13
%

0%
0%

1%
8%

0%
0%

0%
0%

10
%

2%
0%

0%
3%

0%
0%

16
%

10
0%

11
8

T
F

24
_M

ac
hi

ne
_t

oo
ls

7%
0%

18
%

0%
0%

36
%

0%
0%

0%
1%

7%
0%

0%
0%

10
%

0%
0%

0%
0%

1%
0%

0%
0%

6%
0%

0%
13

%
10

0%
12

5
T

F
25

_S
pe

c_
pu

rp
_m

ac
hi

ne
ry

4%
2%

20
%

0%
0%

38
%

2%
0%

0%
3%

6%
0%

0%
0%

13
%

0%
0%

0%
0%

2%
0%

0%
0%

2%
0%

0%
7%

10
0%

12
3

T
F

26
_W

ea
po

ns
_a

m
m

un
iti

on
7%

1%
9%

0%
0%

21
%

0%
0%

1%
1%

20
%

0%
0%

1%
4%

0%
0%

0%
0%

2%
2%

0%
0%

7%
0%

1%
24
%

10
0%

11
6

T
F

27
_D

om
es

tic
_a

pp
lia

nc
es

5%
0%

19
%

0%
0%

35
%

3%
0%

0%
0%

12
%

0%
0%

0%
11

%
0%

0%
0%

0%
3%

0%
0%

0%
2%

0%
0%

11
%

10
0%

11
3

T
F

28
_O

ffi
ce

_m
ac

h_
co

m
pu

te
rs

2%
1%

16
%

0%
0%

27
%

0%
0%

0%
0%

10
%

0%
0%

1%
3%

0%
0%

0%
0%

2%
1%

0%
0%

1%
2%

0%
35
%

10
0%

10
4

T
F

29
_E

le
ct

ric
_m

ot
or

s_
ge

ne
ra

to
rs

6%
0%

16
%

0%
0%

33
%

2%
0%

1%
1%

12
%

0%
0%

0%
10

%
0%

0%
0%

0%
1%

0%
0%

0%
3%

0%
0%

16
%

10
0%

11
2

T
F

30
_E

le
c_

di
st

r_
co

nt
r_

w
ire

_c
ab

le
2%

3%
18

%
0%

0%
37
%

0%
0%

0%
1%

17
%

0%
0%

1%
6%

0%
0%

0%
2%

1%
0%

0%
0%

3%
1%

0%
9%

10
0%

10
8

T
F

31
_A

cc
um

ul
at

or
s_

ba
tte

ry
6%

2%
13

%
0%

0%
25
%

5%
0%

0%
0%

14
%

1%
0%

0%
9%

0%
0%

0%
0%

1%
1%

0%
0%

1%
0%

0%
22
%

10
0%

10
0

T
F

32
_L

ig
ht

in
g_

eq
ui

pm
en

t
5%

2%
10

%
0%

2%
29
%

3%
0%

1%
0%

13
%

0%
2%

0%
8%

0%
0%

0%
0%

2%
1%

0%
0%

2%
0%

0%
21
%

10
0%

11
2

T
F

33
_O

th
er

_e
le

ct
r_

eq
ui

p
6%

0%
15

%
0%

0%
32
%

0%
0%

0%
1%

16
%

0%
0%

0%
4%

0%
0%

0%
0%

3%
0%

1%
0%

4%
1%

0%
18

%
10

0%
10

3
T

F
34

_E
le

ct
r_

co
m

po
ne

nt
s

4%
0%

18
%

0%
0%

38
%

0%
0%

0%
0%

11
%

0%
1%

0%
7%

0%
0%

0%
0%

1%
0%

0%
0%

1%
0%

0%
18

%
10

0%
82

T
F

35
_S

ig
na

l_
tr

an
sm

_t
el

ec
om

1%
3%

13
%

0%
0%

30
%

1%
0%

0%
5%

15
%

0%
0%

0%
3%

0%
0%

0%
0%

3%
0%

0%
0%

1%
0%

0%
25
%

10
0%

79
T

F
36

_T
V

_r
ad

io
_r

ec
ei

v_
au

di
o

4%
1%

11
%

0%
0%

21
%

4%
0%

0%
4%

13
%

0%
0%

0%
4%

0%
0%

0%
0%

2%
0%

0%
0%

1%
0%

0%
36
%

10
0%

85
T

F
37

_M
ed

_e
qu

ip
m

en
t

2%
1%

16
%

0%
0%

26
%

3%
0%

0%
2%

8%
0%

0%
1%

3%
0%

0%
0%

0%
3%

2%
0%

0%
4%

0%
0%

29
%

10
0%

12
9

T
F

38
_M

ea
su

rin
g_

in
st

ru
m

en
ts

2%
1%

16
%

0%
0%

32
%

3%
0%

0%
2%

9%
0%

0%
0%

1%
0%

0%
0%

0%
1%

1%
0%

0%
2%

1%
0%

31
%

10
0%

11
7

T
F

39
_I

nd
_p

ro
c_

co
nt

r_
eq

ui
p

4%
0%

12
%

0%
0%

35
%

2%
0%

0%
1%

12
%

0%
0%

0%
3%

0%
1%

0%
0%

4%
0%

0%
0%

2%
0%

0%
25
%

10
0%

11
4

T
F

40
_O

pt
i_

in
st

ru
m

en
ts

3%
2%

22
%

0%
0%

24
%

4%
0%

0%
0%

11
%

0%
0%

0%
4%

0%
0%

0%
1%

2%
0%

0%
0%

1%
0%

0%
28
%

10
0%

11
1

T
F

41
_W

at
ch

es
_c

lo
ck

s
8%

2%
31
%

0%
0%

23
%

0%
0%

0%
0%

12
%

0%
0%

0%
11

%
0%

0%
0%

0%
0%

0%
0%

0%
3%

0%
0%

11
%

10
0%

65
T

F
42

_M
ot

or
_v

eh
ic

le
s

5%
0%

8%
0%

0%
53
%

1%
0%

0%
1%

16
%

0%
0%

0%
2%

0%
0%

0%
0%

0%
0%

0%
0%

2%
0%

0%
11

%
10

0%
88

T
F

43
_O

th
er

_t
ra

ns
p_

eq
ui

p
7%

0%
8%

0%
0%

28
%

2%
0%

0%
2%

17
%

0%
0%

0%
5%

0%
0%

0%
0%

1%
8%

0%
0%

3%
1%

0%
20
%

10
0%

13
2

T
F

44
_F

ur
ni

tu
re

_c
on

su
m

_g
oo

d
8%

1%
20

%
0%

0%
25
%

5%
0%

1%
2%

12
%

0%
0%

1%
9%

0%
0%

0%
0%

0%
2%

0%
0%

2%
0%

0%
13

%
10

0%
12

6
S

U
M

_h
ig

ht
ec

h
1%

5%
11

%
0%

0%
22
%

4%
0%

0%
4%

13
%

0%
0%

0%
3%

0%
0%

0%
0%

3%
0%

0%
0%

2%
0%

0%
31
%

10
0%

99
H

T
2_

C
om

pu
te

r_
of

fic
e_

m
ac

h
1%

1%
11

%
0%

0%
21
%

0%
0%

0%
1%

12
%

0%
0%

1%
6%

0%
0%

0%
0%

3%
0%

0%
0%

2%
3%

0%
37
%

10
0%

94
H

T
1_

A
vi

at
io

n
3%

0%
4%

0%
0%

23
%

2%
0%

0%
0%

23
%

0%
0%

0%
5%

0%
0%

0%
0%

0%
2%

0%
0%

3%
0%

0%
34
%

10
0%

93
H

T
3_

La
se

r
3%

1%
17

%
0%

0%
19

%
0%

0%
0%

0%
16

%
0%

0%
0%

10
%

0%
0%

0%
0%

1%
0%

1%
0%

1%
0%

0%
30
%

10
0%

70
H

T
4_

S
em

ic
on

du
ct

or
s

4%
1%

16
%

0%
0%

39
%

0%
0%

0%
0%

13
%

0%
0%

0%
7%

0%
0%

0%
0%

1%
0%

0%
0%

1%
0%

0%
17

%
10

0%
70

H
T

5_
C

om
m

un
ic

at
io

n
1%

3%
12

%
0%

0%
24
%

1%
0%

0%
5%

14
%

0%
0%

0%
1%

0%
0%

0%
0%

4%
0%

0%
0%

1%
0%

0%
33
%

10
0%

76
H

T
6_

M
ic

ro
or

ga
n_

G
en

et
ic

s
4%

4%
7%

0%
0%

19
%

4%
0%

0%
2%

9%
0%

1%
0%

2%
0%

0%
0%

0%
6%

2%
0%

0%
3%

0%
0%

38
%

10
0%

10
1

�
 c

lu
st

er
 r

eg
io

ns
25

1
92

68
3

0
3

14
97

14
4

0
16

77
64

3
2

7
13

31
0

0
8

0
3

11
4

44
5

0
13

8
11

1
10

92
51

54
51

54
sh

ar
e 

cl
us

te
r 

re
gi

on
s

5%
2%

13
%

0%
0%

29
%

3%
0%

0%
1%

12
%

0%
0%

0%
6%

0%
0%

0%
0%

2%
1%

0%
0%

3%
0%

0%
21

%
10

0%

S
o
u
rc
e:

ow
n
ca
lc
u
la
ti
o
n
s.

N
o
te
s:

C
a
lc
u
la
ti
o
n
s
b
a
se
d
u
p
o
n
O
E
C
D

R
eg
P
A
T

(2
0
0
9
)
ex
tr
a
ct
io
n
s
a
n
d
a
p
p
li
ca
ti
o
n
o
f
IS
I-
S
P
R
U
-O

S
T

co
n
co
rd
a
n
ce
.

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



Appendix: Tables lxxxi

T
a
b
le

B
.8
.
C
h
a
n
g
in
g
n
u
m
b
er

o
f
re
se
a
rc
h
cl
u
st
er
s
b
y
T
F
a
n
d
co
u
n
tr
y
w
it
h
R
C
I
>

1
,
2
0
0
0
-2
0
0
4
v
s.

1
9
9
0
-1
9
9
4

T
ec

hn
ol

og
y 

F
ie

ld
A

T
B

E
C

H
C

Y
C

Z
D

E
D

K
E

E
E

S
F

I
F

R
G

R
H

U
IE

IT
LT

LU
LV

M
T

N
L

N
O

P
L

P
T

S
E

S
I

S
K

U
K

�
T

F
1_

F
oo

d_
be

ve
ra

ge
s

-2
3

3
0

0
-1

0
-1

0
7

1
-9

1
0

0
5

0
0

1
-1

1
5

1
1

1
-1

-1
-1

6
-1

1
T

F
2_

T
ob

ac
co

_p
ro

d
-1

-1
-3

0
0

-4
1

0
0

0
-2

-1
2

0
1

0
0

0
0

0
0

1
0

1
0

0
-1

5
-2

1
T

F
3_

T
ex

til
es

4
3

9
0

-1
-5

0
0

0
2

15
0

0
1

11
0

0
0

0
2

0
-1

3
3

3
0

-7
42

T
F

4_
W

ea
rin

g_
ap

pa
re

l
2

2
-2

0
0

16
-2

0
5

2
15

0
0

1
8

0
1

0
0

-2
3

0
1

-3
0

0
18

65
T

F
5_

Le
at

he
r_

ar
tic

le
s

1
2

1
0

1
-2

1
0

3
0

4
0

-1
1

19
0

0
0

1
0

2
2

0
4

0
0

14
53

T
F

6_
W

oo
d_

pr
od

3
2

6
1

2
6

-3
0

5
0

-1
4

0
0

0
18

0
-1

0
0

-1
1

1
3

-5
8

0
5

37
T

F
7_

P
ap

er
2

2
6

0
1

3
-1

0
-2

3
-8

0
-1

-1
5

0
0

0
0

0
-1

1
-1

-2
4

0
-9

1
T

F
9_

P
et

ro
l_

pr
od

_n
uc

l_
fu

el
-1

2
-2

0
0

-7
-1

0
2

3
-1

1
-1

2
-1

2
0

-1
1

0
2

-1
5

0
0

0
0

8
1

T
F

10
_B

as
ic

_c
he

m
ic

al
3

3
-1

0
1

2
0

0
0

0
2

0
0

0
4

0
1

0
0

0
0

0
0

2
1

0
-2

16
T

F
11

_P
es

tic
id

e_
ag

ro
ch

em
 p

ro
d

1
-1

1
0

1
14

0
0

2
-1

-3
-1

0
0

8
0

0
0

0
2

0
0

0
1

0
0

-7
17

T
F

12
_P

ai
nt

s_
va

rn
is

he
s

6
3

4
0

-1
5

2
0

1
2

-2
1

0
0

0
0

1
0

0
-1

1
0

4
-6

5
0

-1
0

15
T

F
13

_P
ha

rm
ac

eu
tic

al
s

1
2

4
0

1
6

2
0

0
1

4
0

-1
0

0
0

0
1

0
0

-1
-1

0
0

4
1

-5
19

T
F

14
_S

oa
ps

_d
et

er
ge

nt
s

1
-1

6
0

0
3

-1
0

0
0

-1
0

0
0

4
0

-1
0

0
2

0
0

0
-1

0
0

5
16

T
F

15
_O

th
er

_c
he

m
ic

al
s

2
-1

0
0

0
4

1
0

-1
2

2
0

-2
-1

7
0

0
0

-1
2

1
0

1
0

0
0

-1
4

2
T

F
16

_M
an

_m
ad

e_
fib

re
0

6
0

1
0

-5
1

0
4

-3
8

0
0

0
3

0
0

0
0

2
5

2
0

0
0

0
4

28
T

F
17

_R
ub

be
r_

pl
as

tic
_p

ro
d

0
3

-1
0

0
-2

0
0

3
-1

-1
0

0
-1

10
0

0
0

0
-1

-2
0

1
-1

0
0

-3
4

T
F

18
_N

on
-m

et
al

_m
in

er
al

_p
ro

d
6

1
-3

0
0

4
6

0
2

-1
-2

0
0

0
15

0
0

0
0

0
0

0
0

-1
6

0
-2

0
13

T
F

19
_B

as
ic

_m
et

al
s

4
2

1
0

0
4

1
1

1
1

-2
0

0
0

2
0

0
0

0
1

2
0

1
0

0
0

-1
9

0
T

F
20

_F
ab

ric
_m

et
al

_p
ro

d
4

3
1

0
0

3
2

0
2

-1
-5

0
0

0
8

0
0

0
0

2
-1

0
0

-3
9

0
-1

2
12

T
F

21
_E

ne
rg

y_
m

ac
hi

ne
ry

4
3

2
0

0
10

3
0

1
-2

-1
2

0
-1

0
6

0
1

0
0

0
0

0
0

-3
0

0
-1

2
0

T
F

22
_N

on
sp

ec
_m

ac
hi

ne
ry

4
-1

0
0

0
3

3
0

1
1

-1
0

0
0

0
10

0
0

0
0

1
2

0
0

-6
2

0
-1

1
-1

T
F

23
_A

gr
ic

ul
_f

or
es

tr
y_

m
ac

hi
ne

ry
3

4
-4

0
0

-1
1

0
2

2
-1

3
1

-1
-3

14
0

0
0

0
-1

2
0

0
-4

2
1

12
17

T
F

24
_M

ac
hi

ne
_t

oo
ls

-1
0

0
0

0
10

0
0

2
2

0
0

0
0

2
0

-1
0

0
0

2
0

0
-1

0
0

-2
0

-5
T

F
25

_S
pe

c_
pu

rp
_m

ac
hi

ne
ry

4
1

1
0

2
-2

2
0

1
3

-6
0

0
0

6
0

-1
0

0
1

1
0

0
-1

0
0

-5
7

T
F

26
_W

ea
po

ns
_a

m
m

un
iti

on
5

3
2

0
4

4
4

0
-2

-1
-1

3
0

0
-1

4
0

0
0

0
-2

-5
1

0
0

1
0

-1
7

-1
3

T
F

27
_D

om
es

tic
_a

pp
lia

nc
es

1
4

-4
0

0
-4

1
0

1
0

-4
0

0
-1

6
0

0
0

1
0

0
0

0
-1

5
0

3
8

T
F

28
_O

ffi
ce

_m
ac

h_
co

m
pu

te
rs

2
1

2
0

0
-1

3
0

1
1

0
0

1
1

-3
3

0
0

0
-4

0
0

0
2

-3
0

-9
-3

T
F

29
_E

le
ct

ric
_m

ot
or

s_
ge

ne
ra

to
rs

0
-1

-1
0

1
-4

0
0

-1
0

-1
0

0
0

-1
0

0
-1

0
2

0
0

0
0

3
1

-4
-7

T
F

30
_E

le
c_

di
st

r_
co

nt
r_

w
ire

_c
ab

le
4

-1
-1

0
1

10
3

0
3

4
-2

0
0

-1
6

0
1

0
-1

1
0

0
0

-3
5

0
-8

21
T

F
31

_A
cc

um
ul

at
or

s_
ba

tte
ry

0
1

4
0

1
17

0
0

3
0

2
-1

-1
0

-5
0

0
0

1
0

-1
1

0
-4

1
0

3
22

T
F

32
_L

ig
ht

in
g_

eq
ui

pm
en

t
3

0
7

0
0

8
3

0
-1

3
-9

1
-1

1
5

0
0

0
0

-2
0

1
0

-3
6

0
-3

19
T

F
33

_O
th

er
_e

le
ct

r_
eq

ui
p

5
1

0
0

0
8

3
0

2
3

-6
0

0
2

7
0

0
0

0
-2

0
-1

0
-3

-1
0

-4
14

T
F

34
_E

le
ct

r_
co

m
po

ne
nt

s
2

4
6

0
0

7
1

0
0

1
-5

0
0

2
3

0
0

0
0

1
2

1
0

2
0

0
-1

26
T

F
35

_S
ig

na
l_

tr
an

sm
_t

el
ec

om
3

-1
-3

0
0

-2
2

0
-1

1
-3

0
1

0
-2

0
0

0
0

-2
3

0
0

3
0

0
-9

-1
0

T
F

36
_T

V
_r

ad
io

_r
ec

ei
v_

au
di

o
-3

0
2

0
0

-4
2

0
0

1
-4

0
1

0
-5

0
0

0
0

1
2

0
0

2
-1

0
-1

0
-1

6
T

F
37

_M
ed

_e
qu

ip
m

en
t

4
2

1
0

0
5

4
0

0
1

-1
0

0
0

2
1

0
0

0
0

-2
0

-1
0

-1
0

0
-2

4
T

F
38

_M
ea

su
rin

g_
in

st
ru

m
en

ts
2

4
-1

0
0

7
0

0
0

1
-4

0
0

0
1

0
1

0
0

-3
0

-1
0

-1
-1

0
-7

-2
T

F
39

_I
nd

_p
ro

c_
co

nt
r_

eq
ui

p
6

1
4

0
1

1
3

0
-1

2
-1

0
0

0
1

-2
0

0
0

1
-3

1
0

0
2

0
0

-1
5

-8
T

F
40

_O
pt

i_
in

st
ru

m
en

ts
1

4
-1

0
0

5
1

0
0

1
-2

0
0

-1
1

0
0

0
0

1
-1

0
0

0
1

0
-4

6
T

F
41

_W
at

ch
es

_c
lo

ck
s

-4
-1

0
0

0
1

4
0

1
1

0
0

0
0

-6
0

0
0

1
-1

0
0

0
-2

0
0

-3
-9

T
F

42
_M

ot
or

_v
eh

ic
le

s
3

1
-1

1
0

0
-1

-2
0

3
1

-3
0

0
0

-2
0

0
0

1
-2

0
0

0
-3

0
0

-1
8

-3
3

T
F

43
_O

th
er

_t
ra

ns
p_

eq
ui

p
-1

3
2

0
0

6
0

0
4

-3
3

1
0

0
0

0
0

0
0

0
-1

0
0

2
4

0
0

20
T

F
44

_F
ur

ni
tu

re
_c

on
su

m
_g

oo
d

7
3

-1
0

0
-3

0
0

1
-2

-5
0

-1
-1

13
0

0
0

0
3

2
0

0
4

5
0

17
42

S
U

M
_h

ig
ht

ec
h

-1
1

1
0

0
2

2
0

0
2

-1
0

1
0

-5
0

0
0

0
-1

1
0

0
0

-1
0

-9
-8

H
T

2_
C

om
pu

te
r_

of
fic

e_
m

ac
h

2
2

7
0

0
0

4
0

1
0

-6
0

0
-1

-5
0

1
0

0
-4

1
0

0
0

-4
0

-1
4

-1
6

H
T

1_
A

vi
at

io
n

1
5

5
-1

1
12

2
0

5
0

-1
0

1
0

2
0

1
0

0
2

0
0

-1
1

0
0

8
43

H
T

3_
La

se
r

2
1

-1
0

0
8

2
0

1
3

-3
0

0
1

4
0

0
0

0
-1

2
0

1
-2

0
0

9
27

H
T

4_
S

em
ic

on
du

ct
or

s
5

4
7

0
0

6
2

0
0

0
0

0
0

0
-1

0
0

0
0

1
0

0
0

1
0

0
5

30
H

T
5_

C
om

m
un

ic
at

io
n

0
0

-4
0

0
4

2
0

-1
1

-1
0

1
1

-1
0

0
0

0
2

3
0

0
4

1
0

-5
7

H
T

6_
M

ic
ro

or
ga

n_
G

en
et

ic
s

-1
0

4
0

-1
17

0
1

0
0

2
-1

0
1

-4
0

0
1

0
0

-1
1

0
0

0
0

-1
3

6

S
o
u
rc
e:

ow
n
ca
lc
u
la
ti
o
n
s.

N
o
te
s:

C
a
lc
u
la
ti
o
n
s
b
a
se
d
u
p
o
n
O
E
C
D

R
eg
P
A
T

(2
0
0
9
)
ex
tr
a
ct
io
n
s
a
n
d
a
p
p
li
ca
ti
o
n
o
f
IS
I-
S
P
R
U
-O

S
T

co
n
co
rd
a
n
ce
.

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



lxxxii Appendix: Tables

T
a
b
le

B
.9
.
B
et
w
ee
n
n
es
s
ce
n
tr
a
li
ty

ra
n
k
in
g
o
f
T
O
P
1
0
re
g
io
n
s
(1
-5
)

te
ch

no
lo

gy
 fi

el
d

T
F

1_
F

oo
d_

be
ve

ra
ge

s
N

L3
3

Z
U

ID
-H

O
LL

A
N

D
D

E
93

M
ün

ch
en

IT
C

45
M

ila
no

C
H

01
1

V
au

d
D

E
51

R
he

in
-M

ai
n

T
F

2_
T

ob
ac

co
_p

ro
d

D
E

5
S

ch
le

sw
ig

-H
ol

st
ei

n 
S

üd
D

E
6

H
am

bu
rg

U
K

J3
2

S
ou

th
am

pt
on

U
K

J3
3

H
am

ps
hi

re
 C

C
C

H
02

1
B

er
n

T
F

3_
T

ex
til

es
D

E
51

R
he

in
-M

ai
n

D
E

68
U

nt
er

er
 N

ec
ka

r
D

E
42

D
üs

se
ld

or
f

C
H

05
6

G
ra

ub
ün

de
n

F
R

22
2

O
is

e
T

F
4_

W
ea

rin
g_

ap
pa

re
l

D
E

84
O

be
rf

ra
nk

en
-O

st
F

R
71

4
Is

èr
e

F
R

71
1

A
in

F
R

71
8

H
au

te
-S

av
oi

e
F

R
10

1
P

ar
is

T
F

5_
Le

at
he

r_
ar

tic
le

s
IT

D
34

T
re

vi
so

D
E

42
D

üs
se

ld
or

f
D

E
65

W
es

tp
fa

lz
D

E
41

D
ui

sb
ur

g/
E

ss
en

D
E

72
S

tu
ttg

ar
t

T
F

6_
W

oo
d_

pr
od

D
E

58
O

be
re

s 
E

lb
ta

l/O
st

er
zg

eb
irg

e
D

E
72

S
tu

ttg
ar

t
D

E
96

O
be

rla
nd

D
E

41
D

ui
sb

ur
g/

E
ss

en
C

H
03

3
A

ar
ga

u
T

F
7_

P
ap

er
F

I1
81

U
us

im
aa

D
E

52
S

ta
rk

en
bu

rg
D

E
51

R
he

in
-M

ai
n

D
E

86
In

du
st

rie
re

gi
on

 M
itt

el
fr

an
ke

n
F

R
71

4
Is

èr
e

T
F

9_
P

et
ro

l_
pr

od
_n

uc
l_

fu
el

N
L3

2
N

O
O

R
D

-H
O

LL
A

N
D

N
L2

3
F

LE
V

O
LA

N
D

IT
C

45
M

ila
no

U
K

D
22

C
he

sh
ire

 C
C

D
E

42
D

üs
se

ld
or

f
T

F
10

_B
as

ic
_c

he
m

ic
al

IT
C

45
M

ila
no

D
E

51
R

he
in

-M
ai

n
D

E
42

D
üs

se
ld

or
f

F
R

71
6

R
hô

ne
D

E
66

R
he

in
pf

al
z

T
F

11
_P

es
tic

id
e_

ag
ro

ch
em

_p
ro

d
F

R
71

6
R

hô
ne

D
E

44
K

öl
n

D
E

42
D

üs
se

ld
or

f
D

E
51

R
he

in
-M

ai
n

C
H

05
6

G
ra

ub
ün

de
n

T
F

12
_P

ai
nt

s_
va

rn
is

he
s

D
E

41
D

ui
sb

ur
g/

E
ss

en
D

E
40

E
m

sc
he

r-
Li

pp
e

D
E

66
R

he
in

pf
al

z
D

E
68

U
nt

er
er

 N
ec

ka
r

D
E

70
M

itt
le

re
r 

O
be

rr
he

in
T

F
13

_P
ha

rm
ac

eu
tic

al
s

IT
C

45
M

ila
no

D
E

51
R

he
in

-M
ai

n
F

R
10

1
P

ar
is

D
E

93
M

ün
ch

en
C

H
05

6
G

ra
ub

ün
de

n
T

F
14

_S
oa

ps
_d

et
er

ge
nt

s
D

E
42

D
üs

se
ld

or
f

B
E

24
P

R
O

V
. V

LA
A

M
S

-B
R

A
B

A
N

T
N

L3
3

Z
U

ID
-H

O
LL

A
N

D
U

K
D

54
W

irr
al

IT
E

43
R

om
a

T
F

15
_O

th
er

_c
he

m
ic

al
s

D
E

42
D

üs
se

ld
or

f
IT

C
45

M
ila

no
F

R
71

6
R

hô
ne

F
R

10
1

P
ar

is
D

E
41

D
ui

sb
ur

g/
E

ss
en

T
F

16
_M

an
_m

ad
e_

fib
re

F
R

71
6

R
hô

ne
F

R
42

2
H

au
t-

R
hi

n
D

E
51

R
he

in
-M

ai
n

F
R

42
1

B
as

-R
hi

n
B

E
10

R
É

G
IO

N
 D

E
 B

R
U

X
E

LL
E

S
-

T
F

17
_R

ub
be

r_
pl

as
tic

_p
ro

d
IT

C
45

M
ila

no
D

E
51

R
he

in
-M

ai
n

D
E

42
D

üs
se

ld
or

f
D

E
93

M
ün

ch
en

C
H

01
1

V
au

d
T

F
18

_N
on

-m
et

al
_m

in
er

al
_p

ro
d

D
E

51
R

he
in

-M
ai

n
IT

C
45

M
ila

no
S

E
04

4
S

kå
ne

 lä
n

D
E

42
D

üs
se

ld
or

f
F

R
22

2
O

is
e

T
F

19
_B

as
ic

_m
et

al
s

D
E

42
D

üs
se

ld
or

f
IT

C
45

M
ila

no
F

R
10

1
P

ar
is

F
R

71
4

Is
èr

e
D

E
86

In
du

st
rie

re
gi

on
 M

itt
el

fr
an

ke
n

T
F

20
_F

ab
ric

_m
et

al
_p

ro
d

D
E

93
M

ün
ch

en
D

E
42

D
üs

se
ld

or
f

F
R

10
3

Y
ve

lin
es

IT
C

45
M

ila
no

D
E

72
S

tu
ttg

ar
t

T
F

21
_E

ne
rg

y_
m

ac
hi

ne
ry

D
E

72
S

tu
ttg

ar
t

D
E

93
M

ün
ch

en
IT

C
11

T
or

in
o

D
E

70
M

itt
le

re
r 

O
be

rr
he

in
IT

C
45

M
ila

no
T

F
22

_N
on

sp
ec

_m
ac

hi
ne

ry
D

E
72

S
tu

ttg
ar

t
D

E
51

R
he

in
-M

ai
n

D
E

93
M

ün
ch

en
S

E
01

0
S

to
ck

ho
lm

s 
lä

n
IT

C
45

M
ila

no
T

F
23

_A
gr

ic
ul

_f
or

es
tr

y_
m

ac
hi

ne
ry

F
R

10
1

P
ar

is
D

E
93

M
ün

ch
en

F
R

61
2

G
iro

nd
e

S
E

04
4

S
kå

ne
 lä

n
D

E
51

R
he

in
-M

ai
n

T
F

24
_M

ac
hi

ne
_t

oo
ls

D
E

93
M

ün
ch

en
D

E
72

S
tu

ttg
ar

t
C

H
05

7
T

hu
rg

au
C

H
04

0
Z

ür
ic

h
IT

C
45

M
ila

no
T

F
25

_S
pe

c_
pu

rp
_m

ac
hi

ne
ry

D
E

42
D

üs
se

ld
or

f
IT

C
45

M
ila

no
D

E
51

R
he

in
-M

ai
n

D
E

72
S

tu
ttg

ar
t

F
I1

81
U

us
im

aa
T

F
26

_W
ea

po
ns

_a
m

m
un

iti
on

D
E

76
S

ch
w

ar
zw

al
d-

B
aa

r-
H

eu
be

rg
F

R
71

5
Lo

ire
F

R
10

3
Y

ve
lin

es
D

E
88

A
ug

sb
ur

g
D

E
3

S
ch

le
sw

ig
-H

ol
st

ei
n 

M
itt

e
T

F
27

_D
om

es
tic

_a
pp

lia
nc

es
D

E
93

M
ün

ch
en

D
E

51
R

he
in

-M
ai

n
S

E
01

0
S

to
ck

ho
lm

s 
lä

n
IT

C
45

M
ila

no
D

E
72

S
tu

ttg
ar

t
T

F
28

_O
ffi

ce
_m

ac
h_

co
m

pu
te

rs
D

E
93

M
ün

ch
en

IT
C

45
M

ila
no

F
R

10
1

P
ar

is
F

R
71

4
Is

èr
e

U
K

H
12

C
am

br
id

ge
sh

ire
 C

C
T

F
29

_E
le

ct
ric

_m
ot

or
s_

ge
ne

ra
to

rs
D

E
72

S
tu

ttg
ar

t
IT

C
45

M
ila

no
D

E
93

M
ün

ch
en

S
E

02
5

V
äs

tm
an

la
nd

s 
lä

n
D

E
70

M
itt

le
re

r 
O

be
rr

he
in

T
F

30
_E

le
c_

di
st

r_
co

nt
r_

w
ire

_c
ab

le
D

E
51

R
he

in
-M

ai
n

D
E

36
B

ie
le

fe
ld

D
E

72
S

tu
ttg

ar
t

D
E

42
D

üs
se

ld
or

f
IT

C
45

M
ila

no
T

F
31

_A
cc

um
ul

at
or

s_
ba

tte
ry

D
E

72
S

tu
ttg

ar
t

IT
C

45
M

ila
no

IT
E

21
P

er
ug

ia
D

E
70

M
itt

le
re

r 
O

be
rr

he
in

U
K

J3
3

H
am

ps
hi

re
 C

C
T

F
32

_L
ig

ht
in

g_
eq

ui
pm

en
t

D
E

72
S

tu
ttg

ar
t

D
E

93
M

ün
ch

en
C

H
03

1
B

as
el

-S
ta

dt
F

R
10

1
P

ar
is

D
E

52
S

ta
rk

en
bu

rg
T

F
33

_O
th

er
_e

le
ct

r_
eq

ui
p

D
E

93
M

ün
ch

en
D

E
72

S
tu

ttg
ar

t
F

R
62

3
H

au
te

-G
ar

on
ne

IT
C

45
M

ila
no

F
R

10
3

Y
ve

lin
es

T
F

34
_E

le
ct

r_
co

m
po

ne
nt

s
IT

C
45

M
ila

no
D

E
93

M
ün

ch
en

D
E

72
S

tu
ttg

ar
t

D
E

58
O

be
re

s 
E

lb
ta

l/O
st

er
zg

eb
irg

e
N

L4
1

N
O

O
R

D
-B

R
A

B
A

N
T

T
F

35
_S

ig
na

l_
tr

an
sm

_t
el

ec
om

D
E

93
M

ün
ch

en
IT

C
45

M
ila

no
S

E
01

0
S

to
ck

ho
lm

s 
lä

n
F

I1
81

U
us

im
aa

D
E

72
S

tu
ttg

ar
t

T
F

36
_T

V
_r

ad
io

_r
ec

ei
v_

au
di

o
D

E
93

M
ün

ch
en

F
R

10
1

P
ar

is
F

R
52

3
Ill

e-
et

-V
ila

in
e

IT
C

45
M

ila
no

U
K

H
12

C
am

br
id

ge
sh

ire
 C

C
T

F
37

_M
ed

_e
qu

ip
m

en
t

D
E

51
R

he
in

-M
ai

n
F

R
10

1
P

ar
is

IT
E

43
R

om
a

D
E

93
M

ün
ch

en
D

E
68

U
nt

er
er

 N
ec

ka
r

T
F

38
_M

ea
su

rin
g_

in
st

ru
m

en
ts

F
R

10
1

P
ar

is
D

E
93

M
ün

ch
en

U
K

H
12

C
am

br
id

ge
sh

ire
 C

C
IT

C
45

M
ila

no
S

E
01

0
S

to
ck

ho
lm

s 
lä

n
T

F
39

_I
nd

_p
ro

c_
co

nt
r_

eq
ui

p
D

E
72

S
tu

ttg
ar

t
D

E
68

U
nt

er
er

 N
ec

ka
r

D
E

42
D

üs
se

ld
or

f
D

E
93

M
ün

ch
en

IT
C

45
M

ila
no

T
F

40
_O

pt
i_

in
st

ru
m

en
ts

D
E

93
M

ün
ch

en
IT

C
45

M
ila

no
S

E
01

0
S

to
ck

ho
lm

s 
lä

n
D

E
52

S
ta

rk
en

bu
rg

U
K

J3
3

H
am

ps
hi

re
 C

C
T

F
41

_W
at

ch
es

_c
lo

ck
s

D
E

71
N

or
ds

ch
w

ar
zw

al
d

F
R

43
1

D
ou

bs
C

H
01

2
V

al
ai

s
D

E
72

S
tu

ttg
ar

t
D

E
51

R
he

in
-M

ai
n

T
F

42
_M

ot
or

_v
eh

ic
le

s
D

E
72

S
tu

ttg
ar

t
IT

C
11

T
or

in
o

D
E

93
M

ün
ch

en
F

R
10

3
Y

ve
lin

es
D

E
51

R
he

in
-M

ai
n

T
F

43
_O

th
er

_t
ra

ns
p_

eq
ui

p
D

E
93

M
ün

ch
en

IT
C

45
M

ila
no

F
R

10
3

Y
ve

lin
es

F
R

62
3

H
au

te
-G

ar
on

ne
C

H
05

7
T

hu
rg

au
T

F
44

_F
ur

ni
tu

re
_c

on
su

m
_g

oo
d

U
K

I1
1

In
ne

r 
Lo

nd
on

 -
 W

es
t

IT
C

45
M

ila
no

C
H

03
3

A
ar

ga
u

D
E

75
N

ec
ka

r-
A

lb
F

R
10

1
P

ar
is

T
O

P
10

 r
an

ki
ng

 o
f T

L3
 r

eg
io

ns
 (

be
tw

ee
nn

es
s 

ce
nt

ra
lit

y 
in

 d
es

ce
nd

in
g 

or
de

r)
 p

os
iti

on
s 

1-
5

1
2

3
4

5

S
o
u
rc
e:

ow
n
ca
lc
u
la
ti
o
n
s
a
n
d
il
lu
st
ra
ti
o
n
.
N
o
te
s:

B
et
w
ee
n
n
es
s
ce
n
tr
a
li
ty

ra
n
k
in
g
o
f
T
L
3
re
g
io
n
s
(d
es
ce
n
d
in
g
o
rd
er
).

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



Appendix: Tables lxxxiii

T
a
b
le

B
.1
0
.
B
et
w
ee
n
n
es
s
ce
n
tr
a
li
ty

ra
n
k
in
g
o
f
T
O
P
1
0
re
g
io
n
s
(6
-1
0
)

te
ch

no
lo

gy
 fi

el
d

T
F

1_
F

oo
d_

be
ve

ra
ge

s
A

T
12

6
W

ie
ne

r 
U

m
la

nd
/N

or
dt

ei
l

C
H

02
2

F
re

ib
ur

g
D

E
66

R
he

in
pf

al
z

F
I1

81
U

us
im

aa
U

K
H

22
B

ed
fo

rd
sh

ire
 C

C
T

F
2_

T
ob

ac
co

_p
ro

d
D

E
84

O
be

rf
ra

nk
en

-O
st

C
H

02
2

F
re

ib
ur

g
S

E
04

4
S

kå
ne

 lä
n

D
E

14
H

am
bu

rg
-U

m
la

nd
-S

üd
N

L3
2

N
O

O
R

D
-H

O
LL

A
N

D
T

F
3_

T
ex

til
es

D
E

72
S

tu
ttg

ar
t

D
E

44
K

öl
n

IT
C

45
M

ila
no

U
K

J2
3

S
ur

re
y

B
E

10
R

É
G

IO
N

 D
E

 B
R

U
X

E
LL

E
S

-

T
F

4_
W

ea
rin

g_
ap

pa
re

l
F

R
10

7
V

al
-d

e-
M

ar
ne

D
E

51
R

he
in

-M
ai

n
D

E
88

A
ug

sb
ur

g
D

E
75

N
ec

ka
r-

A
lb

E
S

51
1

B
ar

ce
lo

na
T

F
5_

Le
at

he
r_

ar
tic

le
s

D
E

68
U

nt
er

er
 N

ec
ka

r
D

E
86

In
du

st
rie

re
gi

on
 M

itt
el

fr
an

ke
n

D
E

52
S

ta
rk

en
bu

rg
D

E
43

B
oc

hu
m

/H
ag

en
IT

D
35

V
en

ez
ia

T
F

6_
W

oo
d_

pr
od

D
E

22
B

ra
un

sc
hw

ei
g

C
H

04
0

Z
ür

ic
h

D
E

93
M

ün
ch

en
D

E
19

H
an

no
ve

r
D

E
14

H
am

bu
rg

-U
m

la
nd

-S
üd

T
F

7_
P

ap
er

F
R

10
3

Y
ve

lin
es

D
E

93
M

ün
ch

en
D

E
46

B
on

n
B

E
24

P
R

O
V

. V
LA

A
M

S
-B

R
A

B
A

N
T

F
R

71
6

R
hô

ne
T

F
9_

P
et

ro
l_

pr
od

_n
uc

l_
fu

el
U

K
J1

4
O

xf
or

ds
hi

re
U

K
J2

3
S

ur
re

y
B

E
24

P
R

O
V

. V
LA

A
M

S
-B

R
A

B
A

N
T

F
R

71
6

R
hô

ne
F

R
23

2
S

ei
ne

-M
ar

iti
m

e
T

F
10

_B
as

ic
_c

he
m

ic
al

D
E

68
U

nt
er

er
 N

ec
ka

r
D

E
44

K
öl

n
B

E
24

P
R

O
V

. V
LA

A
M

S
-B

R
A

B
A

N
T

H
U

10
1

B
ud

ap
es

t
D

E
52

S
ta

rk
en

bu
rg

T
F

11
_P

es
tic

id
e_

ag
ro

ch
em

_p
ro

d
U

K
J1

1
B

er
ks

hi
re

D
E

66
R

he
in

pf
al

z
IT

C
45

M
ila

no
U

K
I2

3
O

ut
er

 L
on

do
n 

- 
W

es
t a

nd
 N

or
th

 W
es

t
F

R
10

1
P

ar
is

T
F

12
_P

ai
nt

s_
va

rn
is

he
s

D
E

46
B

on
n

D
E

5
S

ch
le

sw
ig

-H
ol

st
ei

n 
S

üd
F

R
62

3
H

au
te

-G
ar

on
ne

P
T

17
1

G
ra

nd
e 

Li
sb

oa
A

T
31

2
Li

nz
-W

el
s

T
F

13
_P

ha
rm

ac
eu

tic
al

s
S

E
01

0
S

to
ck

ho
lm

s 
lä

n
F

R
10

5
H

au
ts

-d
e-

S
ei

ne
IT

E
43

R
om

a
U

K
J1

4
O

xf
or

ds
hi

re
D

E
68

U
nt

er
er

 N
ec

ka
r

T
F

14
_S

oa
ps

_d
et

er
ge

nt
s

D
E

51
R

he
in

-M
ai

n
D

E
66

R
he

in
pf

al
z

B
E

10
R

É
G

IO
N

 D
E

 B
R

U
X

E
LL

E
S

-
U

K
C

22
T

yn
es

id
e

F
R

10
1

P
ar

is
T

F
15

_O
th

er
_c

he
m

ic
al

s
D

E
6

H
am

bu
rg

S
E

04
4

S
kå

ne
 lä

n
D

E
66

R
he

in
pf

al
z

N
L3

3
Z

U
ID

-H
O

LL
A

N
D

B
E

21
P

R
O

V
. A

N
T

W
E

R
P

E
N

T
F

16
_M

an
_m

ad
e_

fib
re

B
E

24
P

R
O

V
. V

LA
A

M
S

-B
R

A
B

A
N

T
B

E
31

P
R

O
V

. B
R

A
B

A
N

T
 W

A
LL

O
N

D
E

66
R

he
in

pf
al

z
IT

C
45

M
ila

no
D

E
78

H
oc

hr
he

in
-B

od
en

se
e

T
F

17
_R

ub
be

r_
pl

as
tic

_p
ro

d
C

H
02

1
B

er
n

F
I1

81
U

us
im

aa
C

H
02

2
F

re
ib

ur
g

F
R

71
4

Is
èr

e
F

R
10

1
P

ar
is

T
F

18
_N

on
-m

et
al

_m
in

er
al

_p
ro

d
F

R
10

3
Y

ve
lin

es
D

E
93

M
ün

ch
en

C
H

02
1

B
er

n
D

E
52

S
ta

rk
en

bu
rg

F
R

10
1

P
ar

is
T

F
19

_B
as

ic
_m

et
al

s
D

E
41

D
ui

sb
ur

g/
E

ss
en

C
H

05
7

T
hu

rg
au

D
E

52
S

ta
rk

en
bu

rg
IT

E
43

R
om

a
A

T
31

2
Li

nz
-W

el
s

T
F

20
_F

ab
ric

_m
et

al
_p

ro
d

U
K

J1
4

O
xf

or
ds

hi
re

F
R

10
1

P
ar

is
U

K
G

13
W

ar
w

ic
ks

hi
re

D
E

44
K

öl
n

IT
C

11
T

or
in

o
T

F
21

_E
ne

rg
y_

m
ac

hi
ne

ry
F

R
10

3
Y

ve
lin

es
D

E
51

R
he

in
-M

ai
n

D
E

67
S

aa
r

S
E

0A
2

V
äs

tr
a 

G
öt

al
an

ds
 lä

n
D

E
42

D
üs

se
ld

or
f

T
F

22
_N

on
sp

ec
_m

ac
hi

ne
ry

F
I1

81
U

us
im

aa
D

E
42

D
üs

se
ld

or
f

A
T

13
0

W
ie

n
U

K
J2

3
S

ur
re

y
F

R
10

3
Y

ve
lin

es
T

F
23

_A
gr

ic
ul

_f
or

es
tr

y_
m

ac
hi

ne
ry

D
E

62
M

itt
el

rh
ei

n-
W

es
te

rw
al

d
D

E
35

M
ün

st
er

F
R

30
1

N
or

d
F

R
10

4
E

ss
on

ne
B

E
25

P
R

O
V

. W
E

S
T

-V
LA

A
N

D
E

R
E

N
T

F
24

_M
ac

hi
ne

_t
oo

ls
S

E
0A

2
V

äs
tr

a 
G

öt
al

an
ds

 lä
n

U
K

H
23

H
er

tfo
rd

sh
ire

IT
C

11
T

or
in

o
D

E
51

R
he

in
-M

ai
n

F
R

51
1

Lo
ire

-A
tla

nt
iq

ue
T

F
25

_S
pe

c_
pu

rp
_m

ac
hi

ne
ry

F
R

10
3

Y
ve

lin
es

D
E

6
H

am
bu

rg
D

E
49

M
itt

el
he

ss
en

D
E

93
M

ün
ch

en
S

E
04

4
S

kå
ne

 lä
n

T
F

26
_W

ea
po

ns
_a

m
m

un
iti

on
D

E
48

N
or

dh
es

se
n

C
H

04
0

Z
ür

ic
h

F
R

24
1

C
he

r
D

E
86

In
du

st
rie

re
gi

on
 M

itt
el

fr
an

ke
n

D
E

20
S

üd
he

id
e

T
F

27
_D

om
es

tic
_a

pp
lia

nc
es

D
E

97
S

üd
os

to
be

rb
ay

er
n

D
E

42
D

üs
se

ld
or

f
F

R
10

3
Y

ve
lin

es
U

K
H

12
C

am
br

id
ge

sh
ire

 C
C

D
E

70
M

itt
le

re
r 

O
be

rr
he

in
T

F
28

_O
ffi

ce
_m

ac
h_

co
m

pu
te

rs
S

E
01

0
S

to
ck

ho
lm

s 
lä

n
F

I1
81

U
us

im
aa

U
K

J3
3

H
am

ps
hi

re
 C

C
U

K
I1

1
In

ne
r 

Lo
nd

on
 -

 W
es

t
F

R
82

3
A

lp
es

-M
ar

iti
m

es
T

F
29

_E
le

ct
ric

_m
ot

or
s_

ge
ne

ra
to

rs
C

H
05

7
T

hu
rg

au
D

E
81

W
ür

zb
ur

g
IT

C
11

T
or

in
o

E
S

30
0

M
ad

rid
IT

F
11

L'
A

qu
ila

T
F

30
_E

le
c_

di
st

r_
co

nt
r_

w
ire

_c
ab

le
F

R
10

3
Y

ve
lin

es
U

K
H

33
E

ss
ex

 C
C

D
E

86
In

du
st

rie
re

gi
on

 M
itt

el
fr

an
ke

n
C

H
03

3
A

ar
ga

u
F

R
10

5
H

au
ts

-d
e-

S
ei

ne
T

F
31

_A
cc

um
ul

at
or

s_
ba

tte
ry

D
E

93
M

ün
ch

en
E

S
30

0
M

ad
rid

U
K

J1
4

O
xf

or
ds

hi
re

D
E

45
A

ac
he

n
D

E
52

S
ta

rk
en

bu
rg

T
F

32
_L

ig
ht

in
g_

eq
ui

pm
en

t
D

E
42

D
üs

se
ld

or
f

D
E

51
R

he
in

-M
ai

n
D

E
68

U
nt

er
er

 N
ec

ka
r

U
K

J3
3

H
am

ps
hi

re
 C

C
D

E
78

H
oc

hr
he

in
-B

od
en

se
e

T
F

33
_O

th
er

_e
le

ct
r_

eq
ui

p
F

R
71

4
Is

èr
e

D
E

42
D

üs
se

ld
or

f
U

K
J3

3
H

am
ps

hi
re

 C
C

S
E

02
5

V
äs

tm
an

la
nd

s 
lä

n
D

E
30

B
er

lin
T

F
34

_E
le

ct
r_

co
m

po
ne

nt
s

D
E

86
In

du
st

rie
re

gi
on

 M
itt

el
fr

an
ke

n
U

K
H

12
C

am
br

id
ge

sh
ire

 C
C

F
R

71
4

Is
èr

e
F

R
10

1
P

ar
is

IT
D

55
B

ol
og

na
T

F
35

_S
ig

na
l_

tr
an

sm
_t

el
ec

om
F

R
10

5
H

au
ts

-d
e-

S
ei

ne
D

E
30

B
er

lin
F

R
10

1
P

ar
is

U
K

J3
3

H
am

ps
hi

re
 C

C
U

K
H

12
C

am
br

id
ge

sh
ire

 C
C

T
F

36
_T

V
_r

ad
io

_r
ec

ei
v_

au
di

o
U

K
I2

3
O

ut
er

 L
on

do
n 

- 
W

es
t a

nd
 N

or
th

 W
es

t
F

R
71

4
Is

èr
e

N
L3

2
N

O
O

R
D

-H
O

LL
A

N
D

U
K

J2
3

S
ur

re
y

U
K

I1
1

In
ne

r 
Lo

nd
on

 -
 W

es
t

T
F

37
_M

ed
_e

qu
ip

m
en

t
IT

C
45

M
ila

no
C

H
04

0
Z

ür
ic

h
F

R
71

6
R

hô
ne

D
E

67
S

aa
r

U
K

H
12

C
am

br
id

ge
sh

ire
 C

C
T

F
38

_M
ea

su
rin

g_
in

st
ru

m
en

ts
D

E
51

R
he

in
-M

ai
n

D
E

68
U

nt
er

er
 N

ec
ka

r
D

E
30

B
er

lin
F

R
10

5
H

au
ts

-d
e-

S
ei

ne
A

T
13

0
W

ie
n

T
F

39
_I

nd
_p

ro
c_

co
nt

r_
eq

ui
p

F
R

10
7

V
al

-d
e-

M
ar

ne
D

E
45

A
ac

he
n

D
E

66
R

he
in

pf
al

z
F

I1
81

U
us

im
aa

C
H

02
1

B
er

n
T

F
40

_O
pt

i_
in

st
ru

m
en

ts
N

L3
3

Z
U

ID
-H

O
LL

A
N

D
D

E
73

O
st

w
ür

tte
m

be
rg

U
K

H
12

C
am

br
id

ge
sh

ire
 C

C
N

L4
1

N
O

O
R

D
-B

R
A

B
A

N
T

F
R

10
1

P
ar

is
T

F
41

_W
at

ch
es

_c
lo

ck
s

C
H

02
1

B
er

n
D

E
93

M
ün

ch
en

C
H

04
0

Z
ür

ic
h

D
E

79
B

od
en

se
e-

O
be

rs
ch

w
ab

en
C

H
03

2
B

as
el

-L
an

ds
ch

af
t

T
F

42
_M

ot
or

_v
eh

ic
le

s
S

E
0A

2
V

äs
tr

a 
G

öt
al

an
ds

 lä
n

D
E

70
M

itt
le

re
r 

O
be

rr
he

in
IT

D
55

B
ol

og
na

F
R

10
5

H
au

ts
-d

e-
S

ei
ne

IT
C

45
M

ila
no

T
F

43
_O

th
er

_t
ra

ns
p_

eq
ui

p
C

H
04

0
Z

ür
ic

h
F

R
10

5
H

au
ts

-d
e-

S
ei

ne
D

E
51

R
he

in
-M

ai
n

D
E

30
B

er
lin

A
T

13
0

W
ie

n
T

F
44

_F
ur

ni
tu

re
_c

on
su

m
_g

oo
d

U
K

J2
3

S
ur

re
y

A
T

13
0

W
ie

n
F

R
71

8
H

au
te

-S
av

oi
e

D
E

72
S

tu
ttg

ar
t

IT
D

34
T

re
vi

so

T
O

P
10

 r
an

ki
ng

 o
f T

L3
 r

eg
io

ns
 (

be
tw

ee
nn

es
s 

ce
nt

ra
lit

y 
in

 d
es

ce
nd

in
g 

or
de

r)
 p

os
iti

on
s 

6-
10

6
7

8
9

10

S
o
u
rc
e:

ow
n
ca
lc
u
la
ti
o
n
s
a
n
d
il
lu
st
ra
ti
o
n
.
N
o
te
s:

B
et
w
ee
n
n
es
s
ce
n
tr
a
li
ty

ra
n
k
in
g
o
f
T
L
3
re
g
io
n
s
(d
es
ce
n
d
in
g
o
rd
er
).

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



lxxxiv Appendix: Tables

Table B.11. Spatial maximum likelihood regression (ML-SAR) for EU-15

Model (41) (42) (43) (44) (45)
EU-15 EU-15 EU-15 EU-15 EU-15

dependent variable:
1/T ln(yi,2006/yi,1995)

CTRYDUMMY no no no no no

GDPLEVEL -0,0062*** -0,0051*** -0,0064*** -0,0053*** -0,0066***
(0,0017) (0,0015) (0,0017) (0,0015) (0,0017)

NATBORDER -0,0002 -9,5096 0,0000
(0,0007) (0,0007) (0,0007)

EUBORDER -0,0009 -0,0008 -0,0007
(0,0013) (0,0013) (0,0013)

INDUSTRY -0,0047*** -0,0060*** -0,0049*** -0,0064*** -0,0045**
(0,0017) (0,0012) (0,0018) (0,0012) (0,0018)

SERVICES 0,0018 0,0018 0,0027
(0,0029) (0,0029) (0,0030)

CAPITAL 0,0041*** 0,0045*** 0,0045***
(0,0014) (0,0014) (0,0015)

URBAN 0,0008 0,0005 0,0001
(0,0009) (0,0010) (0,0010)

INTERMEDIAT -0,0008 -0,0009 -0,0011
(0,0008) (0,0008) (0,0008)

POPDENSITY 0,0004 0,0004
(0,0003) (0,0003)

HTEPOPAT 0,0003 0,0007** 0,0004 0,0008** 0,0006
(0,0005) (0,0003) (0,0005) (0,0003) (0,0005)

NHTEPOPAT 0,0002 0,0002 0,0001
(0,0004) (0,0004) (0,0004)

ρ 0,7765*** 0,7915*** 0,7922*** 0,8064*** 0,8012***
(0,0401) (0,0387) (0,0419) (0,0405) (0,0440)

N 640 640 640 640 640
W-matrix W250km W250km W300km W300km W350km
LR-test 221,4160*** 244,8882*** 201,5465*** 224*** 111,9282***
AIC -4304,13 -4302,61 -4284,26 -4282,15 -4194,6400
log likelihood 2164,06 2157,31 2154,13 2147,08 2109,3200
R-squared 0,4586 0,4486 0,4358 0,4244 0,4171

Source: own estimations. Notes: Growth regressions for period 1995-2006 w/o CTRYDUMMY and spatial
growth spillovers; standard errors in parentheses; SAR-Maximum Likelihood estimation with spatial lagged
dependent variable (ρ); standard errors in parentheses; spatial lags are statistically significant due to
omitted country dummy variables; constant not reported; significance levels of coefficients: *** significant
at the 0.01 level; ** significant at the 0.05 level; * significant at the 0.10 level. Reference category for
settlement type effects is RURAL. W-matrix is the geographic distance matrix used for spatial analysis.
Further information on regression details are available upon request from the author.
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Appendix: Tables lxxxv

Table B.12. Spatial maximum likelihood regression (ML-SAR) for NMS

Model (51) (52) (53)
NMS NMS NMS

dependent variable:
1/T ln(yi,2006/yi,1995)

CTRYDUMMY no no no

GDPLEVEL -0,0189*** -0,0180*** -0,0196***
(0,0038) (0,0040) (0,0042)

NATBORDER -0,0020 -0,0017 -0,0019
(0,0019) (0,0020) (0,0021)

EUBORDER 0,0008 -0,0008 -0,0020
(0,0022) (0,0023) (0,0024)

INDUSTRY 0,0111** 0,0106** 0,0119**
(0,0046) (0,0047) (0,0049)

SERVICES 0,0099 0,0080 0,0076
(0,0064) (0,0066) (0,0069)

CAPITAL 0,0245*** 0,0257*** 0,0262***
(0,0036) (0,0037) (0,0039)

URBAN 0,0142*** 0,0133*** 0,0134***
(0,0037) (0,0039) (0,0041)

INTERMEDIAT 0,0030 0,0021 0,0014
(0,0021) (0,0022) (0,0023)

HTEPOPAT -0,0049 -0,0066 -0,0059
(0,0043) (0,0044) (0,0046)

NHTEPOPAT 0,0048*** 0,0051*** 0,0053***
(0,0018) (0,0018) (0,0019)

ρ 0,5683*** 0,6372*** 0,6216***
(0,0794) (0,0912) (0,1095)

W-matrix W150km W200km W250km
LR-test 39,4764*** 34,4250*** 26,9331***
AIC -747,2560 -742,2050 -734,7130
log likelihood 385,6280 383,1020 379,3560
N 120 120 120
R-squared 0,6928 0,6748 0,6472

Source: own estimations. Notes: Growth regressions for period 1995-2006 w/o CTRYDUMMY and with
spatial growth spillovers; standard errors in parentheses; SAR-Maximum Likelihood estimation with spatial
lagged dependent variable (ρ); standard errors in parentheses; spatial lags are statistically significant due to
omitted country dummy variables; constant not reported; significance levels of coefficients: *** significant
at the 0.01 level; ** significant at the 0.05 level; * significant at the 0.10 level. Reference category for
settlement type effects is RURAL. W-matrix is the geographic distance matrix used for spatial analysis.
Further information on regression details are available upon request from the author.
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Caniëls, M. C. J. (1997). The geographic distribution of patents and value added across
European regions. Merit discussion paper, MERIT, Maastricht Economic Research In-
stitute on Innovation and Technology, University of Maastricht.
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und regionaler Spezialisierung in der Regionalökonomik. Volkswirtschaftliche Reihe ISSN
1435-3520 Nr. V-58-09, Universität Passau.

Feenstra, R. C. (2009). Paul R. Krugman, recipient of the 2008 Nobel Prize in Eco-
nomics: An appreciation. Challenge, 52 (1), 97–107.

Feldkircher, M. (2006). Regional convergence within the EU-25: A spatial economet-
ric analysis. In O. Nationalbank (ed.), New Regional Economics in Central European
Economies: The Future of CENTROPE, Proceedings of OeNB Workshops No. 9, Wien:
Oesterreichische Nationalbank, pp. 101–119.

Feldman, M. P. (1994a). The Geography of Innovation. Heidelberg: Springer.

— (1994b). Knowledge complementarity and innovation. Small Business Economics, 6 (5),
363–72.

— (1999). The new economics of innovation, spillovers and agglomeration: A review of
empirical studies. The Economics of Innovation and New Technology, 8, 5–25.

— (2000). Location and innovation: The new economic geography of innovation, spillovers
and agglomeration. In G. Clark, M. P. Feldman and M. Gertler (eds.), Oxford Handbook
of Economic Geography, Oxford: Oxford University Press, pp. 373–394.

Julian Phillip Christ - 978-3-653-01778-6
Downloaded from PubFactory at 01/11/2019 11:19:23AM

via free access



cvi Bibliography

— and Kogler, D. F. (2010). Stylized facts in the geography of innovation. In B. Hall
and N. Rosenberg (eds.), Handbook of the Economics of Innovation, Handbooks in Eco-
nomics, Amsterdam: Elsevier, pp. 381–410.

Fingleton, B. (2000). Spatial econometrics, economic geography, dynamics and equilib-
rium: a third way? Environment and Planning A, 32 (8), 1481–1498.

— (2003). Models and simulations of GDP per inhabitant across Europe’s regions: A
preliminary view. In B. Fingleton (ed.), European regional growth, Heidelberg: Springer,
pp. 11–53.

— (2007). New Directions in Economic Geography. Cheltenham: Edward Elgar.

—, Igliori, D., Morre, B. and Odedra, R. (2007). Employment growth and clusters
dynamics of creative industries in Great Britain. In K. Polenske (ed.), The Economic
Geography of Innovation, Cambridge: Cambridge University Press, pp. 60–87.
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