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Abstract: Internationalization of research and development has increased substantially in
Europe in recent years, and particularly in Germany. This paper analyses the determinants of
spatial distribution of foreign technological activities across 96 German regions (1996-2009).
The paper identifies foreign technological activities by applying the cross-border-ownership
concept to patent applications. The main proposition of the paper is that regions with higher
related variety of technological activities between sectors attract more foreign technological
activities. The estimation of a pooled count data model shows that this is the case. However,
it applies only to regions characterized by a high overall technological strength. This finding
suggests that related variety facilitates technological diversifications of foreign corporations
in regions at the top of the geographic hierarchy within host countries.
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1. Introduction

The internationalization of research and development (R&D) has increased exponentially
worldwide over the last two decades. Within the European Union (EU), Germany has
attracted most technological activities by foreign firms in absolute terms since the 1970s
(Cantwell and Piscitello, 2002). According to recent evidence Germany’s share in the EU
continued to grow (2001-2009), while the corresponding shares of the UK and France
declined (IWH et al. 2013). Within the EU, Germany is also characterized by the highest
cross-regional dispersion of foreign technological activities (Cantwell and lammarino, 2001;
Cantwell and Noonan, 2002). Despite Germany’s success in attracting foreign technological
activities, the determinants of this particular sub-national dispersion received little attention
so far.

This seems to be an important omission, since sub-national economic geography receives
increasing attention in research on location behaviour of multinational enterprises (MNEs)
(see for example McCann and Mudambi, 2005; McCann, 2011; Beugelsdijk and Mudambi,
2013). There is a recent surge in research on MNEs’ sub-national location choice (Crozet et
al., 2004; Barrios et al., 2006; Basile et al., 2008; Mariotti et al., 2010; Gauselmann and
Marek, 2012; Marek 2012). In contrast, most empirical investigations on internationalization
of corporate technology use a national level of analysis. These studies suggest that access to
markets, R&D and human capital in host countries are the main location drivers for foreign
R&D and innovation (see Hall, 2011 for an overview).

Yet the technological accumulation approach towards the growth of the MNE (Cantwell,
1989; 1995) suggests that the location of MNEs’ technological activities depends upon the
interrelationship between their corporate strategy and location specific characteristics.
Drawing on the literature dealing with the spatial organization of R&D (Malecki, 1985;
Howells, 1990) as well as the geography of innovation (Feldman, 1994; Audretsch and
Feldman, 1996), it is assumed that geographical proximity, localized knowledge spillovers,
and agglomeration externalities are relevant factors to explain the location pattern of
technological activities of MNEs.

Earlier research on MNEs’ European R&D networks suggests the existence of a geographical
hierarchy of regional centres within and across countries (Cantwell, 2000; Cantwell and
lammarino, 2001; 2003). The assumption is that regional agglomerations of knowledge
attract foreign investors in technological activities to a different extent and with a different
sectoral spread, depending upon the position of the region in the geographical hierarchy
(Cantwell and lammarino, 1998; 2000). Only few studies (Cantwell and Piscitello, 2005; 2007)
investigate the effect of spillovers and externalities on the location of foreign technological
activities at the sub-national level directly. These studies concentrate on the role of
Marshall-type externalities associated with the spatial concentration of technologically
specialized firms, Jacobs-type urbanization economies associated with the co-presence of
firm in different fields of research as well as science-technology spillovers.




Drawing upon evolutionary economic thinking this paper contributes to the research on the
spatial distribution of foreign technological activities by focusing on the role of related
variety between sectors as source for location bound externalities. Recent contributions in
evolutionary economic geography discuss the importance of cognitive proximity between
actors for fruitful knowledge creation and interactive innovation processes (Boschma, 2005;
Nooteboom, 2000). Related variety refers to the complementarity of capabilities of different
sectors, which allows a recombination of knowledge and technology and supports economic
development through interactive learning (Frenken et al., 2007). Applied to the regional
context, one can assume that it is not only technological diversification or specialization in a
region that matters per se for knowledge externalities, but the presence of a number of
technologically related sectors in the sense of related variety (ibid).

The role of relatedness has also been considered in the literature on the interconnection
between internationalization, technological diversification and competence creation at the
firm level (Patel and Pavitt, 1997; 1998; Piscitello, 2000; Cantwell and Piscitello, 2000; 2014).
Building upon the competence based theory (Richardson, 1972; Winter, 1988; Teece et al.
1994a; 1994b, Chandler et al., 1998), in which the firm is perceived as an institution that
constructs internal learning processes in the form of evolutionary experimentation, it has
been suggested that firms benefit from the dynamic economies of scope that derive from
the technological complementarities between related fields of activities, and the
complementarities between related paths of innovation or corporate learning in spatially
distinct environments (Cantwell and Piscitello, 2000).

Therefore, we propose that related variety between sectors of a given region of a host
country generates location bound externalities that contribute to explain the sub-national
spatial distribution of foreign technological activities within a given host country. Whereas, a
diversified but unrelated technological structure of a given region might offer important
urbanisation economies and inter-industry spillovers, it is related variety of technological
activities between sectors of a given region that should foster corporate technological
diversification abroad. Using Patent Cooperation Treaty (PCT) applications as well as
applications to the European Patent Office (EPO) with at least one German inventor, this
paper adapts existing approaches (Breschi et al., 2003; Canter and Meder, 2009) to measure
the degree of related variety of technological activities between sectors for 96 regions in
Germany (1996-2009). Controlling for other sources of externalities and sector specific
effects, we test whether the presence of technologically related sectors contributes to
explaining the spatial dispersion of foreign technological activities within Germany. We
identify foreign technological activities by applying the cross-border-ownership concept to
the selected PCT and EPO patent applications.

The paper is structured in the following way: Section 2 provides the theoretical background.
In section 3 we present the dataset and descriptive statistics. Section 4 introduces the
econometric approach and the measures for agglomeration economies. Section 5 presents
the estimation results. The final section presents the conclusions.




2. Theoretical background

Theoretical approaches to economic geography explain the uneven distribution of economic
activities in originally “neutral space”. The emerging paradigm of evolutionary economic
geography recombines theoretical and methodological concepts at the interface of
neoclassical, institutional and evolutionary thinking (Boschma and Frenken, 2006; 2011), and
thereby includes knowledge spillovers as an important factor in explaining regional
development. In this sense, knowledge spillovers contribute to the self-reinforcing nature of
agglomeration economies, i.e. firms in an industrially strong region stay there, attract
additional firms, and thus contribute to synergy effects.

2.1. “Traditional” sources of agglomeration economies

Agglomeration economies are typically related to Marshall (1920) and refer to industrial or
sectoral specialization. Such specialization externalities accrue not only to competitors,
suppliers and customers in production activities but also to R&D and innovation. A qualified
workforce with experience in a certain field of research and specialized firms can constitute
important inputs to the R&D process (Saxenian, 1994). For this reason, an emerging
specialized cluster of R&D activities may provide important advantages to its members and
thus sets in motion a self-reinforcing process that leads to strong spatial concentration
(Verspagen and Scheonmakers, 2004). Against this background it has been suggested that a
specialization advantage of a given region increases its attractiveness for foreign
technological activities (Cantwell and Piscitello, 2005). In fact existing research shows that a
revealed technological advantage of a region exerts a positive effect on the localization of
foreign technological activities. However, such positive effects can be offset by competitive
interaction, if specialization advantages are related to a dominant position of domestic firms
or major international rivals of potential foreign entries (Cantwell and Piscitello, 2005; 2007;
Cantwell and Santangelo, 2002; Alcacer and Chung 2007).

A second source of spillovers frequently included in empirical studies stems from the variety
associated with the presence of firms from different sectors or industries. Such spillovers
relate to diversity externalities which favour the creation of new ideas across sectors and
emerged from the concept of “urbanisation economies” (Jacobs, 1969). Innovative firms
may benefit from technological developments in industries other than their own (Devereux
et al., 2007). This makes diversified regions attractive locations for foreign R&D (Cantwell
and Piscitello, 2005). The more diverse the technological activities within the region, the
more firms can potentially benefit from it.

2.2. The tacit dimension of knowledge

Another explanation for the spatial concentration of technological activities is associated
with the nature of knowledge. While information is fairly simple to codify, this is not the case
with knowledge, owing to its tacit dimension (Cowan et al., 2000). According to Polanyi
(1966), creative acts, and in particular acts of discovery depend crucially on personal feelings




and commitment. Von Hippel (1994) argues that ”sticky knowledge” cannot be transferred
at insignificant cost.

Geographical distance hinders the exchange of tacit knowledge (Feldman, 1994; Audretsch
and Feldman, 1996; Jaffe and Trajtenberg, 1996). Cantwell (1989; 1995) holds that
technological knowledge is not perceived as an immediately usable intermediate input, but
rather as an input into the collective learning process of the firm by which tacit competence
is generated. Therefore, MNEs need to be on site with their own production and innovation
activities if they are to benefit from the latest advances in geographically localized
technological developments (Cantwell, 1989; Kogut and Chang, 1991).

2.3. Science industry spillovers

The efforts of firms to advance technology are not created in isolation, but are strongly
supported by public research centres, universities, industry associations, an adequate
education and science infrastructure (Kline and Rosenberg, 1986; Nelson, 1993; Rosenberg
and Nelson, 1996; Nelson and Rosenberg, 1999; Breschi 2000).

The system of innovation approach (Edquist, 2005), originally developed as a theoretical
concept at national level, has also been applied in the regional context, emphasizing the
importance of spatial proximity if the synergy effects in the innovation process are to occur
(Cooke, 1992; Asheim and Gertler, 2005). There is growing empirical evidence that such
science-industry spillovers tend to be spatially bounded (Jaffe et al., 1993; Audretsch and
Feldman, 1996; Cantner and Graf, 2006; Fritsch and Slavtchev, 2007). This could be
especially true for multinational firms, which tend to have a greater degree of mobility when
locating their corporate research, and so, for example, pay greater attention to being close
to relevant public research facilities (Gorg and Strobl, 2003). Cantwell and Piscitello (2005)
find that R&D employment in the public sector and the educational base within regions, as
well as in adjacent regions, constitute significant pull factors for foreign technological
activities.

2.4. Related variety

The seminal work of Glaeser et al. (1992) deals with an investigation of "Marshall” versus
“Jacobs” hypotheses and provides evidence that knowledge spillovers are driven by
diversification. It is important to note in the context of our research focus, that this form of
region specific diversification does offer potential for inter-industry spillovers or urbanization
economies, but it constitutes unrelated variety. Corresponding measures used in empirical
research on the sub-national distribution of foreign technological activities do not account
for the relatedness of activities between sectors of a given region.

Yet recent contributions in evolutionary economic geography discuss, apart from spatial
proximity, the importance of cognitive proximity between actors for fruitful knowledge
creation and interactive innovation processes (Boschma, 2005; Nooteboom, 2000). This
means that creative interactions and knowledge flows are most likely to occur when actors




are technologically neither too far apart nor too close. Applied to the regional context, one
can assume that the presence of related industries is an important source of knowledge
externalities, since a higher number of related industries, rather than simply different
industries, increases the opportunities for interaction and knowledge flows (Frenken et al.,
2007). Thus, related variety refers to the complementarity of capabilities of different sectors
which allows a recombination of knowledge and technology and supports economic
development through interactive learning (ibid). With the increased complexity of
technology, the interaction between industries becomes more and more important, and in
the light of evolutionary economic geography the interaction of technologically related
industries is of considerable importance (Breschi et al., 2003; Frenken et al., 2007).

The concept of relatedness is also associated with earlier research on corporate
diversification strategies, which was initially focused upon diversification into product
markets related to firms’ existing profiles of competencies (Piscitello, 2000), which facilitates
the generation of economies of scale and scope (Chandler, 1990). Later this rationale was
extended to the diversification of firms’ technological competencies (e.g. Granstrand and
Sjolander, 1992; Granstrand et al., 1997; Pavitt, 1999). Here it is suggested that firms do not
diversify in a random way. A firm’s engagement in technological fields does not change
rapidly but is characterized rather by a degree of robustness (Teece et al. 1994a; 1994b).

Operating within environments of converging or increasingly interrelated technologies, large
firms are seen to accumulate and maintain a much broader technological base thereby
becoming multi technology corporations (Granstrand and Sjolander, 1992). It has been
suggested that the association between corporate technological diversification and
internationalization has been the outcome of more closely integrated MNE networks
(Cantwell and Piscitello, 2000). International diversification of MNEs creates value through
the development of internationally interdependent structures that connect a range of
complementary activities (Cantwell, 2009). Thus, we would expect to observe diversification
into related assets and the establishment of patterns of corporate coherence (Rumelt, 1974;
Teece et al.,, 1994a;1994b, Piscitello, 2004). This perspective can be applied to corporate
asset-seeking activities that become locally competence creating, in case MNEs are
undertaking international investments as a means of developing new structures of
relatedness between in-house activities (Cantwell, 2009).

In sum, these theoretical considerations would suggest that regions characterized by a high
degree of technological related variety between sectors are more likely to attract foreign
technological activities than others. So far only Cantwell and Noonan (2002) analysed the
determinants of spatial distribution of foreign technological activities in Germany (1969 —
1995). They found limited evidence that localized specialization advantages, associated with
domestic firms, attract foreign technological activities and suggest that interaction within
regions primarily takes place mainly between actors in separate fields of specialization. The
authors conclude that technology interaction between firms will only be demonstrated by
acknowledging the role of technological complementarity (or relatedness) between sectors.
This paper sets out to investigate this hypothesis.




3. Data and descriptive statistics

We identify foreign technological activities by applying the “cross-border-ownership”
approach to patent applications (Guellec und van Pottelsberghe de la Potterie, 2001; OECD,
2009). It assumes a case of internationalization if at least one inventor of a patent
application resides in a country different from the applicant’s country of residence. Since we
focus on ‘inward’ foreign technological activities in Germany, this study is based on patent
applications with at least one applicant residing abroad and at least one inventor located in
Germany (FAGI). Although this approach does not allow to account for the ultimate
corporate ownership of a patent application, it has been demonstrated that in most cases
patents with a foreign applicant and a domestic inventor correspond to inventions created
by local MNEs’ research laboratories and applied for by the company headquarters located
abroad (Guellec und van Pottelsberghe de la Potterie, 2004; OECD, 2009).

The cross-border-ownership approach has largely been applied in studies at country level
(e.g. Guellec und van Pottelsberghe de la Potterie, 2004; Erken und Kleijn, 2010; Dachs und
Pyka, 2011). To the best of our knowledge, this is the first application at a regional level of
analysis by exploiting information on the sub-national location of the inventor. The sample is
drawn from the OECD REGPAT Database (Edition January 2012) which allows a
regionalization of the patent data. The sample is composed of Patent Cooperation Treaty
(PCT) applications as well as applications to the European Patent Office (EPO) with at least
one applicant located in a foreign country and at least one inventor located in one of the 96
German planning regions (RORs)®. Patent applications have a priority year between 1996 and
2009. The sample includes all PCT and EPO applications, which have not been transferred to
the European phase of a PCT application to eliminate double counting (Frietsch et al., 2010).
This way we identify patent families with at least one PCT or EPO application.

The key construct of our analysis - related variety - refers to the complementarity of
capabilities of different sectors which allows a recombination of knowledge and technology
(Frenken et al., 2007). Therefore, we need to identify technological activities within different
sectors. The main barrier is that patent data are organised by technical characteristics
according to the International Patent Classification (IPC) while economic data are
categorised according to industry classification systems. To solve the matching problem
different approaches have been developed (Verspagen et al. 1994; Kortum and Putnam,
1997; Johnson 2002; Schmoch et al. 2003; Lybber and Zolas 2014). We follow Schmoch et al
(2003) whobuild a concordance between IPC and industrial sectors (NACE or ISIC) based on
patenting activities of manufacturing firms. This way we reclassify the patent applications in
our sample into 22 NACE (Rev. 1.1) 2-digit level industrial sectors. Lybber and Zolas (2014)
review the different approaches and conclude that Schmoch et al. (2003) enables a
concordance reliable for our level of aggregation of industries and for the time period we

1Planning regions (Raumordnungsregionen) are functional regional units based on commuting data. They are
more suitable for spatial analysis of economic activities than purely administrative classification. The size of the
planning regions is between NUTS2 and NUTS3 level.




consider. As a result we can approximate total and foreign technological activities within 22
manufacturing sectors in 96 German regions. Moreover, this approach allows us to take
account of other industry sector-specific variables in our analysis.

Now we turn to a first descriptive analysis of foreign technological activities in Germany
during the observation period. The corresponding measure is the total number of patent
applications with at least one foreign applicant and at least one German inventor (FAGI). We
can show that this indicator more than doubled between 1996 and 2009 (see Table 1).

Table 1: Patent applications with at least one foreign applicant and at least one
German inventor (FAGI) in Germany 1996 to 2009

Variation

Priority Year FAGI total FAGI min. FAGI max FAGI mean coefficient
1996 2089.23 0.00 178.26 21.76 1.66
1997 2318.48 0.00 206.07 24.15 1.72
1998 2946.92 0.00 295.97 30.70 1.77
1999 3223.74 0.00 256.06 33.58 1.67
2000 3603.69 0.50 261.52 37.54 1.54
2001 3732.02 0.00 327.78 38.88 1.61
2002 4007.80 0.00 415.34 41.75 1.63
2003 4398.04 0.33 523.40 45.81 1.73
2004 4469.72 0.00 467.37 46.56 1.58
2005 4876.88 0.00 434.57 50.80 1.62
2006 4736.27 0.00 398.48 49.34 1.54
2007 5044.30 0.00 503.34 52.54 1.56
2008 4682.97 0.00 456.08 48.78 1.58
2009 4381.47 0.00 410.46 45.64 1.47

Source: OECD REGPAT (Edition January 2012). Own calculations.

Over time, not only the total number of patent applications increased, but also the range
between minimum and maximum values across all 96 planning regions in Germany.
Together with the large, virtually stable variation coefficient, this points to a persistent
heterogeneity of foreign technological activities across German regions.

Figure 1 presents a graphical presentation of the distribution of patent applications with at
least one foreign applicant and at least one German inventor across the regions in the year
2009. Foreign technological activities seem to be concentrated in the southern and south-
western parts of Germany, in particular in Munich, Stuttgart, Rhine-Main and Hochrhein-
Bodensee. Each of these regions hosts more than 5 per cent of the total foreign
technological activities in Germany (measured in terms of FAGI). Another eight regions in
different geographic areas account for shares of between 2 and 5 per cent, and a further 12
regions have shares between 1 and 2 per cent. Each of the remaining 72 regions accounts for
less than 1 per cent of total foreign technological activities.

Thus we find foreign technological activities to be spatially dispersed with a persistent
pattern over time. Regions in the north and the east of Germany, with a few exceptions,
account for comparatively little foreign technological activities. Most of the activities are
concentrated in the highly industrialized southern and south-western regions of Germany.
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Figure 1: FAGI patent applications per planning region (ROR) in % of total FAGI patent
applications in Germany, 2009

Figures in percent

E up to 0.1 percent

|:] between 0.1 and 0.5 percent
- between 0.5 and 1.0 percent
- between 1.0 and 2.0 percent
- between 2.0 and 5.0 percent
- more than 5.0 percent

Source: OECD REGPAT (Edition January 2012). Own calculations.
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4. Econometric approach

4.1 Specification of the econometric model

Our dependent variable is defined as the annual number of patent applications with at least
one foreign applicant and at least one German inventor for each of the 22 manufacturing
sectors in each of the 96 planning regions in Germany (1996-2009). This corresponds to a
total of 29,568 observations. In the process regional disaggregation we use fractional counts.
In case there is more than one German inventor on a given patent application, and these
inventors reside in separate German planning regions, we assign the patent application
proportionally to the corresponding regions. Thus our dependent variable is a fractional
count variable.

The frequency distribution of the dependent variable is extremely skewed to the left,
suggesting the use of a count data model. This type of model assumes integer variables. For
this reason, we need to transform fractional counts into integers by rounding up. This
transformation increases the mean of the dependent variable (see Annex Table Al), which
may result in an overestimation of the effect of the explanatory variables. In order to take
this into account, it is necessary to restrict the interpretation of estimation results to the sign
and the size of the coefficients instead of the coefficients themselves.?

Since the variance (43.42) of the transformed dependent variable substantially exceeds its
mean (2.54) (see Annex Table Al), the econometric approach needs to account for the over-
dispersion. Therefore, a negative binomial regression model is used instead of the standard
Poisson model. This model is an “extended” Poisson model that allows for individual
unobserved effects and thus captures the source of over-dispersion (Winkelmann and Boes,
2006). A Voung test of excess zeros shows that no zero inflation of this model is necessary.3

In addressing the problem of endogeneity, different strategies are used to capture potential
sources of the relationship between explanatory variables and the error term.* Firstly, the
pooled binomial model is estimated with robust standard errors allowing autocorrelation,
relaxing the usual requirement of independence.’ Secondly, the explanatory variables enter
the model with a time lag of one year.°®

To mitigate the problem of potential spatial correlation a functional definition of regions is
used instead of purely administratively defined units (Eckey et al., 2006). However, the
problem might still occur. In fact, figure 1 indicates the existence of regional clusters of

? We estimate a tobit model for the unrounded data to check the robustness of our results (see Annex Table
A4). The coefficients of the tobit model are similar, but (as expected) the model fit is rather poor.

® For coefficients of the zero inflated model and the test result see Annex Table A4.

* An alternative to address endogeneity is to use instruments for the potentially endogenous variables. Yet we
could not find a strong instrument in the available dataset. In addition, the problem might not be limited to one
covariate only, which would make it necessary to find instruments for all key variables.

> Another way of capturing the influence of omitted variables is to apply a fixed effects panel model (Allison
2009). As a robustness check, we estimate a fixed effects binomial regression model (see Annex Table A4).

® Variation in the lag structure leads to similar coefficients (see results of 5-year lag in Annex Table A4).
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foreign technological activities — or potential spatial correlations between neighbouring
regions. The results of the Morans | tests also point to spatial autocorrelation of the
dependent variable (see Annex Table A2). However, the coefficient of Morans | is always
close to zero, indicating that spatial dependency is very weak. Nevertheless, spatial lags of
our key explanatory variables are included in all specifications.

In addition, a nonlinearity of the influence of technological specialization on the dependent
variable was found. Presumably, the relevance of externalities related to technological
specialization varies depending on the R&D intensity of the sector in question (Castells and
Hall, 1994; Almeida and Kogut, 1997). In order to capture this influence, an interaction term
is included consisting of a dummy for high-tech manufacturing sectors’ and specialization on
the basis of the number of patents.

The pooled binomial regression model can be expressed as follows:

FAGI, =exp(X, B+, .

FAGI denotes the number of patent applications with at least one applicant located abroad
and at least one inventor located in Germany in region i and sector j over the time period
1996 to 2009, where i=1,..,96 regions and j=15,..,36, the NACE code of the 22
manufacturing sectors. Vector X contains the explanatory variables described below; 8
denotes the coefficients vector and € the individual error term.

Vector X in our model specification (1) contains agglomeration measures for sectoral
specialization of technological activities, diversification of technological activities across
sectors and the science and education infrastructure as key explanatory variables. In
specification (2) and (3) we add measures for related variety of technological activities
between sectors instead of diversification measure (see chapter 4.2 below for definition of
all agglomeration indices used in this analysis).

We further control in all specifications for the cumulative number of prior patent
applications with at least one German inventor to capture the path-dependent and
cumulative nature of technological activities. Furthermore, we use a set of control variables
commonly applied in the literature of multinationals’ sub-national location choice (Crozet et
al., 2004; Barrios et al., 2006; Basile et al., 2008; Mariotti et al., 2010 etc.), which includes:
the share of highly qualified employees as a proxy for sector specific human capital, the
business tax rate as a proxy for regional location costs, the quality of transport infrastructure
measured as journey time to the next motorway, an index of the quality of healthcare
system as a proxy for quality of life, the size of the region, and a dummy for regions that host
the capital of the federal state.® Finally, dummies for sector, year and federal state are
included. The error term & captures individual unobserved heterogeneity.

’ The definition of high-tech sectors corresponds to the OECD classification (Hatzichronoglou 1997).
® For a detailed overview of variables and operationalization see Annex Table A3.
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4.2. Measures for agglomeration economies

In order to capture sector specific specialization externalities of technological activity, we
use the revealed technological advantage index (RTA), a concept developed first for the
country level (Soete, 1987) and later adapted to company patterns (Cantwell, 1989; Patel
and Pavitt, 1991). It measures the relative specialization of a region in terms of the relation
between the sectoral output in a specific region and the output of this region in general. It
controls for inter-sectoral and inter-regional differences in the propensity to patent. In our
case the RTA index is calculated on the basis of the number of patent applications with at
least of German inventor for each year. The RTA index can be written as follows:

e - ful 2P

DIV

P denotes the number of all patent applications with at least one German inventor. The
indices denote the sector (i), region (j) and year (t). Values of RTA>1 suggest that a region is
comparatively specialized in a sector of activity in question relative to other regions,

whereas values of RTA<1 are indicative of a position of comparative disadvantage.

Following Basile et al. (2012), this paper uses the median location quotient (MLQ) as a
measure of externalities related to diversification of technological activities across sectors of
a region. The MLQ can be written as follows:

P./)> P
with LQ. :”—Zf”

' Z/Pijt /Z/jpift ’

where MLQ is the regional median of location quotient LQ over the manufacturing sectors

MLQ’t — LQit,J/Z + LQit,J/2+1

(J=22). The location quotient is calculated on the basis of the number of patent applications
with at least one German inventor P in sector i and region j in year t. It expresses the relation
between the regional output in a specific sector and the output of this sector in general.
Contrary to RTA, it gives an impression on the importance of a region for a special sector.

The median MLQ” is a measure of the number of sectors for which a region plays an

important role: a high median indicates that a region has a comparative advantage in a large
number of sectors, and is therefore diversified, whereas a low median means that a region is
not diversified.

It is important to note that the indices of specialization and diversification follow different
concepts. Whereas the RTA index relies on Marshall’s theoretical consideration of intra-
industry externalities, the MLQ index follows the Jacob’s concept of inter-industry
externalities. A high RTA means that a sector within a region is specialized relative to other
regions, whereas, a high MLQ indicates that a region has a comparative advantage in a large
number of sectors, and therefore is diversified.
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We adapt an existing approach to measure externalities of related variety, which considers
relatedness to be an ex ante phenomenon and points to the underlying scientific or
engineering principles as indicating the degree of relatedness between technological
activities (Breschi et al., 2003). This approach has already been used to capture sub-national
patterns of technological relatedness (Cantner and Meder, 2009). Building upon this
approach, we first identify technological activities within different sectors of a region by
employing the concordance between International Patent Classification, technological fields
and industrial sectors (see section 3 for a more detailed discussion). Second, we count for all
possible pairs of manufacturing sectors, the joint occurrences as indicated in the patent
documentation. For this step, we use all available patent information, i.e. information on all
patents with at least one German inventor for the whole observation period (1996-2009).
The information is summarized in a symmetrical co-occurrence matrix. Third calculating the
cosine index of all elements of the matrix, results in a sector specific measure of similarity
that is independent of the absolute size of a sector, the matrix of knowledge relatedness s:?

22
S ... S
:.]'1 u chxckx

S=| ¢ . |withelements s, =

22 22
e S 2 2
J1 J : ,ij Ckx
x=1 x=1

The elements sj of the matrix express the similarity of two sectors in terms of their mutual
relationship with all other sectors; cji denotes the number of patents classified in both
sectors jand k.

In the next step an index is generated that expresses the relatedness of technological
activities between sectors at regional level. For this, the joint share of patenting activities for
all possible pairs of sectors per region and year is identified. This regional co-occurrence is
combined with the general knowledge relatedness by element-wise multiplication of both
matrices. Summing up all elements of the resulting matrices, one obtains the regional
specific related variety (RRV):

RRV, iip’” Pic 4 ¢ Sy -

j=1 k=1 Pi

The RRV index is a measure of the strength of relatedness of technological activities between
the sectors within a region. It does not, however, take into account the underlying size of the

° Relatedness of technological activities between sectors could be viewed as an ‘absolute’ characteristic
independent of location. Therefore, ideally the general relatedness matrix should be measured using a
European or worldwide patent applications. However, in an attempt to calculate corresponding matrices we
encountered computational limitations. As an alternative approach, we computed relatedness matrices for
Great Britain, Italy and France as other European economies that attract most foreign technology. We
compared these to the German relatedness matrix and we found relatively small deviations in the relatedness
indices between selected sector pairs. The overall pattern of relatedness of technological activities between
sectors seems to be very similar across the selected countries. Given that we are interested in the spatial
variance of relatedness of technological activities between sectors within Germany, we use all patent
applications with at least one German inventor as a basis for calculating the general relatedness index.




technological activities within the region itself. In our sample we have a number of German
regions that show overall very low technological activity. If overall patenting activity is
concentrated in two sectors of a given region, which are also characterised by high
relatedness, this leads to comparatively high RRV index values, despite very low overall
technological activity within the region. Therefore, a second regional relatedness measure is
generated by multiplying the RRV index by the number of patent applications with at least
one German inventor within the region:

QKB, =In(p, ) *RRV,.
This ‘quality of knowledge base index’ (QKB) combines information on size of technological
activities with the relatedness of technological activities across sectors. The higher the index,
the higher the patent output in this region and the closer the cognitive proximity between
technological activities of different sectors within the region.

5. Estimation results

The results of specification (1) indicate that the specialization of technological activities of a
region within a particular sector (RTA) has a positive effect’®on the extent of foreign
technological activities (FAGI) within that region and sector (see Table 2). This is in line with
our theoretical proposition as well as earlier findings for European countries (Verspagen and
Schoenmakers, 2004; Cantwell and Piscitello, 2005). It is important to note that we
measured specialization advantages using all patent applications with at least one German
investor. Thus, it constitutes an overall specialization effect taking prior technological
activities of both foreign and domestic firms within the respective sector into consideration.
Attempts to differentiate between domestic and foreign specialization showed, that both
are positive but effects related to prior sectoral specialization of foreign technological
activity within the region seem to be stronger. However, the procedure to identify
ownership of patenting activities applied in this paper, does not account for corporate
ownership (see section 3). Therefore, we refrained from further investigating the
interactions between foreign and domestic firms at this stage.

Our estimation results show that relatively high number of sectors with a specialization
advantage in terms of technological activities in a given region (MLQ) has a significantly
negative effect on the total extent of foreign technological activities. This would suggest that
(unrelated) diversification of technological activities across sectors of a region has a negative
effect on the localization of foreign technological activities.

% We cannot interpret the absolute size of the coefficients, since we transform our dependent variable from a
fractional to an integer count (see chapter 4.1). Thus, we only interpret the direction of an effect. The size of
the coefficients is interpreted insofar that a larger coefficient points to a higher importance of this covariate.




Table 2 Estimation results of the negative binominal regression

(model 1) (model 2) (model g3)
VARIABLES FAGI FAGI FAGI
Specialization (RTA) 0.3753*** 0.2540*** 0.3858***
(0.0187) (0.0169) (0.0178)
Diversification (MLQ) -1.5149%** - -
(0.1047) - -
Related variety (RRV) - 0.5716 -30.2619***
- (2.7510) (2.5378)
Quality of knowledge base (QKB) - - 5.2721%**
- - (0.3167)
Interaction term (high tech * RTA) 0.2078 0.3886*** 0.3303**
(0.1313) (0.1455) (0.1322)
Science & education infrastructure (SEl) 0.0011 0.0094*** 0.0031**
(0.0013) (0.0013) (0.0012)
Prior cumulative technological activities 0.0030%*** 0.0043*** 0.0012
(0.0010) (0.0012) (0.0008)
Human capital endowment (HCE) 1.0637*** 1.3784%** 0.9242%**
(0.2538) (0.2782) (0.2382)
Business Tax -0.0015 -0.0001 -0.0022**
(0.0010) (0.0010) (0.0009)
Transport infrastructure -0.0244*** -0.0375*** -0.0237***
(0.0027) (0.0032) (0.0030)
Healthcare index 0.1534%** 0.0275 0.1402**
(0.0778) (0.0871) (0.0742)
Size 0.1303*** 0.2079*** 0.0240%*
(0.0366) (0.0438) (0.0321)
Capital 0.3157*** 0.4737*** 0.1337**
(0.0459) (0.0510) (0.0513)
MLQ neighbor regions -0.5127*** - -
(0.1288) - -
HCE neighbor regions -0.0800 0.6499 0.2786
(0.5145) (0.5544) (0.4990)
SEl neighbor regions 0.0029 0.0129%** 0.0044
(0.0029) (0.0030) (0.0030)
RRV neighbor regions - 22.1274%** 20.5423%**
- (3.6071) (5.2875)
QKB neighbor regions - - 0.0219
- - (0.4711)
Constant 1.0263* -4,7530%*** -1.3300
(0.5779) (0.5743) (0.4771)
In alpha -2.1338*** -1.9195%*** -2.1851%***
(0.1141) (0.1094) (0.1175)
Observations 29282 29282 29282
Loglikelihood -44026 -45018 -43895
Chi-square 8298 6603 88773
P-value Chi 0 0 0

Notes: Robust standard errors in parentheses; Significance at level: *** p<0.01, ** p<0.05, * p<0.1; Coefficients
for sector, federal state and year dummies are omitted in presentation. Variables are not standardized.

Source: OECD REGPAT (Edition January 2012). Own calculations.
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This finding is not in line with earlier findings from European regions (Cantwell and Piscitello,
2005; 2007). Therefore, we employed alternative measures adopted in existing research to
capture diversification effects (inverse of the coefficient of variation based on the RTA or the
inverse Herfindahl index) but the result remains unchanged (see Annex Table A4).

Our estimation results show that spillovers deriving from the science and education
infrastructure of a region (SEI) seem to have a positive effect on foreign technological
activities, which corresponds to our theoretical considerations and earlier findings in the
empirical literature (Cantwell and Piscitello, 2005; Gérg and Strobl, 2003).

In specification (2) we introduce a first measure for related variety of technological activities
between sectors of a given region. We find that the regional related variety index (RRV) has
no statistically significant effect on the extent of foreign technological activities across
German regions. However, specification (3) shows that the interaction term (QKB) of related
variety index and overall technological strength of the given region has a statistically
significant positive coefficient. The magnitude of the corresponding coefficient is relatively
high, indicating that the influence of this index is considerably stronger than that of all other
determinants included in the analysis. The coefficient for related variety (RRV) as such turns
significantly negative in specification (3). This would imply that related variety on its own has
no effect on the localisation of foreign technological activities within German regions. The
effect depends from the technological strength of the region and is positive and significant in
regions, where related variety is generated by high levels of technological activities across
sectors. From a methodological point of view, the results also indicate that the RRV index on
its own is of limited explanatory power, since it seems to be ‘inflated’ for regions
characterized by very low overall technological activity.

Specifications (1) to (3) show that the control variables are mostly significant and have the
expected sign. A significantly positive coefficient is found for the interaction term RTA and a
high-tech dummy (see specification 2 and 3), which suggests that the effect of sectoral
specialization advantages in terms of technological activities is stronger in industries with
high R&D intensity. The estimation results show also a positive effect of sector specific
human capital and of regions that host a capital of a federal state. The latter seems to
indicate the relevance of more ‘general’ urbanization externalities. In addition, we find a
positive effect of comparatively better transport™ and healthcare infrastructure across
regions. The results also indicate that relatively high regional business taxes do not deter the
localization of foreign technological activities. Finally our results indicate that spatial
correlation exists.”> We find a significantly negative effect of technological diversification of
neighbouring regions and significantly positive inter-regional effects for related variety both
in terms of RRV and QKB.

" The negative sign of the coefficient for transport infrastructure indicates that a longer journey time to the
next highway has a negative impact on the extent of foreign technological activities.
2 We exclude the spatial lag of specialization due to high correlation with other variables (see Annex Table A5).
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6. Conclusion

Whereas we witnessed a surge in investigations of the economic geography of MNEs, most
of the existing research on the internationalization of R&D and innovation focuses on
location factors at the national level of analysis. In this literature, geography is considered in
terms of home versus host country. However there is an established stream of research that
highlighted a geographic hierarchy of foreign technological activities across and within
European countries. So far this literature focused upon the interaction between foreign and
domestic firms’ technological activities and analysed how intra-industry specialization and
regional diversification affect the localization of foreign technological activities.

Our paper contributes to this literature with the proposition that regions characterised with
a higher degree of related variety of technological activities between sectors are more likely
to attract foreign technological activities than others. This hypothesis is motivated by
drawing from two theoretical considerations: First, evolutionary economic geography
proposes that knowledge exchange between different sectors is higher, if they share a
certain cognitive proximity (Boschma, 2005; Nooteboom, 2000; Frenken et al., 2007 etc.).
This type of knowledge exchange between sectors is of particular importance with increasing
complexity of technologies. Second, from a competence based view of the firm, it has been
suggested that firms expand technological competencies in a path dependent manner by
experimenting with new technologies in spatially distinct environments that are related to
their existing technological profile (Teece et al. 1994a etc). This possibly explains increasing
interconnection between firms internationalization, technological diversification and
competence creation over time (Cantwell and Piscitello, 2000; 2014 etc.).

We test our hypothesis at the example of the spatial distribution of foreign technological
activities across 96 German planning regions between 1996 and 2009. The choice of the
Germany seems appropriate, since it attracts most foreign R&D within the EU27 and at the
same time it is characterised by a pronounced pattern of spatial dispersion of foreign R&D.
Our evidence confirms that sectoral specialization of technological activities within a region
is a crucial factor that attracts foreign technological activities. The same holds true for
potential externalities deriving from science and education infrastructure. However, our
results show that diversification of technological activities across sectors of a region shows a
significantly negative effect on foreign technological activities. This finding is robust to
different measures of diversification and in contrast to existing evidence (Cantwell and
Piscitello, 2005). It could signal that regional diversification in terms of unrelated variety of
technological activities between sectors is of less importance to foreign MNEs.

At this point, our proposition regarding the importance of related variety calls for attention.
In fact, our estimation results show a strong and positive effect of related technological
variety on the localization of foreign technological activities. However, this is only the case
for regions that are characterized by overall technological strength. This result could be
associated with the notion of so called ‘higher-order regions’, which are more likely to
attract a broad range of domestic and foreign innovative activities as large firms and MNEs
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located there will generally try extend their established lines of specialization through intra-
firm networks (Cantwell and lammarino, 1998; 2000). However, our evidence would indicate
that it is related variety rather than unrelated variety that facilitates corporate technological
diversification in such higher-order regions. Thus, foreign actors are attracted by sectoral
specialization advantages in areas of relevance to their activities. In addition, they attach a
relatively high value to complementarity of capabilities of different but related sectors which
allows a recombination of technology facilitated by cognitive proximity.

It should be noted that our findings are based on an empirical approach that combines
region and sector specific characteristics with a purely patent based indicator to identify
foreign technological activities. In order to advance research on the role of related variety, it
would be necessary to scrutinize the interaction of foreign firm specific technological profiles
with location specific technological endowment factors. Thereby, location choice could be
investigated at the firm level taking into account different technological strategies of
international corporations.
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Annex

Table A1: Original and transformed FAGI, pooled for the observation period 1996-2009

Original FAGI FAGI transformed
(fractional counts) (integers)

No. of cases 29,568 29,568
Minimum 0 0
Maximum 215.55 216

Mean 1.84 2.54
Variance 44.02 43.42
Skewness 11.44 11.60

Table A2: Results of the Morans | test for spatial correlations of FAGI in neighboring regions; test
based on the standardized neighborhood matrix

Year Morans | E(l) z-statistics  p-value
1996 0.001 -0.000 0.558 0.288
1997 0.000 -0.000 0.177 0.430
1998 0.001 -0.000 0.356 0.361
1999 0.002 -0.000 1.048 0.147
2000 0.001 -0.000 0.507 0.306
2001 -0.000 -0.000 0.091 0.464
2002 0.001 -0.000 0.678 0.249
2003 0.002 -0.000 0.801 0.211
2004 0.001 -0.000 0.482 0.315
2005 0.002 -0.000 0.816 0.207
2006 0.003 -0.000 1.121 0.131
2007 0.001 -0.000 0.681 0.248
2008 0.002 -0.000 0.958 0.169
2009 0.002 -0.000 0.932 0.176

Notes: Due to capacity restrictions of STATA, the test cannot
be applied to pooled data and is therefore executed
for yearly data.

Test results on the basis of the weighting matrix
based on Euclidian distances between the regional
capitals are very similar, and are therefore omitted.




Table A3: Variables used in the binomial regression model

Variable

Measurement

Source

Dependent variable

Foreign technological
activities (FAGI)

Key explanatory variables
Related variety (RRV)

Related variety (QKB)

Specialization (RTA)

Diversification (MLQ)

Science & education
infrastructure (SEIl)

Control Variables
High Tech*RTA index

Cumulative causation

Human capital endowment
(HCE)

Business tax
Transport infrastructure
Healthcare index

Size
Capital
SEl neighbor regions

HCE neighbor regions
MLQ neighbor regions

Sector

Federal states

Year

Number of patent applications with at least one
foreign applicant and at least one German inventor
per planning region and sector (NACE Rev. 1.1, 2-
digit level) and year

See chapter 4.2.
See chapter 4.2.

Revealed technological advantage (RTA) Index of
region, sector and year (basis: all patent applications
with at least one German inventor)

Median location quotient (basis: all patent
applications with at least one German inventor)

Number of students in higher education per 1,000
inhabitants of the region

Interaction term of RTA index with a dummy for
high-tech industries

Cumulative prior number of all patent applications
(with at least one German inventor)

Share of highly qualified employees in the total
number of employees with sector specific
qualification in the region

Business tax rate of the region
Journey time by car to the next motorway

Number of doctors and hospital beds related to the
number of inhabitants per region

Log size of region in square kilometres

Dummy for the capital (federal state) in the region
Average SEI of neighboring regions

Average HCE of neighboring regions

Average MLQ (basis: all patent applications) of
neighboring regions

Dummies for NACE Rev. 1.1 2 digit level NACE 15-35
(NACE 36 as reference)

Dummies for 16 Federal States (reference:
Mecklenburg-Vorpommern)

Annual dummies 1997 — 2009 (reference: 1996)

OECD RegPat database;
own calculations

OECD RegPat database;
own calculations
OECD RegPat database;
own calculations
OECD RegPat database;
own calculations

OECD RegPat database;
own calculations

INKAR database

OECD RegPat database;
own calculations

OECD RegPat database;
own calculations

INKAR database

INKAR database
INKAR database
INKAR database

INKAR database
own calculations
INKAR database
INKAR database
INKAR database

own calculations

own calculations

own calculations

Note: All variables are available yearly; dependent variable: 1996-2009; explanatory variables 1995-2008.
INKAR database = Indicators and maps on spatial development in Germany and Europe (provided by the
Federal Institute for Research on Building, Urban Affairs and Spatial Development, Germany)
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Table A4: Robustness check of the estimation results

Robustness check (Model 3)

Alternative definitions of
diversification (Model 1)

Inflated Tobit Fixed Effects 5-year Inv. Variation  Herfindahl
NegBin lagged cov. coefficient index (Inv.)
VARIABLES FAGI FAGI FAGI FAGI FAGI FAGI
Specialization (RTA) 0.3827*** 0.4091** 0.0640*** 0.4015*** 0.2472%*** 0.2585***
(0.009) (0.175) (0.015) (0.017) (0.017) (0.017)
Interaction term (high tech * RTA) 0.3302*** 2.0964 0.6504*** 0.2362* 0.4352%*** 0.3862***
(0.021) (2.130) (0.035) (0.122) (0.145) (0.147)
Diversification - - - - -0.0713%** -0.4371
- - - - (0.013) (1.478)
Related variety (RRV) -30.2591*** -27.9721* -7.6367*** -30.6344*** - -
(0.887) (16.358) (1.161) (2.318) - -
Quality of knowledge base (QKB) 5.2713*** 4.3258 2.6495*** 4.9951*** - -
(0.109) (3.030) (0.185) (0.267) - -
Science & education infrastructure 0.0031*** 0.0018 -0.0003 0.0059*** 0.0090*** 0.0080***
(SEI) (0.001) (0.005) (0.001) (0.001) (0.001) (0.001)
Prior cumulative techn. activities 0.0012*** 0.1210*** 0.0034*** 0.0012 0.0038*** 0.0044***
(0.000) (0.026) (0.000) (0.001) (0.001) (0.001)
Human capital endowment (HCE) 0.9241*** 5.0026*** 0.7890*** 1.0579*** 1.3186*** 1.3331%**
(0.073) (1.828) (0.135) (0.280) (0.270) (0.277)
Business Tax -0.0022%** -0.0075* 0.0004 -0.0030*** 0.0004 0.0001
(0.000) (0.004) (0.000) (0.001) (0.001) (0.001)
Transport infrastructure -0.0237***  -0.0488*** -0.0210%** -0.0261%** -0.0321%** -0.0349%**
(0.001) (0.013) (0.003) (0.003) (0.003) (0.003)
Healthcare index 0.1402*** 0.7012 -0.1407** 0.1329 0.0718 0.0697
(0.030) (0.438) (0.055) (0.082) (0.083) (0.080)
Size 0.0240 0.1139 -0.0235 0.0573 0.2840%** 0.2782%**
(0.015) (0.116) (0.017) (0.037) (0.047) (0.047)
Capital 0.1337*** 0.6973** - 0.1693*** 0.4403*** 0.4581***
(0.018) (0.286) - (0.051) (0.050) (0.050)
Diversification neighbor regions - - - - -1.0733%** -0.9616%**
- - - - (0.152) (0.151)
RRV neighbor regions 20.5413*** 64.5268** -3.0723 11.2216** - -
(1.845) (26.838) (1.953) (5.223) - -
QKB neighbor regions 0.0223 -1.3777 1.5852*** 0.4033 - -
(0.188) (1.700) (0.228) (0.528) - -
HCE neighbor regions 0.2788* -0.0620 2.0574*** 0.3986 0.3707 0.2685
(0.166) (2.622) (0.256) (0.591) (0.535) (0.552)
SEI neighbor regions 0.0044*** 0.0179* 0.0008 0.0078** 0.0038 0.0062**
(0.001) (0.010) (0.002) (0.003) (0.003) (0.003)
Constant -1.3306%** -3.9899** -0.2123 -0.3573 -1.9763%** -2.0677%**
(0.235) (1.951) (0.282) (0.480) (0.592) (0.589)
In alpha -2.1850%** - - -2.0475%** -1.9542%** -1.9160%**
(0.024) - - (0.135) (0.107) (0.111)
sigma - 4.8023*** - - - -
- (0.796) - - - -
Region -0.0042 - - - - -
(14155.215) - - - - -
Sector 0.0042 - - - - -
(523753.41) - - - - -
Constant inflation model -38.1888 - - - - -
(14673829.6) - - - - -
Observations 29282 29282 29282 20834 29282 29282
Loglikelihood -43895 -87496 - -32418 -44906 -45019
Chi-square / F-test 35595 24.18 2508 8433 6663 6656
P-value Chi-square / F-test 0 0 0 0 0 0
Vuongtest -0.457 - - - - -
P-value Vuongtest 0.6763 - - - - -

Notes: Standard errors in parentheses; Significance level: *** p<0.01, ** p<0.05, * p<0.1; Coefficients for sector, federal state and year dummies

omitted. Source: OECD REGPAT (Edition January 2012). Own calculations.
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Table A5: Correlation matrix

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 1
2 -0.0568 1
3 04889 -0.1917 1
4 -0,3051 0.4489 -0.0839 1
5 10,1418 -0.1547 0.0675 -0.3642 1
6 0,3606 -0.4205 0.0932 -0.8785 0.6277 1
7 01161 -0.1761 0.0311 -0.3901 0.1325 0.3442 1
8 10,8673 -0.0515 0.4062 -0.2601 0.1239 0.3258 0.1068 1
9 10,3036 -0.1254 0.4140 -0.0993 0.0651 0.1078 0.1189 0.2897 1
10 0,1117 -0.1829 0.0206 -0.3596 -0.0828 0.2844 0.4587 0.1180 0.0716 1
11 -0,1388 0.2015 -0.0281 0.4041 0.0035 -0.3361 -0.1995 -0.1187 -0.0200 -0.4324 1
12 0,0491 -0.0645 0.0171 -0.1304 0.0826 0.1292 0.3846 0.0425 0.0722 0.0210 -0.0656 1
13 -0,0156 0.0929 -0.0110 0.1659 0.0807 -0.0923 -0.2596 -0.0123 -0.0459 -0.5075 0.3426 -0.1127 1
14 10,1855 -0.0834 0.0155 -0.2257 0.1040 0.2372 0.3227 0.1614 0.1729 0.2347 -0.2259 0.1578 -0.1443 1
15 -0,1336 0.7425 -0.3044 0.2768 -0.0684 -0.2605 -0.0325 -0.1131 -0.1675 -0.1200 0.1150 -0.0265 0.0837 0.0881 1
16 -0,1731 0.3178 -0.0567 0.5959 -0.1910 -0.5723 -0.0428 -0.1579 0.0448 -0.2176 0.2096 -0.0189 0.1409 0.1675 0.4451 1
17 0,1078 -0.0951 0.0333 -0.2183 0.3431 0.3509 -0.1591 0.1177 -0.0094 -0.2491 0.1769 0.1612 0.2247 -0.1632 -0.1573 -0.4332 1
18 10,1773 -0.2864 0.0574 -0.5464 0.2789 0.6093 -0.0013 0.1892 -0.0415 0.1319 -0.1165 0.0925 -0.0622 -0.2093 -0.4050 -0.9059 0.6667 1
19 10,2182 -0.2260 0.5552 0.0212 0.0194 -0.0181 -0.0517 0.2085 0.4783 -0.0523 0.0849 0.0086 0.0593 -0.0085 -0.2680 -0.0040 0.0834 0.0275 1

20 10,0302 -0.0884 0.0065 -0.1361 -0.0607 0.1088 -0.1679 0.0539 -0.0699 0.3080 -0.2103 -0.2874 0.0387 -0.2080 -0.1936 -0.4542 0.0648 0.3523 0.0244 1

Notes: 1 — Domestic innovative activities; 2 - Specialization; 3 - Interaction term; 4 — Diversification; 5 - Regional related variety; 6 - Quality of regional knowledge base; 7 - Students per 1.000 inhabitants; 8 - cum. number of
patents; 9 - Share of highly qualified employees; 10 - Business tax; 11 - Journey time to next motorway; 12 - Health index; 13 — Size; 14 - State capital region; 15 - Specialization (neighbor regions); 16 - Diversification
(neighbor regions); 17 - Regional related variety (neighbor regions); 18 - Quality of knowledge base (neighbor regions); 19 - Share of highly qualified employees (neighbor regions); 20 - Students per 1.000 inhabitants
(neighbor regions).

Source: OECD REGPAT (Edition January 2012). Own calculations.



