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Abstract

This paper explores regional firm entry connecting insights on the role of localised
path dependency with the analysis of variety in regional sectoral structures. Using
data on 700 SIC5 industries across 174 NUTS3 regions in the UK between 2000
and 2014, we provide evidence of positive complementarities between industrial path
dependence and regional-related variety for firm entry in rooted pre-existing indus-
tries. These are negative for entry of pioneering firms in industries new to the region,
pointing to lock-in effects and the role of unrelated variety in fostering linkages and
knowledge spillovers away from established trajectories.
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1. Introduction

In this paper, we examine the process of new firm creation in the context of the ongoing
debate on how regions transform their economies through the growth of new industries
and other forms of new path development (Martin and Sunley, 2006; Boschma and
Frenken, 2012; Grillitsch et al., 2018; Hassink et al., 2019). This question has attracted
particular attention within evolutionary economic geography, where the emergence of new
industries has been described as following a path dependent process defined by the re-
latedness between new activities entering the region and its pre-existing sectoral compos-
ition (Neffke et al., 2011; Boschma and Frenken, 2012; Balland et al., 2015). Within this
stream of research, the importance of path dependence in the evolution of local industrial
portfolio has been associated with processes of regional branching underlying the develop-
ment of new industries (Neffke et al., 2011; Boschma et al., 2013; Xiao et al., 2018), as
well as entry patterns of new technologies (Essletzbichler, 2015; Rigby, 2015; Tanner,
2015). Yet, the relationship between path dependence and regional entrepreneurship is still
not clear. On one side, relatedness between new firms and regional activities may foster
knowledge spillovers underpinning new ventures. Yet, this very process may hamper
opportunities for entry away from established paths, reducing the development of new
growth trajectories (Staber, 2005).

(© The Author (2021). Published by Oxford University Press.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
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We consider these arguments in conjunction with a distinct but connected literature
exploring the role of cognitive proximity within the sectoral composition of regions in
shaping agglomeration externalities (Nooteboom, 2000; Boschma, 2005). Following this
perspective, the traditional dichotomy of localisation economies and Jacobs’s externalities
has been revisited to disentangle the impact of different forms of variety across the local
industrial structure. In particular, this strand of research has introduced the concept of
related variety to depict the idea that the co-location of different sectors sharing common-
alities and complementary competencies is conducive to knowledge spillovers underpin-
ning regional growth and innovation. Conversely, unrelated variety reflects the presence of
sectors characterised by dissimilar knowledge bases leading to less frequent, albeit poten-
tially more radical, learning processes (Frenken et al., 2007; Boschma and lammarino,
2009; Castaldi et al., 2015; Grillitsch et al., 2018). The concepts of related and unrelated
variety have recently been applied to the analysis of entrepreneurial processes, offering
some evidence of the complex yet important effects both may exert on regional firm entry
(Bishop, 2012; Colombelli, 2016; Antonietti and Gambarotto, 2018).

Here, we argue that these two views provide complementary insights for the analysis of
regional entrepreneurship. In fact, measures of industrial path dependence might not in-
form us of the level of variety within the regional sectoral structure or the dispersion of
competencies around path dependent processes. At the same time, focusing on different
layers of integration in the local knowledge base, regional-related and unrelated varieties
do not capture the cognitive distance between the industry in which new firms start up
and the rest of the regional economy. Take for instance the case of emerging green tech-
nology-based industries, whose entry has been associated with processes of regional path
dependency (Tanner, 2015; Corradini, 2019). These may grow out of a cluster specialised
in strongly related technologies such as chemical industry or material science, surrounded
by diverse industries such as finance or tourism. Alternatively, they may draw from a
wide set of engineering sectors partially related to green technologies, each one potentially
defined by more or less related activities. Both dimensions are important to explain local
entrepreneurship and should be taken jointly into account in order to provide a compre-
hensive analysis.

Accordingly, we define our analysis connecting the stream of research on industrial path
dependence with the insights on related and unrelated varieties to explore their potential
interplay for regional entrepreneurship. First, we offer novel evidence on the role of indus-
trial path dependence in regional firm entry, measured by the degree of industry related-
ness between the sector where new firms operate with respect to the existing regional
industrial portfolio. Second, we posit that the specific characteristics of variety in the re-
gional industrial base, as measured by related and unrelated varieties, may play a moderat-
ing role on the effect of industrial path dependency. Such framework is applied to the
different cases of firm entry in ‘rooted’ pre-existing industries, as well as entry of ‘pio-
neering’ firms in industries new to the region,' reflecting different dynamics of industrial
and structural change (Neffke et al., 2018).

Using a longitudinal dataset for almost 700 SICS5 industries across 174 NUTS3 regions
in the UK for the period 2000-2014, we find the entry of new firms in rooted sectors is
positively defined by industrial path dependence, while a negative effect is found for entry
of pioneering firms in industries new to the region. At the same time, such effects are
found to be moderated in different ways by related and unrelated variety. Cognitive

1 This concept is defined following Hausmann and Neffke (2019).
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proximity within related variety facilitates learning opportunities and synergies among
established activities, reinforcing the positive relationship between industrial path depend-
ency and firm entry in rooted sectors. On the contrary, unrelated variety fosters connec-
tions between more distant knowledge, counterbalancing negative effects of industrial path
dependence and supporting the emergence of pioneering firms operating in sectors new to
the region. These relationships are shown to be heterogeneous across industries based on
their knowledge intensity. In addition, we demonstrate that these results are robust to dif-
ferent methodologies and sensitivity tests.

The paper is organised as follows. In the next section, we present the theoretical frame-
work for this study, combining insights on industrial path dependence with the literature
on regional variety and entrepreneurship. The third section presents data and methods
used in the econometric analysis. Results are reported and discussed in the fourth section.
The fifth section concludes with implications of the study and some final remarks.

2. Literature review and theoretical framework

Regions have long been discussed as nodes of social connectivity facilitating knowledge
exchange and information flows through the set of industrial interdependencies (Camagni,
1991; Storper, 1997; Bathelt and Gliickler, 2003). These interactions define localised asso-
ciative capabilities that underlie the emergence of knowledge spillovers and processes of
new knowledge creation through collective learning (Asheim, 1996; Capello, 1999; Cooke
and Morgan, 1999). Within these flows of localised knowledge spillovers there are also
entrepreneurial opportunities (Feldman, 2001; Kwon and Arenius, 2010). The role of spa-
tial proximity for new firm creation is formalised in the knowledge spillover theory of
entrepreneurship (Audretsch and Lehmann, 2005; Acs et al., 2013), where entrepreneurial
opportunities are defined as a function of localised knowledge created but left untapped
by incumbent firms. This knowledge may be then recombined into new firms by other
embedded actors, with human capital available in the region representing a key source of
entrepreneurial absorptive capacity (Qian et al., 2012). The sources of entrepreneurial
dynamism are not confined within regions, and may be also influenced by extra-regional
inflows of knowledge, as suggested by the literature on global production networks (Coe
et al., 2008; Crescenzi and lammarino, 2017) and recent contributions in economic geog-
raphy (Isaksen and Trippl, 2017; Hassink et al., 2019; Neffke et al., 2018).

These perspectives connect processes of new firm creation to established insights on the
role of spatial proximity for the acquisition and diffusion of tacit knowledge, whose nature
is highly localised (Gertler, 2003). At the same time, they are linked to a large body of re-
search emphasising cognitive proximity as playing an important role for identifying value
of untapped knowledge, and reducing uncertainty and transaction costs in knowledge
transfer (Nooteboom, 2000; Boschma, 2005). Accordingly, relatedness between skills and
knowledge bases leads to a wider set of opportunities for interactive learning and a more
effective transmission of knowledge spillovers (Boschma, 2017). These insights have been
connected to a view of innovation as a process of knowledge recombination (Weitzman,
1998; Fleming, 2001), considering regional technological change and entrepreneurship as
the outcomes of new combinations between related and cognitively distant activities
(Castaldi et al., 2015; Boschma, 2017; Colombelli and Quatraro, 2018).

Within this framework, the literature has explored two different yet connected mecha-
nisms through which cognitive proximity affects regional economic dynamics. A large
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stream of research has delved into the specific composition of the sectoral structure of
regions, to distinguish between the effects of commonalities in related industries and those
exerted by the presence of diverse knowledge bases in unrelated industries, pointing to dif-
ferent effects of related and unrelated varieties for employment and growth (Frenken et al.,
2007; Boschma and Iammarino, 2009), resilience (Boschma, 2015), as well as innovation
activities (Castaldi et al., 2015; Miguelez and Moreno, 2018). At the same time, industrial
relatedness has been identified as playing a significant role in the process of regional
branching and diversification into new growth paths (Boschma and Frenken, 2012;
Boschma, 2017). In this context, technological and cognitive proximity lead to the pres-
ence of regional path dependence in the evolution of industries, defined by the relatedness
between new sectors and the existing regional industrial structure (Neftke et al., 2011).
These perspectives should be combined in order to discuss regional firm entry as the re-
sult of the interplay between industrial path dependency and variety in the existing sectoral
structure of regions. In particular, we argue that related and unrelated varieties do not ne-
cessarily affect firm entry directly, but rather play a moderating effect on the relationship
between industrial path dependence and firm entry in rooted or in pioneering industries.

2.1. Industrial path dependency and firm entry

The literature on evolutionary economic geography has indicated how regional structural
change is significantly defined by a path dependent dimension shaped by the heterogeneity
of knowledge across regions (Martin and Sunley, 2006; Boschma and Martin, 2010). As
resources accumulate unevenly over time, they define a spatially bounded set of capabil-
ities and learning opportunities, which translates in the evolution of industries as a func-
tion of the knowledge base available in the region. This defines the dynamics of structural
change as following a branching process, where new industries grow out of related compe-
tences and skills within the pre-existing industry portfolio (Boschma and Frenken, 2012;
Balland et al., 2015). Evidence of a significant relationship between the process of region-
al branching and localised path dependency is discussed in the seminal contribution by
Neftke et al. (2011), who show the likelihood of industry entry to be defined by the know-
ledge relatedness with pre-existing industries. These findings have been corroborated by
further studies showing the effect of cohesion between related industries, as well as prod-
uct relatedness, on the link between incumbent industries and industry entry (Boschma et
al., 2013; Essletzbichler, 2015). A similar process has been found when looking at the re-
lationship between technological relatedness in the existing knowledge space and the entry
of new technologies across US cities (Rigby, 2015).

Similar mechanisms apply to firm entry. In line with the path and place dependent na-
ture of structural change discussed in this literature, new ventures can be seen as more
likely to emerge from localised spillovers related to the existing portfolio of industries
within a region. At the same time, the presence of path dependence, reflecting relatedness
between sectors where new firms emerge and the existing regional industrial structure,
may lead to core rigidity and cognitive lock-in effects (Nooteboom, 2000; Boschma,
2005), creating analogous trade-offs as those identified between exploitation and explor-
ation in innovative search (March, 1991; Fleming, 2001). This equally reflects the tension
between processes of adaptation and adaptability in regional resilience (Boschma, 2015).
In this sense, path dependency may lead to narrower search breath, reducing the set of
entrepreneurial opportunities from more distant knowledge domains. This limits the poten-
tial for entrepreneurs to bring novelty in the region, reinforcing path dependence rather
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than supporting the development of new growth paths (Staber, 2005; Hassink et al.,
2019). Accordingly, industrial path dependence may effectively reduce the likelihood of
firm entry in sectors which were not present before within the region, which we label as
‘pioneering’ firms following Hausmann and Neffke (2019). Recent studies have explored
these insights looking at the case of specific industries and the entry of green start-ups.
These suggest that new technology-based industries may arise even if unrelated to pre-
existing activities (Tanner, 2015). Similarly, they provide evidence of an inverted-U rela-
tionship between relatedness to green technologies and new start-ups in that sector, sug-
gesting that excessive path dependency limits the space for cross-fertilisation in regional
knowledge (Corradini, 2019). Generalising this evidence, Neffke et al. (2018) present a
theoretical framework where structural change is enhanced by economic agents that are
less reliant on established regional capabilities.

To summarise, industrial path dependence may allow for a more effective transmission
of knowledge and ideas along related trajectories, thereby fostering entry in rooted indus-
tries. At the same time, these very dynamics may reduce the transmission of spillovers
across a wider set of knowledge domains, hampering pioneering entrepreneurial ventures
into sectors new to the region. In line with these arguments, we put forward the following
hypotheses:

Hla: Industrial path dependence is positively related to entry of new firms in pre-existing rooted
industries.

H1b: Industrial path dependence is negatively related to entry of pioneering firms in industries
new to the region.

2.2. The moderating effect of regional variety

The effects exerted by industrial path dependence are not independent of the structure of
the regional economy. Regions characterised by related variety have been identified as
being more conducive to learning opportunities due to the presence of diverse yet close
capabilities and knowledge, providing greater adaptation along existing paths (Frenken et
al., 2007). At the same time, similarly to the discussion on industrial path dependency in
the previous section, related variety may reduce search breadth and the scope of know-
ledge spillovers, increasing the likelihood of lock-in effects within established sectors.
Conversely, unrelated variety generates more challenges in absorbing effectively know-
ledge across more ‘distant’ sectors, but also provides more adaptability to move towards
new paths and a higher breakthrough potential (Boschma, 2015; Grillitsch et al., 2018). In
line with this, Castaldi et al. (2015) have shown that unrelated variety increases the likeli-
hood of radical innovation, as the distance between knowledge domains in the region
allows for more novel recombination. Similarly, Corradini and De Propris (2015) find that
greater technological diversification improves regional combinatorial opportunities, foster-
ing the emergence of new innovators.

A few studies have recently started exploring the degree of variety in the extant industry
portfolio of regions to understand the process of new firm creation. Looking at entrepre-
neurship rates in the UK, Bishop (2012) finds that both related and unrelated varieties in
knowledge-intensive sectors exert a positive effect. At the same time, he does not find a
statistically significant effect of broader measures of diversity. Colombelli (2016) also
finds a positive effect for both regional-related and unrelated variety on innovative start-
ups. Similarly, Colombelli and Quatraro (2018) find a positive effect for both related and
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unrelated variety looking at medium and high technology new manufacturing firms, noting
the former yields a stronger effect than the latter. They also find similar effects looking at
the specific case of green start-ups (Colombelli and Quatraro, 2019). Also considering the
case of Italy, Antonietti and Gambarotto (2018) identify a positive effect for both charac-
teristics when looking at the number of new start-ups. However, only unrelated variety is
found to be significantly associated with innovative new firms.

Combining these insights with the perspective of regional firm entry as inherently
shaped by an industrial path dependent process described in Section 2.1, we argue that the
specific characteristics of regional variety affect the diffusion and identification of entre-
preneurial opportunities along the evolutionary trajectory of regional economies. Cognitive
proximity within related variety may foster knowledge spillovers and learning opportuni-
ties along established sectors, effectively reinforcing the relationship between industrial
path dependence and firm entry. However, this also hampers the likelihood of a radical
change of direction in the process of regional branching at the firm level. For opposite rea-
sons, unrelated variety may provide limited coherence for new companies arising in pre-
existing sectors. Yet, it also allows for processes of cross-fertilisation across a broader set
of more distant sectors, effectively counterbalancing the negative effect of relatedness with
pre-existing industries on the emergence of pioneering firms operating in sectors new to
the region. Accordingly, we hypothesise the following:

H2a: Related variety positively moderates the effect of industrial path dependence on firm entry
in rooted pre-existing sectors, but negatively moderates its effect on pioneering firms in industries
new to the region.

H2b: Unrelated variety negatively moderates the effect of industrial path dependence on firm
entry in rooted pre-existing sectors, but positively moderates its effect on pioneering firms in
industries new to the region.

3. Data and methods

3.1. Data and variables measurement

We employ a longitudinal dataset of almost 700 SIC5 industries across 174 NUTS3
regions in the UK for the period 2000-2014.> We retrieve information about regions’ in-
dustrial portfolio by collapsing plant-level data from the ONS Business Structure Database
(BSD) covering the entire population of plants in the UK (ONS, 2017).> The BSD data
provide information on plants’ age, ownership, employment, industrial classification at the
SICS level and postcode at the street level used to group plants by NUTS3 classification.
We consider two distinct but related dimensions of firm creation at the region-industry
level. First, we calculate No.Rooted;; as the number of new plants established every year
¢t in each region r in a pre-existing industry i. Secondly, we measure No.Pioneers;, as the

2 From this analysis we have excluded all industries in the SIC classifications 75 (Public Administration and
Defence), 80 (Education), 85 (Health and Social Work) and 90-99 (Other Community, Social and Personal
Service Activities), which follow different location motivations, other than the traditional market forces, such as
political decisions or public services provision. Additional robustness tests performed including all industries are
consistent and available from the authors upon request.

3 The annual BSD dataset is a live register of data based on the annual abstracts from the Inter-Departmental
Business Register (IDBR), accessed through the UK Data Service and collected by HM Revenue and Customs
via VAT and Pay as You Earn (PAYE) records.
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Figure 1. Distribution of rooted and pioneer start-ups across NUTS3 regions in the UK.

Notes: Statistics based on data from the ONS BSD for the period 2000-2014. Rooted start-ups are
the logged number of start-ups in pre-existing industries per region. Pioneer start-ups are the
logged number of new firms in industries which were not present before in the region. Statistics
reported are the residuals of regressing the logged number of rooted and pioneering start-ups
against the logged level of regional population, region and year fixed effects, classified according
to the five quintiles of their distributions.

number of new businesses established each year in new pioneering industries, thus only
considering new establishments in sectors which were not present before in the region
(Hausmann and Neftke, 2019). Figure 1 reports the NUTS3 regional distribution of rooted
and pioneering start-ups conditional on the population level in the region. It is possible to
notice that rooted entrepreneurship is heterogeneously distributed across the UK, with high
levels both in urban and in rural regions, while on the contrary, pioneering entrepreneur-
ship is mostly concentrated in UK.

We estimate path dependency between industries within the same region following the
methodology proposed by Breschi et al. (2003) based on co-occurrence analysis, as semin-
ally started by Jaffe (1989) and broadly developed since (Teece et al., 1994; Hidalgo et
al., 2007; Bryce and Winter, 2009). In our case, we investigate the frequency with which
industries i and j co-locate across regions relative to all other industries. Co-occurrence
analysis measures the relatedness between two industries by assessing whether they are
often found together in the same local economic entity. The assumption made is that the
frequency by which two industries are jointly located in the same regions can be inter-
preted as a sign of the strength of their relationship, in terms of production processes
implemented, inputs of production used, technologies developed, skills required and final
markets targeted (Neftke et al., 2011; Delgado et al., 2015; Hausmann et al., 2021).

We indicate the number of co-occurrences between SIC 5-digit industries i and j across
NUTS 3-digit regions r as C;.Cj.. By considering joint occurrences in all possible pairs of
industrial classifications, we obtain a square symmetrical matrix of co-occurrences C,
whose generic cell C; reports the weighted number of times these industries are jointly
located in the same regions. This matrix of co-occurrences can then be used to derive a

measure of relatedness between industries using the cosine index S, which measures the
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angular separation between the vectors representing the co-occurrences of industries i and
Jj- As the simple correlation coefficient, the cosine index provides a measure of the similar-
ity between two industries in terms of their mutual relationships with all the other sectors,
with the advantage of being symmetric. The final measure Sj; is greater the more the two
industries i and j co-occur across the same regions”:

Zr Cir(:j”
Si = . 1
RS SREN) Sa o @

The cosine index S;; gives us a bilateral measure of relationship between two industries
i and j. However, we are interested in evaluating how an industry is related to the regional
portfolio of all industries operating in each region. Therefore, following the Neffke et al.
(2011) measure of industrial closeness, we develop a measure of industry i path depend-
ence with the rest of the region r’s industrial portfolio, PD;,, which considers the weighted
average of the cosine index between sector i and all the other industries j in region 7,
weighted by the employment share of each industry j in region ». We limit this measure
only to those sectors that are most closely related to industry i, specifically including only
industries j in the top quartile of the bilateral relatedness distribution of industry 7.

To measure the regional dimension of industrial relatedness, we follow the approach
proposed by Frenken et al. (2007), distinguishing a regional industrial portfolio in related
and unrelated varieties. Accordingly, regional unrelated variety will be indicated by the en-
tropy of the SIC 2-digit distribution, while related variety will be given by the weighted
sum of the entropy at the 5-digit level within each 2-digit classification. Formally, unre-
lated variety UV, is given by

G
1
=S Ploga(—), 2
uv ;gogz<Pg) @)

where P, is the 2-digit share given by the sum of all 5-digit shares p;. Related variety RV,
instead will be given by the weighted sum of entropy within each 2-digit sector:

G
RV, =Y P.H,, 3)
g=1
where H, is the measure of entropy given by

pi 1
ngzp—glogz 7 @)
1

4 As arobustness test, in our analysis, we use alternative measures of industrial relatedness instead of the cosine
index, such as the Teece et al. (1994) index of industrial relatedness and the Neffke et al. (2011) measure of
revealed relatedness. The use of different industrial relatedness measures yields consistent results which are
available upon request.

5 We followed this approach in order to reduce the risk of outliers and ‘noise’ arising from the bilateral relatedness
between industries which are only loosely related. We test the sensitivity of our results to this threshold by
including in different specifications all industries in the top 50th and 75th percentiles of the bilateral relatedness
distribution. Results are consistent and available from the authors upon request.
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Figure 2. Distribution of path dependency, related and unrelated varieties across NUTS3 regions
in the UK.

Notes: Statistics based on data from the ONS BSD for the period 2000-2014. Path dependency is
the measure of industrial relatedness between all sectors present in the region estimated using co-
occurrence analysis. Related and unrelated varieties measures estimated following Frenken et al.
(2007) approach. Regions classified according to the five quintiles of the variables’ distribution.

The intuition behind this is that related variety measures the variety within each two
digit class. By contrast, unrelated variety measures the extent to which a region is diversi-
fied in very different types of activity across 2-digit industry classes.®

Figure 2 presents a description of the spatial distribution of industrial path dependence,
regional related and unrelated varieties across NUTS3 regions in the UK over the period
2000-2014. It is possible to notice that path dependence is particularly high around the
main urban areas in the UK, while the related and unrelated varieties do not seem to fol-
low a similar spatial distribution, being particularly strong in UK rather than the other
countries.

3.2. Econometric methodology

In the analysis presented, we test our hypotheses by estimating the following model using
a panel ordinary least square (OLS) methodology with region-industry and year-fixed
effects’:

Yirt = ﬁo + ﬁlPDirt + ﬁzRVrt + B3Uvrt + ﬁ4PDirt X ert + ﬁSPDirt X UVrt (5)
+BeXire + bir + by + €int

In the above model, ;. represents our main dependent variables measuring entrepre-
neurial activity at the sector i (SIC5), region » (NUTS3) and year ¢ level. In our baseline
specifications, we consider two different measures: first, In(Rooted;;) measuring the nat-
ural log of the number of new plants established every year ¢ in each region » and rooted
industry #; secondly, measuring In(Pioneers;,) as the natural log of the number of new

6 Related and unrelated varieties are based on predefined hierarchical industry classifications based on main pro-
duction activities of plants. It is worth noting that some firms may produce goods in different sectors. However,
the use of granular plant level data mitigates this problem in our case, as economies of scope related to producing
very different products matter much less at the plant level than at the firm level, making the plant main sector a
reliable proxy of core competences (Neftke et al., 2011).

7 As arobustness test we have included in our baseline specifications industry-year fixed effects to control for po-
tential industrial trends. In an additional robustness check, we have lagged the independent variables up to 5 year
in respect to the dependent variables set at time z. Results are robust and available upon request.
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Table 1. Summary statistics for the main variables included in the analysis

Variable name Mean SD Mean SD

No.Rooted 0.143 0.388 Ind.Saturation 0.806 0.116
Rooted Rate 0.027 0.021 Av.Est.Size 7.421 1.830
No.Pioneers 0.002 0.048 Ind.Density 0.381 0.508
Pioneers Rate 0.001 0.005 GDP 0.024 0.081
PD 4.447 2.254 Education 3.509 0.220
RV 2.445 0.396 Unemployment 6.014 1.999
uv 4.173 0.397 Aggl.Index 0.003 0.012

Note: Statistics based on data from the ONS BSD for the period 2000-2014.

start-ups established each year in new pioneering industries 7, thus only considering new
businesses established in sectors which were not present before within the region. Table
Al in the Online Appendix presents tests of robustness estimating the same models but
considering as dependent variables the RootedRate;, and the PioneerRate;,, weighting the
number of new start-ups in rooted and pioneering industries by the total population in
each region.®

In the above specification, our main variable of interest is PD;,;,, which measures the
natural log of the industrial path dependence between sector i and all other sectors present
in region r at time ¢, estimated using co-occurrence analysis as previously specified and
used to test hypotheses Hla and Hlb. To test hypotheses H2a and H2b of a moderating
effect of variety within the regional industrial portfolio, we look at the interaction between
industrial path dependence and region r related RV,, and unrelated varieties UV,,, follow-
ing the approach proposed by Frenken et al. (2007) as previously detailed. This will give
us a clear identification of the role played by specialisation and diversification.

We include in our specifications X, a set of region—industry variables to control for
other factors which could influence the level of entrepreneurship in the local economy. In
this regard, we include the average size of establishments in each industry, the industrial
density measured as the number of firms in each industry over the overall population in
the region and the Ellison and Glaeser (1997) index of agglomeration at the industry-re-
gion level.” In addition, we include as controls GDP growth, the level of unemployment
and the level of tertiary education attainment provided by EUROSTAT at the NUTS2

8 In further checks, we have estimated the models for No.Rooted;,; and No.Pioneers;,, using a panel Poisson model
in order to take into account the continuous integer count nature of these dependent variables. For rooted indus-
tries, we calculate as well the net number of new firms established net of the number of closures, to control that
the new ventures do not crowd out existing businesses. Results are consistent and available from the authors
upon request.

9 The agglomeration index yEG

Frst

is measured using data from the BSD:

"/EG _ G”Sf/(l B ert‘xrz’st) _H’”Sf

" )
ot 1- Hrst

where G, is the Gini Index of a region—industry rs at time ¢ measured as Gy = ., (S5t — x,,)2 and given by the
share s,, of industry s employment in region » and the share of total employment in region r x,,, while H,, is the
Herfindahl Index of industrial concentration obtained as H,.y = >, zfst as the squared of the size of all establish-
ments in industry s and region r at time ¢.
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Table 2. Relationship between path dependence, related/unrelated varieties and entrepreneurship in rooted and pioneering industries

O] @ 3 “ 6] 6 (7 ®
In(Rooted) In(Pioneers)
PD 0.00193*** 0.00193%** 0.0267*** —0.00151*** —0.00151*** —0.00262***
(0.000265) (0.000265) (0.00189) (0.00009) (0.00009) (0.00059)
RV 0.000931 0.000895 —0.0469*** —0.000461 —0.000570 0.00169**
(0.00303) (0.00305) (0.00269) (0.000600) (0.000605) (0.000843)
uv —0.000985 —0.000900 0.0555%** —0.00001 0.00004 —0.00252***
(0.00288) (0.00291) (0.00278) (0.00055) (0.000559) (0.000895)
PD#RV 0.0105%** —0.000507***
(0.000570) (0.000172)
PD#UV —0.0122%** 0.000568***
(0.000550) (0.000173)
Av.Est.Size —0.000235 —0.000140 —0.000226 —0.000550 —0.00102%*** —0.000740%** —0.00103*** —0.00101***
(0.000844) (0.000832) (0.000847) (0.000846) (0.000151) (0.000150) (0.000151) (0.000151)
Ind.Density 0.54 1 %** 0.539%%** 0.54 1 %** 0.539%** —0.0169*** —0.0169*** —0.0170%** —0.0169%**
(0.0103) (0.0102) (0.0103) (0.0103) (0.00173) (0.00171) (0.00173) (0.00173)
Education 0.00683 0.00710 0.00688 0.00743 —0.00207* —0.00201* —0.00209* —0.00211*
(0.00667) (0.00660) (0.00666) (0.00666) (0.00123) (0.00121) (0.00123) (0.00123)
Uenmpl. 0.000867** 0.000895** 0.000863** 0.000845* 0.000026 0.000027 0.000021 0.000022
(0.000432) (0.000428) (0.000433) (0.000433) (0.00006) (0.00006) (0.000066) (0.000067)
Aggl.Index 0.722%%* 0.701%** 0.721%%* 0.690%** —0.194%%* —0.201%** —0.194%%* —0.192%%*
(0.124) (0.122) (0.125) (0.124) (0.0232) (0.0227) (0.0231) (0.0231)
GDP 0.00630 0.00581 0.00624 0.00638 —0.00586%*** —0.00537*** —0.00586*** —0.00595%**
(0.00974) (0.00965) (0.00973) (0.00973) (0.00168) (0.00165) (0.00168) (0.00168)
Ind.Saturation 0.0180%** 0.0180%*** 0.0185%** 0.0190%**
(0.00479) (0.00478) (0.00483) (0.00485)
Observations 956,371 956,371 956,371 956,371 1,002,995 1,002,995 1,002,995 1,002,995
No.Reg-Ind. 88,137 88,137 88,137 88,137 92,397 92,397 92,397 92,397

Notes: Estimations based on data from the ONS BSD for the period 20002014 using an OLS estimator with region—industry (NUTS3 and SICS digit level) and year-fixed
effects. Robust standard errors clustered at the region—industry level reported in parenthesis. Significance levels: ***p < 0.01, **p < 0.05, *p <0.1. Variables included as previ-

ously defined.
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regional level. Moreover, in the model for pioneering entrepreneurship, we include as well
an index of industrial saturation indicating the number of industries already active over the
total number of industries possible at the NUTS3 regional level. Finally, we include year
¢, and region-industry ¢,;. fixed effects to control for year specific and region-industry
specific time-invariant factors. Table 1 presents summary statistics about the main varia-
bles included in our analysis, including the relatedness and diversification measures, the
entrepreneurship measures and the main control variables.

4. Results

4.1. Main results

To disentangle the impact of industrial path dependence and regional related/unrelated
varieties from other confounding factors, we report in Table 2 the results from the OLS
fixed-effects regression. Columns 1-4 show coefficients for rooted firm entry, while
Columns 5-8 report the estimates for pioneering firms. Starting in Column 1, we only
introduce the variable for industrial path dependence to capture its relationship with firm
entry. We find a positive and statistically significant impact, where a 1 standard deviation
increase in the level of path dependence corresponds to a 16.7% growth in the number of
start-ups in rooted industries.'” This result extends previous evidence at the industry level
(Neftke et al., 2011), supporting hypothesis Hla of new firm creation being facilitated by
the cognitive proximity between the sector where these firms emerge and the regional in-
dustrial portfolio. Conversely, in line with hypothesis H1b, the coefficient of industrial
path dependence is statistically significant but negative in the case of pioneering firms
(Column 5), where a 1 standard deviation increase in path dependence is related with al-
most a third less new firms entering in pioneering industries.'" These two findings com-
bined show that industrial path dependency connects new firm entry to a set of existing
related sectors, limiting instead the opportunity for diversification in new industries. It is
worth noting that our finding of a negative relationship between path dependency and pio-
neering start-ups should not be interpreted as in contrast with previous empirical literature
emphasising the role of relatedness in the entry of new technologies and the emergence of
new revealed comparative advantages (Neffke et al. 2011; Boschma et al. 2013, 2015).
Focusing on the volume of new firms, we interpret our findings in line with recent per-
spectives suggesting that a stronger connection to existing industries may reduce spillovers
from more distant knowledge domains and incentives for entrepreneurs to push in new
directions. At the same time, pioneering start-ups that break away from path dependence
have higher failure rates and the anchor points they provide for structural change may be
more likely to lead to the emergence of new industries and comparative advantages when
closer to the existing regional structure (Neftke et al., 2018).

When we consider previously explored variables of regional-related and unrelated vari-
eties in Columns 2 and 6, we obtain similar results to recent studies pointing to a positive
effect of related variety on rooted firm entry (Colombelli, 2016; Antonietti and
Gambarotto, 2018). However, the coefficients for regional-related and unrelated variety are

10 The standardised coefficient for path dependence is 0.0043 which roughly corresponds to 1.005 more firms per
sector—region, where the median number of new rooted firms in a SIC5 industry and NUTS3 region per year is
6.

11 The standardised coefficient for path dependence in this case is —0.0034 which roughly corresponds to 1.003
less pioneering firms per sector-region, where the median number of new pioneering firms in a SIC5 industry
and NUTS3 region per year is 3.
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Figure 3. Marginal effect of path dependence on the number of start-ups in rooted and pioneer-
ing industries across the distributions of related and unrelated varieties.

Notes: Estimations based on data from the ONS BSD for the period 2000-2014 using an OLS es-
timator with region—industry (NUTS3 and SIC5 digit level) and year-fixed effects. Confidence
intervals at the 95% level reported as dashed lines. Variables included as previously defined.

not statistically significant. In our framework, this reflects the idea that regional variety
may not affect entry directly, but only through moderating the effect of industrial path de-
pendence. These results are confirmed once we include both industrial path dependence
and regional varieties measures together in Columns 3 and 7. To understand this relation-
ship, we explore the interaction between industrial path dependence and both related and
unrelated regional varieties in predicting entrepreneurship using the models reported in
Columns 4 and 8. When looking at the interaction terms, we observe a positive sign for
RV on rooted entry, pointing to a positive moderating effect, while a negative moderating
effect for the interaction term of UV. The opposite holds for pioneering entry, in line with
H2a and H2b. For a more intuitive interpretation of this model, in Figure 3, we report the
marginal effects of industrial path dependence on rooted and pioneering start-ups across
the decile distribution of regional-related variety on the left and for unrelated variety on
the right.

For regions characterised by higher levels of related variety, we observe an increasingly
stronger effect of industrial path dependence on entrepreneurship in rooted industries. For
instance, regions in the top decile of the related variety distribution experience a positive
effect of path dependence on entrepreneurship in rooted industries three times larger than
firms at the median of the related variety distribution. At the same time, the opposite takes
place for pioneering firms, since for regions in the top decile of the related varieties distri-
bution the negative effect of path dependence on pioneering entrepreneurship is a third
larger than in regions at the median. These findings support hypothesis H2a, pointing to
regional-related variety enhancing learning opportunities along established trajectories, and
at the same time impeding recombinations that move away from industrial path
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dependency. We find distinctly opposite results when observing marginal effects for path
dependence across the distribution of unrelated variety, supporting H2b. In this case, there
are decreasing effects of path dependence on firm entry in rooted industries for increasing-
ly higher levels of unrelated variety, especially in regions in the top quartile of the unre-
lated variety distribution, where industrial path dependence becomes negatively related
with firm entry in rooted industries. This evidence indicates that regional dissimilarities
between industries negatively moderate learning opportunities offered by industrial path
dependence for firm entry. Yet, higher levels of unrelated variety in the region allow for
processes of cross-fertilisation across a wider set of skills and competencies in more dis-
tant and emerging sectors, almost halving the negative impact of path dependency on the
creation of pioneering firms for regions highly diversified in respect to regions highly spe-
cialised. These marked relationships further highlight that entrepreneurial activities cannot
be explained solely observing variety within the existing regional sectoral structure. As
pointed out by Balland et al. (2015), this should be considered in conjunction with a dy-
namic perspective reflecting elements of relatedness and cognitive proximity connecting
new activities to pre-existing industries in the region.

With respect to our control variables, our results reflect evidence from the literature on
rooted start-up entry. Industrial density and agglomeration effects are positive and signifi-
cant, underlying the importance of interaction as found in previous studies (Armington
and Acs, 2002; Fotopoulos, 2013). The same holds for unemployment (Fotopoulos, 2013;
Audretsch et al., 2015a). Conversely, the sign of coefficients for pioneering firms is nega-
tive for the control variables. This suggests the same elements that foster interaction and
knowledge spillovers underlying rooted entrepreneurial opportunities, such as industrial
density and agglomeration effects, also strengthen path-dependency with respect to exist-
ing knowledge, industrial competencies and skills.

Following previous evidence of significant heterogeneity characterising new start-ups
across different industries (Audretsch et al., 2015b), and of diverse effects of regional var-
iety on innovative firms (Antonietti and Gambarotto, 2018), we also disaggregate our ana-
lysis focusing on firm entry in high-tech and knowledge intensive industries (labelled
High-Tech) versus low-tech and non-knowledge intensive industries (labelled Low-Tech).'?
Results are reported in Table 3. Columns 1 and 2 show that High-Tech industries exhibit
similar effects of industrial path dependence and regional varieties for both start-ups in
rooted and pioneering industries as reported in Table 2. However, we note the impact of
path dependence is slightly smaller. This effect might be driven by the fact that entrepre-
neurial processes in knowledge intensive industries may be inherently defined by stronger
search capabilities partially counterbalancing dynamics of industrial path dependence.
Conversely, we notice that the role of related/unrelated varieties and their interaction with
path dependence for pioneering entry is more marked for knowledge intensive industries,
highlighting the importance of access to diverse knowledge in order to foster new know-
ledge intensive economic activities in a region (Xiao et al., 2018). This is also reflected in
the results for rooted and pioneering start-ups in Low-Tech industries (columns 3 and 4).

12 Following the EUROSTAT classification, High-tech firms have SIC codes (2003) equal to: (24) chemicals and
pharmaceuticals; (29) machinery and engines; (30) computers and office machinery; (31) electrical machinery;
(32) IT and communication equipment; (33) medical, precision and optical instruments; (34) motor vehicles;
(35) transport equipment; (61) water transports; (62) air transports; (64) post and telecommunications; (65) fi-
nancial intermediation; (66) insurance; (67) auxiliary activities to financial intermediation; (70) real estate; (71)
renting of machinery and equipment; (72) computer-related activities; (73) research and development and (74)
other business activities.
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Table 3. Relationship between path dependence, related/unrelated varieties and start-ups in high and low-tech
rooted and pioneering industries

M @ 3 @

High-tech Low-tech
In(Rooted) In(Pioneer) In(Rooted) In(Pioneer)
PD 0.0197*** —0.00400%*** 0.0307*** —0.00111*
(0.00341) (0.00109) (0.00226) (0.000677)
RV —0.0414%** 0.00534%** —0.0496*** —0.00110
(0.00486) (0.00165) (0.00328) (0.000910)
uv 0.0454%** —0.00648*** 0.0606%** 0.000721
(0.00520) (0.00168) (0.00333) (0.00101)
PD#RV 0.00848*** —0.00143*** 0.0113%** —0.000184
(0.000996) (0.000346) (0.000700) (0.000176)
PD#UV —0.00956%** 0.00140%** —0.0136*** 0.00009
(0.000987) (0.000338) (0.000667) (0.000184)
Observations 330,624 348,485 625,747 654,510
No. Reg-Ind. 30,875 32,154 57,262 60,243

Notes: Estimations based on data from the ONS BSD for the period 2000-2014 using an OLS estimator with re-
gion—industry (NUTS3 and SICS digit level) and year-fixed effects. Robust standard errors clustered at the re-
gion—industry level reported in parenthesis. Significance levels: ***p <0.01, **p <0.05, *p <0.1. Control
variables are included as previously defined.

While the signs of the coefficients are unchanged, we observe higher coefficients for
rooted start-ups indicating that these industries are more clearly defined by the existing re-
gional structure. For pioneering entry in Low-Tech industries, the sign of coefficients is
also in line with our main results. However, only industrial path dependence is found to
be statistically significant. This reflects the lack of evidence on the relationship between
regional variety and entry for non-innovative firms (Antonietti and Gambarotto, 2018),
suggesting that the role of knowledge recombination through variety for pioneering entry
is less effective in less complex activities.

4.2. Robustness tests

In addition to the methodological tests previously discussed, we perform several supple-
mentary sensitivity analyses in order to validate the robustness of our main findings. First,
we control whether spillovers and spatial externalities might be a concern in our case. As
a matter of facts, entrepreneurship could be affected not only by path dependency with
industries in the area and regional varieties, but also by linkages with the industrial struc-
ture of neighbouring regions. Thus, we first control for the spatial autocorrelation of our
main independent variables. Figure Al in the Online Appendix reports the results of the
Moran’s [ test of spatial autocorrelation for these variables (Moran, 1950). We find evi-
dence of statistically significant spatial autocorrelation only in the case of unrelated vari-
eties (Moran’s [ index of 0.032, z-score of 4.031 and a p-value of 0.000), while path
dependence and related varieties do not seem to be spatially autocorrelated.'

13 In particular, we find evidence of significant negative spatial autocorrelation for unrelated varieties in the
South-East and East of England, where both regions with the most diverse industrial structure (London,
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Table 4. Relationship between path dependence, related/unrelated varieties and entrepreneurship in rooted and
pioneering industries: robustness tests

(1 @ (3) )
Spillovers Hidalgo
In(Rooted) In(Pioneers) In(Rooted) In(Pioneers)
PD 0.0272%** —0.00272%*** 0.360* —0.363***
(0.00190) (0.000594) (0.219) (0.0705)
RV —0.0460*** 0.00159* —0.0807* 0.149%**
(0.00269) (0.000846) (0.0477) (0.0169)
uv 0.0555%** —0.00259*** 0.0945** —0.167***
(0.00280) (0.000899) (0.0470) (0.0165)
PD#RV 0.0105%** —0.000502*** 0.0967 —0.214%**
(0.000571) (0.000173) (0.0682) (0.0249)
PD#UV —0.0124%** 0.000584%** —0.119* 0.238%*%*
(0.000551) (0.000174) (0.0671) (0.0242)
PD spillover 0.0149%** —0.000428
(0.00258) (0.00108)
RV spillover 0.0323%** —0.00689***
(0.00429) (0.00115)
UV spillover —0.0281*** 0.00533%%**
(0.00448) (0.00111)
Observations 945,780 991,144 828,994 879,928
No. Reg-Ind. 87,058 91,106 82,405 87,468

Notes: Estimations based on data from the ONS BSD for the period 2000-2014 using an OLS estimator with re-
gion—industry (NUTS3 and SICS digit level) and year-fixed effects. Robust standard errors clustered at the re-
gion—industry level reported in parenthesis. Significance levels: ***p <0.01, **p <0.05, *p <0.1. Variables
included as previously defined.

Given the presence of spatial autocorrelation for unrelated varieties, we build measures
of spatial externalities for industrial path dependence and regional-related/unrelated vari-
eties, in order to control for potential spillover effects originating from neighbouring
regions. For path dependence, we achieve this by following Neffke et al. (2011) method-
ology, as previously explained, and developing a measure PDSpillover;. averaging the co-
sine index of bilateral relatedness between each industry i in region » and all other
industries j in neighbouring regions s. We weight each bilateral industrial relatedness
measure by the geographical proximity between each pair of regions » and s,'* and we
limit this measure only to the sectors that are most closely related to industry i and to
regions proximate to region r included in the top quartile of the respective distributions. In
addition, we create externalities measures for related (RVSpillover,) and unrelated varieties
(UVSpillover,) by averaging the related/unrelated varieties indexes of neighbouring
regions s weighted by the geographical proximity between regions » and s (again consider-
ing only regions in the top quartile of the geographical proximity distribution for each re-
gion 7).

Oxford, Cambridge and Sussex) and regions with homogeneous traditional industries (Lincolnshire, Norfolk,
Kent and Hampshire) are located. On the contrary, evidence of positive spatial autocorrelation is found in the
South-west and in Wales, regions which are similarly characterised by traditional low-tech sectors.

14 We measure geographical proximity as the normalised value of the inverse of the square root of the Euclidean
distance between the centroids of each NUTS3 regions combination.
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We then include these measures into our econometric model to control for the presence
of potential spillovers. The results of this test reported in Columns 1 and 2 of Table 4
show that our main findings are not affected by spatial externalities, and are consistent
with the main findings shown in Table 2. In particular, Column 1 shows that both the dir-
ect and indirect measures of industrial path dependence are statistically significant to ex-
plain rooted entrepreneurship. Also for entrepreneurship in pioneering industries the main
findings are robust to controlling for spatial externalities in Column 2. Despite indirect
measures of industrial path dependence do not significantly affect entrepreneurship in
these industries, the results confirm the negative relationship between path dependence
and pioneering entrepreneurship, which is negatively mediated by the regional degree of
related variety, while positively mediated by regional unrelated variety.

In addition, a vast empirical literature has recently corroborated the “principle of related-
ness’, showing how many different, but related, measures of relatedness are all valid to de-
scribe the probability of regions to enter an economic activity as a function of the number
of related activities present in that location, with pros and cons linked to the different spa-
tial scale, type of economic activities and variety of institutional regimes (Hidalgo et al.,
2018). However, to make sure that our results are not driven by the uniqueness of the in-
dustrial path dependence measure employed in this study, we replicate our baseline ana-
lysis using as an alternative the related density measure developed by Hidalgo et al.
(2007)."> Columns 3 and 4 in Table 4 report the results for this sensitivity test, showing a
remarkably similar outcome to our main findings estimated using the Neffke et al. (2011)
measure of industrial closeness. This is a further evidence not only of the robustness of
our findings, but also of the ‘principle of relatedness’, since different measures of indus-
trial proximity yield very similar results.

5. Conclusions

This paper contributes to the literature on the regional determinants of entrepreneurship by
exploring the dynamics between relatedness and firm entry through an evolutionary eco-
nomic geography perspective. Building on a unified framework connecting insights on the
role of spatial path dependency in the emergence of new industries (Neffke et al., 2011;
Boschma, 2017) with the literature exploring the impact of economic variety within the in-
dustrial structure of regions (Frenken et al., 2007; Castaldi et al., 2015), we argue that
knowledge spillovers and learning opportunities underpinning the formation of new com-
panies are co-defined by the relatedness between new firms and incumbent industries, as

15 The concept of ‘proximity” ¢, between industry i and j developed by Hidalgo et al. (2007) is measured as the
minimum of the pairwise conditional probabilities of a region having a comparative advantage in industry i
given that it has a comparative advantage also in industry j:

¢; = min{P(RCAe;|RCAg;), P(RCAg;|RCAe;)},

where RCA stands for revealed comparative advantage, which measures whether region 7 has a larger industry i, as a
share of its total employment, than the average region (if RCA > 1):

€ri

Z - €ri
RCA,=———/="—
Sren Soeen
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well as the degree of related and unrelated variety that characterises the sectoral structure
of regions.

We analyse these elements using a longitudinal dataset of almost 700 SIC5 industries
across 174 NUTS3 regions in the UK for the period 2000-2014. Our findings indicate
that industrial path dependency, reflecting the relatedness between the sector where the
new firms operate and the existing regional industrial portfolio, positively defines the pro-
cess of new firm creation in established industries. Extending the previous firm-level evi-
dence on industry dynamics (Neftke et al., 2011; Essletzbichler, 2015), and on firms in
specific industries (Corradini, 2019), this points to the role of cognitive proximity in
enhancing learning processes along evolutionary trajectories for new rooted firms within
the region. Thus, spillovers along defined paths effectively support firm creation, provid-
ing fundamental vitality to the regional economy. At the same time, this very process
negatively affects the entry of firms in sectors new to the region. In this sense, industrial
path dependency limits opportunities for regional spillovers across a wider set of know-
ledge domains, which underpin the emergence of pioneering firms. These findings imply a
process of gradual change (Boschma, 2017), where the role of entrepreneurial activities to
bring radical novelty in the region remains subdued. This may exacerbate lock-in effects,
with entrepreneurship reinforcing path dependency rather than functioning as a driver of
new path development (Staber, 2005; Hassink et al., 2019).

These relationships are significantly moderated by the degree of related and unrelated
variety in the regional context, adding to previous evidence on their complex role on re-
gional entrepreneurship (Colombelli, 2016; Antonietti and Gambarotto, 2018). In particu-
lar, trade-offs are likely to occur between the advantages of related variety for a more
effective support of firm entry in incumbent industries as opposed to the advantages of un-
related variety in supporting the entry of pioneering firms moving the region into new sec-
tors. The former may provide a wider yet related set of learning opportunities for new
firms whose activities are closer to the existing sectoral structure, reinforcing the positive
impact of path dependence for entrepreneurship in rooted industries. Conversely, unrelated
variety may ease the effects of path dependence by promoting a platform for spillovers
across more diversified knowledge sources anchored in different institutional settings. This
could hamper entry in rooted industries. At the same time, it reduces lock-in effects and
support entry of pioneering firms in industries new to the region. In this sense, our find-
ings reflect previous research on the role of unrelated variety for breakthrough innovation
and new path development (Castaldi et al., 2015; Grillitsch et al., 2018). These results
contribute to the literature suggesting the importance of considering the relatedness defined
by path dependence in regional structural change together with the degree of variety across
regional structures (Balland et al., 2015).

While the paper provides some novel insights on the relationship between path depend-
ence and variety within regions for firm entry, several aspects require further analysis.
Following established theories of regional entrepreneurship, our analysis makes the as-
sumption of localised effects for knowledge spillovers and learning opportunities. Yet, fur-
ther evidence is required to better understand exogenous sources of knowledge flows,
extra-regional collaborations as well as migration (Barzotto et al., 2019; Bettin et al.,
2019; Hassink et al., 2019). Similarly, our analysis does not allow to explore the differen-
tial role of local and non-local entrepreneurs, nor the long-term structural change pioneer-
ing entry may provide (Neftke et al., 2018). Also, our results are based on the analysis of
spatial and cognitive proximity and should be complemented by further work on other
types of proximity as underlined by Boschma (2005), and of institutional elements
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(Boschma, 2017; Isaksen and Trippl, 2017). Finally, our work builds on a sectoral classifi-
cation of employment to define regional capabilities and relatedness, and should be com-
plemented by analyses looking at the relatedness between specific skills and tasks as
better data become available. We underline these are important and interesting directions
for future research.

Supplementary material

Supplementary data for this paper are available at Journal of Economic Geography online.
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