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Abstract
This paper provides an original framework for investigating scientific collaboration networks at European regional level.
Are the European regions organized around a core? If yes, which are the determinants explaining the core
membership? To answer these questions, the evolution of eight different scientific discipline networks from 2000 to 2011
is taken into account. For each of these networks, we identify a core-periphery structure and we investigate the
determinants of being in the core in terms of scientific production both in terms of quantity and quality, resource
endowments and absorptive capacity. Overall, the scientific production and its quality are the main drivers. The
importance of being an affluent region (GDP per capita) and with already a strong reputation in other disciplines (i.e.
core in other disciplines) play a major role for determining who can enter the club of the core regions. These two factors

work as a reinforcing mechanism and makes be very unlikely the possibility to overcome the core-periphery structure.
Finally, results obtained confirm the interest of analysing the centrality discipline by discipline rather than globally and to
take into account spatial effects.
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This paper provides an original framework for investigating scientific collaboration networks
at European regional level. Are the European regions organized around a core? If yes, which
are the determinants explaining the core membership? To answer these questions, the
evolution of eight different scientific discipline networks from 2000 to 2011 is taken into
account. For each of these networks, we identify a core-periphery structure and we
investigate the determinants of being in the core in terms of scientific production both in
terms of quantity and quality, resource endowments and absorptive capacity. Overall, the
scientific production and its quality are the main drivers. The importance of being an affluent
region (GDP per capita) and with already a strong reputation in other disciplines (i.e. core in
other disciplines) play a major role for determining who can enter the club of the core
regions. These two factors work as a reinforcing mechanism and makes be very unlikely the
possibility to overcome the core-periphery structure. Finally, results obtained confirm the
interest of analysing the centrality discipline by discipline rather than globally and to take
into account spatial effects.
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Introduction
Since the Lisbon strategy, regions are at the heart of European policy in order to build the
Europe of knowledge. The variety of regional policies and of European instruments (e.g.
framework programmes and cohesion policy) is a consequence of the diversity of regional
situations in terms of their capabilities in R&D and innovation (Asheim, 2006; Pinto, 2009).
This diversity is frequently presented as a dichotomy between core/leader vs.
periphery/follower (Winthjes et al., 2010; OECD, 2011). The key difference between these
two types of regions is based on two criteria. The first is the ability to concentrate a wide
variety of industrial, technological and scientific resources allowing regions to achieve critical
mass and to develop enough absorptive capacity in order to participate in the dynamics of
innovation in Europe (Harris et al., 2005; Almeida et al. 2011). The second criterion is based
on the differences in innovation performance (European Commission, 2012). The difference
in performance is based on both the lack of resources (critical mass) and the inability of
regional systems to transform existing knowledge on the territory value (Cooke, 2001).
In this perspective, the peripheral regions are a specific target of public policies. With low
capabilities and low performance, peripheral regions are often not well integrated into the
European research area. For policymakers, the challenge is therefore to develop devices that
allow peripheral regions to move out of their isolation (Doloreux et al., 2008; Hewitt- Dundas
et al., 2011). If the study of scientific capacity in peripheral regions has been an object of
analysis barely explored, it shares questions similar to those addressed by regional systems
literature. The same dichotomy based on the same criteria of quantity and quality: regional
differences can be analysed in terms of critical mass, i.e. scientific production, and
performance in terms of scientific excellence, i.e. impact or visibility (Zitt et al., 2000; Tjissen
et al., 2007). The consequence of such approaches to regional disparities is that policy
actions are designed to increase the scientific capacity of research institutions on the one
hand and to push to pursuit of scientific excellence on the other hand (Harris et al., 2005;
Benneworth et al. 2007).
With the new EU initiatives developed in 2020, the strengthening of regional scientific
capabilities is no longer based only on the resource/activities concentration (e.g. critical
mass - absorption capacity) and performance targets (e.g. excellence, reputation). It is also
based on another dimension that should be taken into account together with the other two:
dynamic networks (Winthjes et al., 2010). In fact, in 2020, the pursuit of regional pôle of
scientific excellence is based both on traditional criteria of quantity and scientific reputation
(i.e. quality) but also on the ability to build dynamic networks and collaborations within the
European research area (European Commission, 2010). The Horizon 2020 strategy modifies
priorities considering the dynamic networks central for developing centres of excellence. The
relation between the couple critical mass-excellence and network becomes the main feature
of every EU policy. The aims are therefore to develop centres of excellence based on their
ability to connect a wide variety of actors and to increase connection between core and
peripheral regions.
If the insertion of peripheral regions in research networks is central, it remains unsolved to
know how regions that are on the fringes of scientific activities can develop partnerships and
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move towards the core of European research area. By addressing this question, the aim of
this article is to better analyse the dynamic relationships between integration in networks,
critical mass and absorptive capacity of regions and their scientific reputation. To do so, we
analyse the scientific network in eight different disciplines over four periods of 3 years each,
checking whether they are actually structured around core. Moreover, we investigate the
determinants of being in the core in terms of quantity and quality of the research carried on
by each region, controlling for spatial effects of neighbouring regions.
The paper is organized as follows: the second section presents briefly the empirical literature
dealing with similar issues, highlighting the originality of our approach. The third one
presents the data and discusses the main assumptions relate to network construction and
explains the methodology adopted to detect a core-periphery structure. The following one
presents the empirical exercise and the main results. The last section concludes the
discussion.

Collaboration network in Europe
The literature dealing with research collaboration among European regions is the main
reference of our paper. This literature can be easily classified, among other criteria,
according to data used as a proxy of collaboration and according to unity of analysis. Usually
three kinds of data are analysed: research project (e.g. Framework Program), co-patent and
scientific co-publication (for a review see Frenken et al., 2009). Concerning the unity of
analysis, the literature focuses, on one hand, on individual actors (i.e. regions) analysing the
position of each of them in collaboration networks or their collaboration pattern and, on the
other hand, on the overall structure of network. The former is the local scale perspective,
the latter the global one. Less studied is the intermediate-scale of EU research collaboration
network. In this paper, using publication data, we investigate the meso-scale network
feature known as core-periphery structure, which consists of a partition of netwo
in a highly connected core and a sparsely connected periphery (Rombach et al., 2012).
Several scientific studies have examined the impact of the variety of collaborations and the
position of actors in networks. The actors having a central position in a network benefit of
great advantages (Wanzenbock et al., 2014). Central positions allow regions developing their
own capacity in terms of research institutions because of their greater influences and easier
access to knowledge and information, and financial support. For peripheral regions,
networks constitute a challenge but also a constraint: peripheral regions are both areas that
are struggling to position themselves more centrally, and at the same time they necessarily
need to rely on dynamic external interactions to promote their development and their ability
to achieve the critical mass that is necessary (Doloreux et al. 2008). Integration into
networks is a particularly critical challenge for development and at the same time the initial
endowments and capacities developed are required to strengthen their presence in a
dynamic network.
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What we intend to investigate are the determinants of being member of the core, that
means a highly central region mainly connected with other region having a similar centrality.
The factors we are going to consider concerns the scientific production of each region, both
in terms of critical mass (quantity) and excellence (quality). Moreover, we are going to take
into account the region resource endowments and its absorptive capacity. The spatial effect
will be considered as well in terms of spillovers generated by neighbouring regions.

Regional networks: data and methods
Data
In order to investigate the European scientific system we focus on the collaboration existing
among regions (NUTS2) in eight broad scientific disciplines (see Table 1) that are defined by
OST (2010) as an aggregation of Thomson Reuters Scientific Categories. Moreover, those
disciplines are completed by reallocating the articles published in multidisciplinary journals.

Data of co-publications among NUTS2 regions (EU27) used and citations associated come
from Web of Science (WoS) database, which contains information from most journals
covering all scientific fields. We retrieve all scientific articles, letters, notes and reviews
published between 2000 and 2011 and related to research collaborations among EU regions.
A publication is considered to be research collaboration between regions if it contains at
least two different institutional addresses corresponding to NUTS2 regions. Consequently
the publications co-authored by intra-regional institutions are excluded and our study is
limited to the bilateral and multilateral inter-regional co-authorship and is in fact performed
on four sets smoothed data corresponding to 3-years periods: 2000-2002, 2003-2005, 20062008, and 2009-2011. Our empirical study covers 265 regions across 27 European countries.
Methods
We use the data on scientific publications co-authored by inter-regional institutions to build
a network, by discipline and by period, where the actors/nodes are the regions and the links
between them are co-publications. The value of the link between two regions is given by the
number of collaborations in common in a given discipline over the period under analysis.
That means we are considering a weighted network.
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Following the methodology initially developed by Zhou and Mondargon (2003) and
generalised by Serrano (2008), we identify a core and a periphery according to the rich-club
phenomenon. In order to do that, we analyse the distribution of degree among regions for
each network associated to each discipline and period. However, given the fact we are
considering a weighted network, referring to the degree centrality can be a tricky issue as
emphasised by Opsahl et al. (2010).
Indeed, in a binary network (i.e. not weighted network), the centrality degree of an actor is
the number of link of the actor: in our case it would be the number of regions which the
focus regions is collaborating with. In a weighted network, the degree centrality is given by
the sum of the weight of actor's links: in our case it would correspond to the number of
inter-regions collaborations carried on by the focal region. However in the latter case, we
lost completely the information about the number of partners: the same value of centrality
(e.g. ten) can correspond to very different scenarios (e.g. one partner with which you have
collaborated ten times or ten collaborations with ten different partners). Opsahl et al. 2010
propose a definition of the degree in weighted network that is able to grasp both aspects of
collaboration: quantity (i.e. degree) and strength. The weighted centrality degree for actor i
is therefore defined as the following:

where ki is the number of partners and si the sum of actor's links strength, and is the
parameter weighting each of the two aspects. Following XXXX (20XX), we decide to set
equal to 0.5 because we have no specific reasons to assign more importance to one aspect
rather than the other.
Once calculated the degree centrality of each region, CDw (i), we look at the characteristic of
its distribution in order to identify the existence of core-periphery structure (Serrano, 2008).
In order to establish whether a network is characterized by such a similar structure, a
necessary condition is the presence of break-point in the distribution. To check for that, we
(i) compute the log-CCDF (complementary cumulative distribution function) of log-degree;
(ii) "use a piece-wise linear regression of log-degree and log-CCDF using a moving threshold
to get best fit for power law coefficients" (Zelnio 2012, p. 604).
If this point is identified, then it is possible to distinguish the regions in central and
peripheral ones. However, the most central regions constitute a core, only if the links
between them are particularly intensive, i.e. the number of links between core members is
greater than "the corresponding value in a randomized version of the graph that preserves
the degree distribution" (Serrano 2008, p.4). Once this second condition is satisfied, it is
possible to claim that the network analysed displays a core-periphery structure.
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Network and core identification
We build 32 networks: eight discipline/networks for each of the four periods. Table 2 reports
the main information about the distribution links value, i.e. si of equation 1.

We have applied the methodology described in previous section to the 32 networks in order
to detect a core-periphery structure. All of them result to satisfy the two conditions (results
are available on request to the authors) and thus a core-periphery structure is verified.
However, as reported in the following table (Table 3), the size of the core, and thus also that
of the periphery, varies across disciplines and over time. This could happen because some
regions move from the periphery to the core or the other way round.
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The critical threshold of the core represented by the minimum degree increases over time
for each domain. Those both elements reflect the network dynamics in different fields
studied. The differences among discipline are striking. For instance, the minimum degree for
Physics is ten times that for Mathematics, with the other six discipline reporting value
between the two extremes. Yet, these descriptive statistics allow understanding that these
differences should be taken into account and raise doubts over of analysis covering all
disciplines together.
Table 4 reports the density of relation within the core and periphery and between them.
Network density is defined as the number of effective links over the potentials one. In
7

undirected networks as those under analyses, the potential links are given by the following
formula: N (N-1) / 2 where N is the number of nodes. This can be reformulated according
any nodes partition.
Consequently the overall potential links can be broken-down in core (C) and periphery (P)
potential nodes:

where C+P=N. The three terms are from left to right the potential links: within the core,
within the periphery and between core and periphery. The corresponding density can be
easily calculated, dividing the effective link with the relative potential links term.

As expected, the density of the core is greater than that of periphery and moreover
peripheral regions are on average more connected to core regions than with each other. This
is true for all disciplines. However, differences among disciplines are remarkable.

The determinants of being in the core
The aim of our empirical exercise is at identifying driving factors of region position in the
inter-regional scientific co-publications network. What does it explain the fact that a region
belongs to core rather than to the periphery in a given discipline? In order to answer to this
8

question and to compare results over different disciplines, we refer as dependent variable
the degree centrality of the region normalized relative to the minimum degree necessary to
belong to the core. This normalization allows us comparing the results in terms of magnitude
of the coefficients otherwise it would be meaningless.
Moreover, we intend to control for spatial effect, in particular to check if the regions close to
region i affect its possibility to belong to the core. To do that, we use an analytical
framework accounting for spatial knowledge spillover effects in our co-publications network
analysis of EU regions (Autant-Bernard, 2012). A panel version of spatial Durbin model
(Elhorst 2003 and 2012), Wanzenbock et al. (2014) is applied to our degree centrality data.
This model turns out to be more appropriate in empirical analysis for calculating the
magnitude of direct impacts and indirect or spatial spillover effects (Autant-Bernard and
LeSage, 2011 and Elhorst, 2012). In our study context it allows to distinguish fields with local
and? indirect impacts and those with global spillover effects.
The panel SDM is written as follows

where yt is an Nx1 vector containing degree centrality in a discipline normalized relative to
the minimum degree for belonging to the core, for each region (i=1,..., N) (Table 3) at time t
where t=1, 2, 3, 4. Xt is an NxK matrix of exogenous explanatory variables potentially
including a constant term. Over all period under observation, the data on publications of
regions in each discipline, their total scientific production are taken into account. The
relative impact of each region output in each domain is considered. This is measured by the
average number of citations received by the region in a discipline given benchmarked
against the average number of citations received by the EU in the same domain. Moreover
we consider some economic data for the period 1995-2011 retrieved from the Eurostat
website in June 2013. In particular we have downloaded for each region: the population
(thousands of people); the human resources in Science and Technology, broadly defined
(thousands of people); the GNP per capita relative to EU27 average, normalised to 100; the
R&D expenditures intensity (% of GDP), broken-down by Public and Private sector. To
overcome a minor problem of missing data for some regions in collected Eurostat data, we
use the median ratio procedure for estimating these missing values as suggested by the
methodology report of Regional Innovation Scoreboard (Hollanders et al., 2012). The
number of disciplines which a region is already in the core is also included in the
specification as independent variable for underlining a potential effect of core memberships
in others disciplines. W is an NxN nonnegative matrix of known constants describing the
connections between regions. W, generically labelled spatial weight matrix (see, e.g., Anselin
1988) is constant over time, with the element of W in row i and column j denoted by w{ij}.
The components of W are given by: w{ij}=0 for all i=j by assumption since no spatial unit be
considered as its own neighbour, and w{ij}=1 if region i and region j are contiguous and
w{ij}=0 otherwise. W is row-standardised, meaning that the row elements sum up to 1. Wyt
9

corresponds to Nx1 vector of the dependent variable lagged in space and WXt is a NxK
spatial lag matrix of K independent variables. The centrality of each region is then supposed
rely on? weighted average centrality of its neighbouring regions and to a weighted average
of its
exogenous explanatory variables. The parameter rho associated with
spatial lag of yt is the spatial autoregressive coefficient and reflects the strength of the
spatial interaction; 1, 2 denote Nx1 vectors of response parameters of predictors X and
their spatial lag respectively. ut denotes a Nx1 vector of error terms, with µ region specific
fixed effects, t period specific fixed effects and t an Nx1 vector of normally distributed,
homoscedastic and uncorrelated errors. The Maximum Likelihood procedure is applied to
the spatial Durbin model (Elhorst, 2003) for estimating regression parameters.
Following Wananzenböck et al. (2014), Table 5a and 5b present average impact estimates
for each discipline on the magnitude and significance of direct, indirect and total impacts on
a region network position that would arise from a change in one unit of our regional
characteristics, averaged over space and time. More specifically, the direct impacts give the
effects of regionimpacts estimates report the sum of spatial spillover effects, i.e. influences of regionexternal characteristics setting. Then, the overall influence of distinct characteristics on
regional network centrality at the regional level is given by the total impact estimates.
First, it would worth remarking that geographical space matters in explaining the core
membership in five disciplines out the eight analysed. The estimates for the spatial
autoregressive parameter (i.e. rho) are highly significant and positive for Fundamental
Biology, Medicine, Applied Biology, Chemistry and Engineering Sciences but not for Physics,
the Science of Universe and Mathematics.
The first column of Table 5a presents impact measures for Fundamental Biology. Concerning
direct impact, we observe th
W
Fundamental Biology) and general knowledge production (public R&D expenditures and
being core in other disciplines) account for. The quality of its scientific production (relative
impact) plays also a positive role. Direct impact estimates suggest that the regional
production in the field and public R&D expenditure are both significantly important capacity
factors for being in the core in Fundamental Biology. However, we observe none spatial
T
previous literature on the spatial dimension of knowledge production which consider the
existence of spatial spillovers.
The total impact estimation confirms direct impact. Moreover, being in a rich region or
T
estimates suggest that activities in the field and the level of public R&D expenditures
particularly influence network positioning in this discipline. These results suggest that in
Fundamental Biology, in order to belong to the core, regions need a large amount of
scientific resources.
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Table 5a: ML estimation results

The second column of the Table 5a presents impact measures for Medicine. Every variable
except the Human Resources in Science and Technology has a significant positive impact.
Direct impact estimates suggest that the regional production in the field is significantly an
important capacity factor for being embedded in Medicine.
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Table 5b: ML estimation results

Being surrounding by rich regions (i.e. regions with higher GDP per capita) contributes to
being a central region. That result confirms the significance of economically based spillover
effects for centrality in scientific network (Wanzenböck et al., 2014). Such spatial
dependencies may for example arise due to the location of universities, which often tend to
be located in regions surrounding urban centres, with further consequence on cross-regional
commuting flows between regions.
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Given the total impact estimates for our regional characteristics in Medicine, the pattern
observed for direct effects partly has been reversed. Total impact estimates for Medicine
GDP
R D
expenditures. Positive capacities based on effects due to the level of public R&D
expenditures, being core in other field and activities and visibility in Medicine are removed
when region-internal and external impacts are considered together in our regional
arrangement. These results suggest the importance of being in a rich region or surrounding
by rich regions where firms do R&D. Does it mean that as Medicine is more applied science
than Fundamental Biology, the presence of firms contributes to the position in the network?
Moreover, Medicine seems to be more independent relative to other disciplines, as the
For network centrality in Applied Biology (third column Table 5a), the economic level of the
region, the effect of being core in other fields and the activities and visibility positively
influence the possibility of belonging to the core. Direct impact estimates suggest that the
regional production in the field is a significant important factor as well.
Positive spatial spillovers
centrality can be observed for the
estimates for GDP and Human Resources in Science and Technology. Thus network centrality
seems to be related to the economic strength in neighbouring regions. The total impact
confirms the importance of the economic level of the region and of the surrounding regions.
Moreover, the number of disciplines in which the region is core is an important factor.
However, the most important impact is the production of publications in Applied Biology.
Quantity of scientific output matters.
For network centrality in Chemistry (last column of Table 5a), the level of publications has a
positive impact. More surprisingly, relative impact of the region variable is not significant.
That means that the quality of the publications does not contribute to increase the number
of degrees of the region in the Chemistry network. It is the only field with such a result. The
number of the fields in which the region is already core and the level of public R&D
expenditures affect positively the fact of being in the core. However, even if the impact is
weak, the level of Human Resources in Science and Technology has a negative impact and
that seems quite puzzling.
A positive spatial spillovers impact can be observed for the estimates of the number of core
fields in the surrounding regions. By contrast, the level of publications in Chemistry has a
strong negative impact. That supposes that the surrounding regions must be leader in other
fields but not too productive in chemistry. Negative effects may, for instance, result from
core-periphery relations between neighbouring regions (Wanzenböck et al.,2014).
The total impact reduces this negative spillovers effect since only the number of core fields is
significant. In Chemistry, the production of publications and their visibility would not be so
important. By contrast, being core in different fields and being surrounding by regions being
centrality. This is verified
only for the discipline and we are inclined to interpret that as Chemistry would be more
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transdisciplinary and for that it would greatly benefit from other disciplines competence and
results.
For network centrality in Physics (first column Table 5b), we observe similar magnitude and
significance between our impact estimates and our coefficient estimates (available on
request) confirming the minor relevance of feedback effects in publication activity between
nearby regions in P
W
A
of production and quality largely contribute to the centrality of the region membership in
this discipline. The experience of being core in other fields and also the level of GDP
influence the centrality as well too. The only spillovers effect being significant has a negative
impact and it is the relative impact of the surrounding regions. At the total effect, only being
core in other disciplines and the GDP per capita are still significant. The direct and indirect
effects for both the quantity and the quality in physics cancel each other out.
In the Science of the Universe (second column Table 5b), the experience of being core in
other discipline and above all the relative impact of the region influence positively the
centrality of the region. A positive spatial spillovers impact can be observed for the
estimates of the GDP and the scientific production in the field. Being surrounding by rich
regions which produce many publications in the same discipline contribute to become
central.
The total impact confirms the importance of the economic and scientific level of the
surrounding regions. Moreover, the number of disciplines in which the region is core is
important. However, the relative impact is not anymore significant. The direct and indirect
effects cancel each other out. That means that to be embedded in the science of the
universe a region need to be surrounding by regions with high level of scientific production
but low relative impact.
For the Engineering Sciences network (third column Table 5b), almost all the estimates are
significant. That means that financial (GDP and Public R&D expenditures) and scientific
resources (being core, production and quality of the research in engineering sciences) are
the region-internal drivers. In particular, the scientific production and the public R&D
expenditures have a strong impact.
These impacts are reinforced by the scientific production and the experience in being core in
the surrounding regions. By contrast, public R&D expenditures have negative spillovers
effects even if it is not significant. This one is strong enough to cancel the direct impact of
the public R&D expenditure at the total impacts. To sum up, in Engineering Science, a region
can become central in the co-publication network if it invests in quantity. Moreover, factors
such as being core or the relative impact reinforce each other at the intern and external
levels. The production and the quality of the research in Engineering Sciences build the
position in the network.
For network in Mathematics (last column Table 5b), the resources dedicated to public R&D
influence the centrality of the regions. The main impact is largely due to the level of scientific
production in the discipline. We surprisingly observed a positive spillovers impact of the
surrounding private R&D expenditures. Anyway at the total impact, only and largely
14

accounts the level of scientific production. The relative impact is not anymore significant as
both direct and indirect impacts balance each other. To sum up, to become core in
mathematics, a region only needs to invest in the production of scientific publications.

Concluding remarks
In this paper, we have identified a core-periphery structure characterizing eight different
scientific disciplines over the first decade of the second millennium. Independently of the
discipline, a core of central regions highly connected between each other cohabites with a
set of peripheral regions that try to establish connections with the most central ones. Even if
different disciplines share the same network structure, much disciplinary specificity
emerges. The network differs in terms of density of connections, minimum number of
degree centrality necessary to be in the core and, finally, in the size of the core. However,
even if these differences persist over times, degree centrality and size of the network show
the same increasing pattern over time for the eight disciplines. These first results have
strong methodology implications. First, heterogeneity among discipline should be taken into
account: analysis of scientific network without distinguished disciplines could hide very
different situation. Otherwise, specificities of discipline such as Physcs risk overshadowing
the characteristics of less collaboration-intensive discipline as, for instance, Mathematics.
Second, in order to consider these differences and having comparable results some
normalisation method should be defined. Identifying a minimum degree of centrality for
belonging to the core is the solution we propose in order to benchmark the centrality of
each region.
Once this normalisation has been implemented, it is possible, how we do, to investigate the
determinants of normalised centrality, i.e. being a core member. To sum up, we observe that
some factors always impact the centrality of a region in the network whatever the discipline
considered. Thus, at the direct impact, the experience of being core, the level of scientific
production and its quality influence strongly the centrality of the region. However, we
observe two exceptions: for Chemistry, the relative impact does not matter, and for the
Science of the Universe the production does not have any influence. Overall, the global and
the discipline scientific production and its quality are the main drivers to become member of
the core. Thus, a region which aims at becoming core in one discipline has to increase its
scientific production and quality. This confirms the rationality of EU policy in order to foster
excellence on the one hand and to accumulate critical mass of resources on the other hand.
These direct impacts are modified slightly by the indirect impacts which are very different
according to the discipline observed. This result confirms the interest of analysing the
centrality discipline by discipline rather than globally and to take into account spatial effects,
which, as we have seen, can be positive or detrimental.
Finally, the total impact shows that for almost every discipline, the importance of being an
affluent region (GDP per capita) and with already a strong reputation in other disciplines (i.e.
core in other disciplines) play a major role for determining who can enter the club of the
core regions. A reinforcing mechanism is at work and this makes think that it would be
difficult that core-periphery structure can be overcame in the future.
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