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Abstract

The last decades registered a significant increase in Research Infrastructures (RIs) everywhere and in Europe.
The EU supports these projects and their activities by implementing strategies and allocating financial
resources for these costly projects. Although RIs main goal is to foster science, they produce relevant effects
that go beyond scientific output including economic output, innovation, and social impact. These effects take
place simultaneously at different geographic levels: regional, national, and international. RIs’ hosting regions
absorb a significant part of them. This phenomenon is the object of a stream of literature that analyses the
several effects that single RIs have on the economy and society. However, little attention is paid to the
aggregate dimension of these effects at the regional level and how it changes in different regional contexts.
This work contributes to the main literature on Rls socio-economic effects by disentangling the aggregate
economic growth effect driven by Rls in EU NUTS 2 regions for two periods: 2001-2020 and 1981-2020.
The empirical analysis is carried out on an original database with information about 667 RIs. A spatial Durbin
model estimates both the direct impact and spatial spillovers. The main findings suggest that RIs have a
positive impact on regional economic growth over the two periods considered. However, spillover effects to
neighbouring regions are not significant.
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1 Introduction

Over the last decades, the number of Research Infrastructures (RIs) has grown significantly in
various scientific fields, including genomics, astronomy, space exploration, high energy
physics, the chemistry of new materials, bio-molecular engineering, and several other fields
(Florio 2019). Europe registers a considerable increase in the construction of Rls across the
continent. The EU Commission pays special attention to such phenomenon by implementing
strategies and tools to provide Europe with world-class sustainable Rls. Supranational
institutional bodies and legal frameworks, such as the European Strategic Forum for Research
Infrastructures (ESFRI henceforth) and the European Research Infrastructures Consortium,
support the development of national and pan-European strategic roadmaps to prioritise the
projects to be realized (Beck & Charitos, 2021; Cramer et al., 2020; Florio, 2019; Hallonsten,
2020). Mainly two key aspects have driven this relevant growth. First, the fact that science
advances fast and, consequently, more cutting-edge high-tech instruments and centres need to
be developed to run new scientific experiments. Second, research and innovation often play a
pivotal role in many institutions' development strategies and policies triggering economic
growth (Beck & Charitos, 2021; Cramer et al., 2020; Florio & Sirtori, 2016a; Hallonsten, 2020).
Moreover, the number of extensive research facilities is becoming more significant, as well as
the extent of the investments required for such capital-intensive projects (Florio & Sirtori,
2016a). Most of the financial resources deployed to support the development of these facilities
in all their phases — design, construction, and operation — are public. Thus, in most cases, the
leading promoters are national governments, intergovernmental collaborations, and regional
governments, which must decide, among multiple competing projects, whether to invest and
the amount of resources to allocate. As in the case of any public investment, there must be
some kind of priority in the allocation process of these resources. Governments at any level
must justify any decision undertaken by taxpayers (Beck & Charitos, 2021; Cramer et al., 2020;
Florio, 2019). A well-established way to prioritise and “justify” public policies and investments
is to quantify the ex-ante and ex-post socio-economic impact related to the investment decisions,
even if it is not the only aspect considered to take the final decision. Therefore, both the
political need and the specific features of each RI have led many academics to study and assess
the different socio-economic effects that these research projects involve at their various stages
(OECD, 2019; Florio, 2019). So far, most contributions focus mainly on analysing the socio-
economic effects of single case studies (Del Bo et al., 2016; Florio et al., 2015; Florio & Sirtori,
2016a, 2016¢; Helmers & Overman, 2017; Robbiano, 2022) or on the drivers of single effects
(Castelnovo et al., 2018; Castelnovo & Dal Molin, 2020; Dal Molin et al., 2023; Dal Molin &
Previtali, 2019; Scaringella & Chanaron, 2016). Very little is known about the aggregate effect
that the activities carried out at RIs produce on the hosting region’s economies and how it
varies in regions with different socio-economic structures, innovation capacities, and
geographical contexts. Hence, this work aims to disentangle the regional aggregate effect that
RIs produce on the economic growth of regions that host them and to assess their spillover
effect. More precisely, the present work investigates the impact of Rls on regional economic
growth on a sample of 230 EU NUTS 2 level regions of which 139 regions across 26! EU

! Austria; Belgium; Bulgaria; Cyprus; Czechia; Germany; Denmark; Estonia; Greece; Spain; Finland;
France; Croatia; Hungary; Ireland; Italy; Lithuania; Luxembourg; Latvia; Malta; Netherlands; Poland;



member states host at least one RI. The overall endowment of the analysed sample of regions
is 667 Rls. To take into consideration the enlargement of the EU during the period under
analysis as well as to test if the results hold also in the very long run and to exploit the
availability of data, the effect on economic growth is studied for two periods. The 2001-2020
period is for the whole sample and the 1981-2020 period is only for the 148 NUTS 2 regions
of 10 EU-122 member states. This research builds upon and extends previous work in the
tield, while also introducing some novel contributions. First, it provides a comprehensive
aggregate analysis of the Rls regional socio-economic impacts. Second, it employs an original
dataset containing a large and representative sample of the whole universe of the Rls in the
EU. Such dataset is an updated version so far used only by Del Bo (2016) to estimate the rate
of return on investment of the EU RIs. Another novelty is the spatial model used to study the
economic growth impact induced by Rls. Finally, the focus on the EU regions is unique to
this work thus far and worth it to consider as claimed by Robbiano (2022).

The paper is structured as follows. Section 2 provides a review of the main literature on the
socio-economic effects of Rls. Section 3 explains the process of the Rl site selection and the
main mechanisms through which they trigger regional economic growth. Section 4 describes
the main data source and the data used in the empirical analysis. Section 5 provides a
description of the methodology and section 6 shows the main results of the analysis. Finally,
section 7 summarises the main preliminary findings.

2 Literature Review

The most recent literature on the socio-economic impacts of Rls mainly explores two
significant aspects. On the one hand, the methodological assessment framework essentially
investigates the types of impacts of Rls and the most suitable methodologies to disentangle
those impacts better; on the other hand, the assessment of these effects provides an empirical
analysis using quantitative and qualitative approaches. The following subsections present in
detail the two strands of research.

2.1 Methodological contributions

Numerous works contribute to the categorization of the socio-economic impacts of Rls as
well as to the identification of a common framework and methodology. In recent studies, there
is a strong emphasis on the idea that the cost-benefit analysis is the most appropriate
framework to overcome this issue and adapts well to different types of projects (Flotio ez al,
2016; Clarke e# al., 2013; Pancotti ¢f al., 2015; Battistoni ¢/ a/., 2016; Florio and Sirtori, 2016b;
Florio, 2019). This approach applies the standard evaluation way of capital-intensive projects
to the specific case of research facilities. The general cost-benefit analysis framework is tailored
taking into consideration the key features of the research infrastructures to quantify the net
social and economic effect — expressed in monetary terms — that decision-makers need to

Portugal; Romania; Sweden; Slovenia. Slovakia is not included because we do not have data on Slovakian
Rls.

2 Belgium; Denmark; France; Germany; Greece; Ireland; Italy; Netherlands; Portugal; Spain.
Luxembourg and the UK are excluded for a lack of regional data availability for the whole timespan
considered.



know when they have to consider investing in a specific project (Florio & Sirtori, 2016¢). To
this end, both the economic and social dimensions are regarded by these approaches in the
design of the evaluation framework. The economic impacts are less challenging to evaluate,
and the methodologies are well established. The social impacts, on the contrary, are complex
to estimate because of their unique nature and the difficulty of measuring them in monetary
terms (OECD, 2019; Del Bo, Florio, and Forte, 2016; Florio, 2019). The first ones ate
estimated by computing the direct, indirect, and induced effects deriving from the financial
information on the initial investment and the annual budget to run the RI activities. The social
effects are, in most cases, characterized by the intangibility of their outputs, and the consequent
difficulties in measuring them in economic terms have led to applying methods that capture
their shadow prices (Florio ez al., 2016; Florio and Sirtori, 2016b). However, social effects are
significant, as proved by recent contributions that further investigate the measurement
methodologies of social costs and benefits (Florio & Sirtori, 2016b) and propose a social cost-
benefit framework (Florio & Pancotti, 2020).

Other contributions provide alternative guide frameworks mainly based on identifying and
categorizing the critical socio-economic impacts and the related indicators to assess them
(OECD, 2019; Hotlings ez al., 2012; Simmonds e# al., 2013; Cebr, 2019; Drooge and Elzakker,
2019). These authors propose a review and list of the critical impacts accruing from Rls
construction and operating activities. This approach differs from the first because of the
absence of costs in the analysis and framework. It solely refers to the sources of impacts and
the related indicators to evaluate (OECD, 2019; Simmonds ¢ 4/, 2013). Both frameworks
identify the same sources of effects and the related assessment methodologies. The economic
impacts are studied in terms of direct, indirect, and induced effects that are expressed as an
increase in economic output, value-added, and employment (Florio ¢z a/., 2016; OECD, 2019;
Simmonds ¢# al., 2013; Scaringella and Chanaron, 2016; Cebt, 2019). Due to their intangible
nature, the social impacts are either expressed in monetary terms when quantitative estimates
of the shadow prices can be applied or otherwise qualitative. They mainly refer to effects
related to the scientific or knowledge creation and dissemination, innovation and technological
development, human capital creation, social capital creation, and the area attractiveness for
tourism (OECD, 2019; Simmonds ef a/., 2013; Florio and Sirtori, 2016b; Florio and Pancotti,
2020).

2.2 Empirical contributions

Applied contributions utilize the frameworks mentioned above to assess and quantify the
socio-economic impact that RIs can generate. These works provide evidence by carrying out
single case studies of relevant existing research facilities (Atzeni et al., 2020; Florio et al., 2015,
2018; Helmers & Overman, 2017; Robbiano, 2022; Scaringella & Chanaron, 2016) or studying
specific effects (Dal Molin & Previtali, 2019; Florio et al., 2018). Overall, it emerges that the
type of impact varies according to the kind of scientific research activities carried out at the
RI. However, the estimates of these effects show a common trend. More precisely, the social
cost-benefit analysis proves that with a probability of about 92%, Rls produce a significant net
contribution to society’s welfare (Florio, Forte, and Sirtori, 2015; Pancotti e a/, 2015) that is
driven by the economic impact, the technological spillovers, the creation of spinoff companies,
the production of scientific outputs, the human capital development and the cultural effects
related to the facility visits of young students and the general public. These sources of impact



result also pivotal in other case studies that do not use the cost-benefit approach and assess
them qualitatively by reviewing the central theoretical literature or taking interviews (COST,
2010; OECD, 2014; Simmonds et al., 2013; Zuijdam et al., 2011). One effect that emerges as
relevant is industrial innovation driven by the technological transfer to Rls high-tech suppliers
(Autio, 2014; Autio et al., 2004). Procurement collaborations between Rls and high-tech
companies trigger learning-by-doing opportunities that induce more significant R&D efforts
and innovative capacity, increasing the firm's productivity and profitability (Castelnovo & Dal
Molin, 2020; Dal Molin & Previtali, 2019; Vuola & Hameri, 2006). However, this theoretical
and empirical literature lacks an analysis of the aggregate level of the long-term regional
macroeconomic effects driven by the presence of such facilities. The above-mentioned socio-
economic impacts have a relevant overall impact on the economy of the hosting region that
triggers economic growth. Rls, as in the case of higher education institutions, may result
beneficial for regional economic performance by promoting regional innovation and
development (Huggins & Johnston, 2009; Huggins & Kitagawa, 2009; Veugelers & Del Rey,
2014) and by contributing to increase the regional stock of high human capital asset (Abel &
Deitz, 2012; Moretti, 2004). There is also a gap concerning the regional geographical
implications. The regional overall economic effect produced by Rls socio-economic impacts
may have a different marginal economic effect in regions with varying levels of development
or geographical context. So far, the first gap is partially addressed by the work of Del Bo
(2016), which provides a preliminary analysis of the returns to R&D investments in significant
RIs in Europe. An aggregate study of the long-term effect is carried out on two measures:
cost-effectiveness ratio and the citations of scientific publications produced within the Rls.
They capture the return on investment in economic and knowledge creation terms,
respectively. Overall, the return is higher the more extended the RI lifecycle is, suggesting that
RIs with more extended duration experience some economies of scale (Del Bo, 2016). The
dataset used contains information on all European Rls, and it is a previous version of the one
employed in our study. However, the regional dimension and the geographical implications
are not considered. The second gap is also partially addressed by the work of Robbiano (2022).
The regional level economic growth impact is estimated for one public funded research
institution (the Italian Institute of Technology) of which Rls are one specific type (See Llanos-
Paredes, 2023). Results suggest that the GDP per capita of the hosting region is positively
affected by the location of the Italian Institute of Technology (Robbiano, 2022).

This work contributes to the existing literature in two main ways. First, it offers a first attempt
to study the RIs socio-economic effect at the aggregate regional level. Secondly, it evaluates
the impact of Rls on the economic growth of the EU regions where they operate and how
this effect varies according to different regional contexts. To do so, an original dataset that
collects information on 667 Rls built-in between 1900-2019 in 148 EU NUTS 2 regions is
combined with data from different sources. Data on Rls is provided by the Mapping of the
European Research Infrastructures Landscape portal (MERIL henceforth). Data on growth,
socio-economic conditions, innovation and geographical statistics are provided by Eurostat
and OECD.



3 RIS’ location choice and regional economic growth mechanism

3.1 Site selection process

Rls are projects whose design and development require a significant amount of time and
coordinated work of experts in different fields. In recent years, roadmaps have gained
popularity to facilitate their design and their development process. These are long-term
strategic plans elaborated jointly by two main actors, namely the scientific community and the
governmental authorities. Scientists’ role mainly involves the organisation of bottom-up
consultations required to choose among competing choices as well as the development and
support with solid evidence of the scientific case for which the Rl is built for. More precisely,
they are asked to prove the scientific excellence and relevance, the socio-economic impact, the
user strategy and access policy, and the e-needs (ESFRI, 2019). Policymakers oversee non-
scientific relevant aspects such as political and societal goals, national and/or regional
development goals, and links to innovation, economic competitiveness, technology
development and job creation. As such, roadmaps are characterized by well-defined explicitly
stated contexts, goals, procedures, and outcomes. Their purposes include the willingness to
improve the policy-making process by avoiding lobbying of scientific communities, the
participation in the general debate about future Rls, and the identification of projects, precisely
to implement by reflecting the consensus of both policy makers and scientific communities
(OECD, 2014).

In the EU context, new Rls projects are identified through two main types of roadmaps,
European and national®. The former ones are developed by the ESFRI which is established to
develop strategic roadmaps to prioritise RIs of pan-European relevance for the next 10-20
years. Most of these Rls, due to the relevance of their scientific case as well as their physical
size, are supported and developed by more than one EU member state. This roadmap is
updated on average every two years to include new Rls projects and to amend the status of
those already on the previous roadmaps list. The ESFRI also encourages and supports EU
member states in the development of national roadmaps. These include RlIs that are strategic
for single member states and enable countries to set priorities and to earmark funds for both
national and pan-European Rls. National roadmaps are required to be linked to the regional
Smart Specialisation Strategies (S3) as a pre-condition to the use of European Structural and
Investment Funds. Within the roadmap development process, either European or national,
the site (in some cases more than one) is selected following a step-by-step process. The
selection process consists of two stages through which the competing sites are ranked. The
first one is the site characterization, which implies mainly scientific analyses of the sites to
verify to what extent the minimum requirements of the scientific case are met by each site.
This phase is quite relevant for RIs whose activities” success is site dependent. For instance,
the geophysics characteristics of the site are pivotal for underground Rls or sky clarity in the
case of astronomical observatories. Once the scientific quality requirements of the competing
sites are met, the final decision is taken by considering several key requirements of the sites
that are of political relevance. They include 1) the presence of a strong and recognised scientific
community in the field of the RI; 2) a relevant availability of financial resources to cover the
construction and operating phases; 3) the quality of the organisational structure, and the
scientific, technical and managerial leadership; 4) the capability of building an integrated system

3 https:/ /www.esfri.eu/esfti-roadmap



in support of firms, with other local and non-local actors such as research institutes,
universities, governments and other public intuitions; and 5) the capability to build
international partnerships . Since there is not any official document that rules the site selection
process, the RI supporting community — scientists, experts, and policy makers — defines their
inner organisational structure and the rules of the game to take the final decision. Therefore,
the RI hosting site is selected through the agreement of opposing site supporting communities
in which the main role is played by the political aspects mentioned and the policy makers that
fund the project. Such a political bargaining process acts as an exogenous policy change useful
to understand the impacts of public funded research institutions, like RIs, on hosting regions
(Robbiano, 2022).

3.2 Mechanism of RIs’ impact on regional economic growth

Once the construction phase is concluded and the RI starts to be operational, the activities
carried out at the facility generate, as reported in section 2, several sources of socio-economic
benefits at different geographical levels: local/regional, national, and global. Their overall
aggregate local/regional portion is quite significant and leads to an increase in the economic
growth of the hosting region. Figure 1 schematizes the mechanism through which the Rls
operating activities yield different kinds of sources of effects to the regional economy and
society and how they trigger economic growth. Every year an annual budget is allocated to
remunerate and acquire the inputs needed to run the RI activities and precisely: the workforce
including administration staff, researchers, technologists, engineers, trainees and so on; and
goods and services provided by suppliers such as the software and equipment to run
experiments, utilities, maintenance, canteen, and cleaning services et cetera. These
expenditures produce distinct positive effects on the society and economy of the RI
surrounding area, as well as the hosting region, country, and abroad. Although these facilities
are often characterised by the national and global relevance of their scientific and innovation
outcomes, the hosting region absorbs a significant part of these effects. The main reason is
that a large part of the inputs procurement and more in general the activities carried, involve
both local and regional actors including firms, universities, and other public and private
research institutions (OECD, 2019; Simmonds e7 a/, 2013; Scaringella and Chanaron, 2016;
Flotio et al., 2018).

4 https:/ /www.esfri.eu/esfti-roadmap



Figure 1. RIs operating phase impact mechanism on regional economic growth
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In general, two broad classes of sources of impact are identified according to the literature
mentioned in Section 2, namely the economic impact and the social impact. Sources that
belong to the first class are those characterised by a more direct effect in economic terms, such
as the increase in employment related to the Rl staff and suppliers, and the RI-driven increase
in demand for goods and services. These trigger an overall demand increase — RI expenditure,
employees’ consumption, suppliers’ expenditures, suppliers employee’s consumption, and so
on — increase that affects the whole regional supplying chain through a ripple effect explained
with the Keynesian multiplier (OECD, 2019; Simmonds e# /., 2013; Scaringella and Chanaron,
2016; Florio, 2019). The outcome is an increase in the region’s economic performance in terms
of economic output, value added, income and employment. The social impact is yield by
distinct effects whose source and outcome are less and indirectly linked to the economic effect.
However, they are quite relevant to enhance the performance of an economy. As reported in
Figure 1 five main sources generate social impacts:

L Young scientists training;

1L Collaborations with suppliers;
I11. Knowledge creation;

1V. Outreach activities;

V. Ethnic and cultural interactions.



RIs operate as hubs of talent by attracting graduate and doctoral students, postdoctoral fellows,
trainees, and young scientists in general from the regional universities as well as from other
regions and countries. They gain precious experience by working in a vibrant environment to
solve challenging problems with experts in the field. The influence on their skills and
knowledge is significant as well as the effect on their career (Florio, 2019). An emblematic
example is that reported by Giacomelli (2019) of CERN Alumni survey (2018), young students
and researchers that gained work experience at CERN facilities find occupations in several
private sectors domains, apart from academia, such as information technology,
telecommunications, engineering, electronics, energy, health, consulting and so on. The related
social effect is the enhancement of human capital quality both within and outside the region.
The third and fourth sources of effects concern the knowledge creation and dissemination
processes that take place during Rls operations including research experiments and
technological development. Two main kinds of knowledge accrue from these operations,
codified knowledge, and tacit knowledge or knowledge spillovers. Codified knowledge is the
main output of RIs which mainly refers to scientific knowledge through articles and reports,
but also patents and licences (Florio & Sirtori, 2016a; Helmers & Overman, 2017). The two
corresponding social effects of these forms of codified knowledge are the one to science and
scientists by allowing science advancement and scientists’ publications and careers; and the
one to technological and industrial innovation triggered by the discoveries codified through
scientific articles, patents, and licenses. The innovation effect accrues also from the second
type of knowledge mentioned above. Codified forms of knowledge cannot avoid it to spill
over from scientist to scientist, or from scientists to firms when interactions between these
two parts happen. Tacit knowledge and knowledge spillovers produce positive externalities to
firms and industries named technological transfer. This is defined as the movement that occurs
both formally and informally of know-how, skills, technical knowledge, or technology from
one organizational setting to another generating economic value and industry development
(Zuniga, 2013). In the case of Rls, such effect goes beyond technology by fostering research
and development management, organization practice, project accounting, commercialization
techniques, etc. The channels through which it takes place include joint research projects
between RIs and industry, contractual relations (consultancy, certification services, technology
licensing to established firms, start-ups, spin-offs, and so on) (Florio, 2019). As mentioned in
Section 2, an important mechanism of knowledge spillover is public procurement for
innovation. Rls often collaborate with high-tech firms to develop new technologies and find
solutions to equipment problems that are required during scientific experiments. This
collaboration between scientists and firms gives the opportunity to Rls suppliers, as well as
second-tier suppliers, to acquire precious knowledge that leads firms to increase their R&D
efforts and innovative capacity and consequently their productivity and profitability
(Castelnovo & Dal Molin, 2020; Dal Molin & Previtali, 2019; Vuola & Hameri, 2000).
Outreach activities are another source of social impact. They include all initiatives whose main
goal is to communicate, to the general public, the RI mission and achievements of research
activities and projects such as seminars, open days, schools and public visits. RI facilities often
have a visitors’ venue with permanent exhibitions as well as a calendar of guided tours and
public events. In addition, Rls disseminate their work and outcome through newspapers,
magazines, television, and radio broadcasting as well as through social media. These
communication strategies reach a large audience regardless of the background. The consequent



social outcome, besides knowledge dissemination, is the increase in the attractiveness of the
area in relation to the science tourism generated by the RI (OECD, 2019). Certainly, on-site
visits and events involve smaller numbers of visitors compared to mass and social media, but
they are able to increase the annual flow of visitors by some thousands to the local area and
region even in the case of less known Rls (Florio, 2019). Finally, RIs attract to the surrounding
area and region high-quality personnel — that move permanently or for a short period —
possibly from other regions or abroad, with different cultures and religions. The interactions
between them and the local community and cultural environment contribute to building a
cosmopolitan community that is beneficial for many aspects identified as drivers of social
capital increase (Beck & Charitos, 2021; Florio, 2019; Simmonds et al., 2013). Social capital
refers to a wide range of social activities and connections — understandings, customs and
informal rules — between individuals and groups or other entities, as well as shared norms and
values that facilitate economic actors, and individuals in general, to trust each other and work
together more efficiently and pursue shared objectives (Putnam, 2000; Leonardi, Nanetti and
Putnam, 2001; OECD, 2001).

These six main effects — economic and social — are channels of regional economic growth.
The increase in demand is a determinant of economic growth as explained in the Keynesian
growth model (North, 1955). The presence of high human capital assets is associated with
higher regional economic growth because it is more productive and it generates positive
spillovers on peers that foster innovation and growth (Abel & Deitz, 2012; Faggian et al., 2019;
Moretti, 2004). The nexus between knowledge spillovers, innovation and regional economic
growth is also proven to be positive (Crescenzi & Rodriguez-Pose, 2011; Malecki, 2018;
Rodriguez-Pose & Crescenzi, 2008; Rodriguez-Pose & Villarreal Peralta, 2015). The
relationship between tourism and growth is also positive (For a complete literature review on
this topis see: Brida, Cortes-Jimenez, and Pulina 2016). Finally, there is also evidence that social
capital works as a catalyst for local and regional growth (Beugelsdijk & Smulders, 2009; Egeln
et al., 2004; Rodriguez-Pose, 1999).

4 Data

4.1 RIs data

Data on the European Rls come from the MERIL5 online platform. This platform is the
outcome of a project that started in 2010 and was supported by the European Commission
under the Framework Programme 7. It also receives funding from the European Union's
Horizon 2020 research and innovation programme, and it is coordinated by the European
Science Foundation (ESF)S, which is also in charge of data collection, management, and
project communication. The platform provides access to a database that stores information
about openly accessible Rls in Europe, across all scientific domains, including the social
sciences and humanities. The database includes a list of identified, eligible Rls, and a set of
data for each individual RI, collected and displayed in a standardised way. Precisely, MERIL
contains information on about 1,042 European Rls. These include research facilities that differ
considerably one from the other. For instance, it includes large facilities with high

5 https://portal.meril.eu/meril/
¢ https:/ /www.esf.org/
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technological content such as radio telescopes or particle accelerators as well as data archives
and museums. This information is gathered in a standardised format through a questionnaire
voluntarily completed by the coordinators and staff of the Research Infrastructures (RIs) who
chose to participate in the portal and publish their details. The questionnaire is built on three
main sections: the core data; the additional data; and the advanced data. The first module
encompasses essential identification details pertaining to the RI and its hosting organization.
It includes contact information, localization details, as well as a concise description of the
scientific objectives and the range of services provided. The set of data within this section is
compulsory, it needs to be complete for the RI entry to be published and thus visible on the
public portal. The second module is non-compulsory and includes information on the
networks, access, users, and ESFRI projects. Also, the third section is non-compulsory. The
data collected within this module concern information that can be used for impact assessment
and evaluation purposes such as employment, training, services, publications, patents,
technological transfer, start-ups, and costs and funding. However, it is worth noting that the
majority of Rls have provided limited information in the second and third sections, resulting
in a lack of statistical representativeness in many cases. Consequently, a significant portion of
the data utilized in our analysis primarily pertains to the core data section. The present analysis
focuses on 667 Rls of which MERIL provides information on their localisation that allows
retrieving the respective NUTS 2 region.
Table 1 provides a concise overview of the primary characteristics of RIs. Among the total of
667 Rls, 34 are recognized as ESFRI projects, denoting their pan-European significance in
terms of scientific relevance and scale. Out of the 612 RIs for which information is available,
they can be classified into four main types:

1. Single sited centres with a single location, comprising 396 Rls (59.4%);

1I. Distributed centres with multiple sites, accounting for 126 Rls (18.9%);

I11. Mobile research facilities that are not stationary, such as vessels or satellites,

totalling 9 Rls (1.4%);

IV. Virtual research facilities with a virtual dimension, such as data archives,

encompassing 81 RIs (12.2%).
These facilities conduct research activities in different scientific domains and often one RI
operates in more fields. 645 Rls have provided information about the scientific fields of their
research activities. According to the scientific domain stated as first by each Rls, three domains
out of eight register the highest share. These are biological and medical sciences (23%); physics,
astronomy, astrophysics, and mathematics (17.3%); earth and environmental sciences (14.4%).
The rest of the shares range between 5% and 10%, chemistry and material sciences (10%),
engineering and energy (9.8%); information science and technology (8%); humanities and arts
(6.5%); and social sciences (8%). However, a large part of the sample (40.6%) is
multidisciplinary in its research activities.
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Table 1. RIs features

RI feature Frequency Percentage Data availability
ESFRI projects 34 5.1% complete
RI type: on 612 RIs
Single-sited 396 59.4%
Distributed 126 18.9%
Mobile 9 1.4%
Virtual 81 12.2%
Scientific domain on 645 RIs
Inf. sciences & Tech 53 8%
Bio. & Med sciences 153 23%
Earth & Environ.
sciences 96 14.4%
Phy., Astroph. & Math 115 17.3%
Chem. & mat. sciences 67 10%
Eng. & Energy 65 9.8%
Social Sciences 53 8%
Hum. & Arts 43 6.5%
Multidisciplinaty 271 40.6% on 649 Rls

Source: authors’ elaboration on MERIL’s portal data

As Figure 2 shows, the majority started their operating phase during the second half of the
twentieth century to date. Particulatly, the last three decades registered an exponential increase
in the number of operating Rls across Europe with 404 new centres being operative out of
the 513 for which the operational phase status year is available.

Table 2 shows how the allocation of RIs endowment varies across 26 different EU member
states under analysis. A notable observation is that a significant 51.3% of these Rls are
concentrated within just six countries. Specifically, these countries are Germany (17.1%),
Netherlands (9.0%), Spain (8.2%), France” (7.0%), Belgium (5.3%), and Italy (4.7%). The
shares of RIs hosted by the remaining 20 countries vary from 4% (Czechia, Finland, Ireland,
and Portugal) to less than 1% (Poland and Bulgaria).

745 Rls operating in the Ile de France region are not considered since it is an outlier.
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Figure 2. Operating Rls timespan distribution
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Table 2. RIs’ distribution across EU countries
Country Frequency Percentage Country Frequency Percentage
Austria 24 3.6 Ireland 35 4.1
Belgium 35 53 Ttaly 31 4.7
Bulgaria 4 0.6 Latvia 9 1.4
Croatia 7 1.0 Lithuania 9 1.4
Cyprus 12 1.8 Luxembourg 15 22
Czechia 28 4.2 Malta 1 0.2
Denmark 8 1.2 Netherlands 61 9.0
Estonia 9 1.3 Poland 6 0.9
Finland 27 4.0 Portugal 29 4.3
France 46 7.0 Romania 24 3.6
Germany 114 171 Slovenia 20 3.0
Greece 19 2.8 Spain 55 8.2
Hungary 22 3.3 Sweden 17 2.5
Total 667 100

Source: authors’ elaboration on MERIL’s portal data
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Figure 3 shows how the concentration of operating Rls varies across the NUTS 2 regions of
the 26 EU countries. Out of 230 regions, 139 host the 667 Rls. The highest level of
endowment is registered in 16 regions that host more than 12 and up to 21 Rls. 35 regions
register a high level of endowment of between 5 and 11 Rls. Finally, more than half of the
overall regions which host Rls have a low level of endowment (between one and 4 Rls).
Precisely, 41 regions have only one RI and 47 have between 2 and 4 Rls.

Figure 3. Geographic distribution of Rls per NUTS 2 region
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Source: authors’ elaboration on MERIL’s portal data

4.2 Other variables

As mentioned above, this work focuses on the economic growth effect driven by Rls in EU
NUTS 2 regions for two different periods: 2001-2020 and 1981-2020. The first period analysed
considers 230 NUTS 2 regions of 268 EU member states while the second examines 148
NUTS 2 regions of 10 states among the first EU-12° members states. This differentiation
enables to take into account the enlargement process of the EU over the overall timespan
considered (1981-2020) and thus test if the impact magnitude varies between the two groups
of regions. It also facilitates testing the durability of the results over the 40-year term while
capitalizing on the availability of data. Therefore, the analysis employs two cross-sectional

8 See footnote 1 for the complete list of these countries.
? See footnote 2 for the complete list of these countries.
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datasets whose variables are summarised in Tables 3 and 4. The information on the regions
RIs endowment is combined with regional socio-economic statistics available on Eurostat and
OECD databases. The dependent variable, which measures the regional economic growth, is
the growth in GDP per capita in purchasing power standard (PPS). For the EU26 regions, the
measurement covers the period from 2001 to 2020, while for the EU-12 regions, it spans from
1981 to 2020. In addition to the dependent variable, two relevant explanatory variables are
taken into consideration: the endowment of Rls and their age. The first one refers to the
number of operating Rls in the region and the second one it is the average age of the operating
RIs in a same region. Regions are then compared in terms of their socio-economic and
innovative structure at the base year of the two periods analysed, respectively 2000 and 1980.
Population proxies the size of the region and its economy. Regions’ innovation capacity is
proxied by the stock of patents filed!0. GDP per capita in PPS is a measure of the initial level
of development. Physical capital measures the extent of physical capital endowment and the
corresponding investments made.!! Finally, the level and quality of human capital is proxied
by the share of labour force with tertiary education. Note that, in the analysis, we consider the
natural logarithm of the independent variables.

Table 3. Variables descriptive statistics. EU206 regions

Variable Obs Mean Std. Dev. Min Max
GDP growth 2001-20 230 0.03 0.02 -0.01 0.07
Log RIs endowment 230  0.89 0.91 0.00 3.09
Log RIs endow. avg. age 230  1.85 1.55 0.00 4.56
Log population 230 1410 0.82 10.15 16.00
Log innovativeness 230 0.0007 0.0009 2.90e-6  0.005
Log GDP per capita 230 9.67 0.51 8.12 10.77
Log of physical capital 230 0.03 0.014 0.004 0.13
Log human capital 230  0.15 0.06 0.05 0.36

Source: authors’ elaboration

10 The stock of patents is estimated using the Perpetual Inventory Method with 1977 as base year.
1 The physical capital stock is estimated using the Perpetual Inventory Method with 1980 as base
yeat.
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Table 4. Variables descriptive statistics. EU-12 regions

Variable Obs Mean Std. Dev. Min Max
GDP growth 1981-20 148  0.04 0.18 -0.01 0.07
Log RIs endowment 148 092 0.90 0.00 3.09
Log RIs endow. avg. age 148  1.95 1.56 0.00 4.22
Log population 148  14.07 0.89 11.63 16.00
Log innovativeness 148  0.00006 0.001 8.73¢-07  0.0005
Log GDP per capita 148 8.63 0.60 7.38 10.08
Log of physical capital 148  0.02 0.017 0.004 0.13
Log human capital 148 0.15 0.06 0.05 0.36

Source: authors’ elaboration on MERIL’s portal data

5 Empirical Strategy

To verify the role of regions RIs endowment and its age on regional economic growth and the
extent of the direct and indirect effects across regions, we employ a Spatial Durbin Model as
in other contributions on regional economic growth (see Ertur and Koch, 2007). Using such
a model rather than another spatial specification, is supported by some theoretical motivations.
It produces unbiased coefficient estimates even if the true spatial data-generating process is a
spatial lag or spatial error model. Moreover, in the SDM specification, no restrictions are
imposed on the ratio between indirect and direct effects. The direct effect is the impact of a
change in an explanatory variable in a particular region on the dependent variable of the same
region. The indirect, or spillover effect, is the impact of a change in an explanatory variable in
a particular region on the dependent variable of another region (Elhorst, 2010, 2014; LeSage
and Fischer, 2008). Hence, we specify the model as follows:

Y = Bo + Xhey Brxik +p Y= WY+ P Yi=1 Ocwijxi 5 (1)

where i = 1, ..., 1 denotes the 230 regions of the 26 Member States of the European Union
at NUTS 2 level or the 148 regions of the 12 Member States of the European Union at NUTS
2 level; Y is the dependent variable defined as the average GDP per capita growth of the i*"
region over the period 2001-2020 for EU26 regions and over the period 1981-2020 for EU-
12 regions; W is the row-standardised k-neatest neighbours spatial weights matrix (with k =
10)!2; p is the spatial autocorrelation parameter, which measures the intensity of spatial
dependence; X is a vector of covariates for region i including:

12We set k=10 as in Postiglione, Andreano, and Benedetti. 2013 and Le Gallo and Dell’Erba 2006 to
allow regions that are islands being connected to other regions which would not be possible only with
simple binaty contiguity.
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1. The relevant variables:
RIs endowment is the logarithm of the number of operating Rls in the region
RIs endowment age is the logarithm of the average age of the number of
operating Rls in the region
II. The control variables:
e The logarithm of the population of region i at the base year of the two
periods (2000 and 1980)
e The logarithm of the stock patents filed in region i at the base year of the
two periods (2000 and 1980)
e The logarithm of the GDP per capita of region I at the base year of the two
periods (2000 and 1980)
e The logarithm of the stock physical capital of region i at the base year of the
two periods (2000 and 1980)
e The logarithm of the share of the labour force with tertiary education of
region [ at the base year of the two periods (2000 and 1980).
Such specification draws on the regional growth and B-convergence growth models employed
by the main literature (Diaz Dapena, Rubiera-Morollon, and Paredes 2019; Ertur and Koch
2007; Panzera and Postiglione 2022; Postiglione, Andreano, and Benedetti 2013) to which the
two relevant variables described above are added to test the hypothesis of the work. Two
different estimations of the model are computed. The first one considers the impact on
economic growth over 2001-2020 of the 230 NUTS 2 regions of 26 EU member states. The
second estimation is computed on a longer period, from 1981-2020, considering only the 148
regions of 10 countries out of the first 12 that became part of the EU. To verify that the Spatial
Durbin Model is the most appropriate specification for our purpose, we also estimate the
Spatial Autoregressive Model and the Spatial Error Model. We compare the estimations results
for each model and choose the best specification.

6 Results

Table 5 and table 6 present the results of the estimates for the regions sample of the EU 26
member states over the period 2001-2020. More precisely, Table 5 reports the estimates of the
three spatial specifications and table 6 the impact estimates of the Spatial Durbin Model.

As shown in Table 5 the results are quite similar in the three different specifications: SDM,
SAR, and SEM. Rls endowment has a positive effect and is highly significant in all three cases,
thus suggesting that Rls affect the economic growth of their hosting regions. The coefficient
of the RIs endowment mean age appears to be negative, potentially suggesting a detrimental
impact on economic growth. However, it is not significant in all models. The estimates of most
control variables' coefficients align with the literature. The negative and significant coefficients
of the initial level of GDP per capita signal conditional convergence (LeSage & Fischer, 2008;
Postiglione, Andreano and Benedetti, 2013). The estimates of the human capital coefficients,
both non-spatially and spatially lagged, result opposite compared to Postiglione, Andreano and
Benedetti (2013). The first has a positive sign and it is significant and the second is negative
but not significant. The most relevant aspect in these results is the lowest AIC statistic which
serves as indicator of the most suitable model specification. The AIC statistics for the SDM is
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the lowest compared to the other two specifications SAR and SEM. This suggests that the
SDM is the most appropriate specification.

Table 5. Estimations results. Period 2001-2020. 230 NUTS 2 regions

Dependent variable:

GDP growth 2001-20 SDM SAR SEM
RIs endowment 0.003*+* 0.002%* 0.003***
(0.001) (0.001) (0.001)
RIs endow. avg. age -0.0001 -0.0003 -0.004
(0.0005) (0.0005) (0.0005)
Physical capital 0.030 0.049 0.051
(0.054) (0.050) (0.055)
GDP per capita -0.014#%* -0.012%%* -0.017+%%
(0.003) (0.002) (0.003)
Innovativeness -0.658 1.136* 0.048
(0.852) (0.621) (0.864)
Human capital 0.038*+* 0.023%%* 0.041#%*
(0.012) (0.009) (0.012)
Population 0.0004 0.001 -0.0001
(0.001) (0.001) (0.001)
lag. Rls endowment 0.0002
(0.003)
lag. Rls endow. avg. age -0.0005
(0.002)
lag. Physical capital -0.040
(0.138)
lag. GDP per capita 0.001
(0.005)
lag. Innovativeness 4.320%*
(1.352)
lag. Human capital -0.039
(0.020)
lag. Population 0.004**
(0.002)
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Observations 230 230 230

sigma?2 0.00005 0.0001 0.0001

AIC -1,592.759 -1,584.719 -1,576.694
Wald Test (df = 1) 97.565%** 215.298%** 476.123%**
LR Test (df = 1) 64.0207%* 114.113%* 106.088***

Standard error in parentheses
*HF p<0.01, ** p<0.05, * p<0.1

As mentioned in Section 5, the interpretation of the SDM should be based on the estimated
impacts rather than the estimated coefficients. Because of the spatial dependence effect that is
incorporated in the model, a change in an explanatory variable for a single spatial unit has a
direct impact on the dependent variable at the same unit as well as an indirect effect on the
dependent variable of neighbouring units. LeSage and Pace (2009) proposed scalar summary
measures for these impacts. The average direct impact, averaged over all regions, provides a
summaty measure of the impact arising from changes in the i — th observation of a covariate
7 on the dependent variable of the i — th region and also includes feedback influences that
arise as a result of impacts that, starting out from a spatial unit, pass through neighbouring
units and come back to the unit itself. The average indirect impact reflects spatial spillovers
and precisely how a change in an explanatory variable in all regions influences the economic
growth of a particular region 7 (LeSage and Pace 2009). The sum of the average direct and
indirect impacts measures the average total impact (LeSage and Pace 2009). Table 6 shows the
average direct, indirect, and total impacts that would arise from changing each explanatory
variable of the SDM specified in section 5 for the 230 regions of EU 26 member states
economic growth over the period 2001-2020. A set of 1,000 draws is used to produce the
impact estimates and inferences regarding their statistical significance.

The RIs endowment impacts — direct, indirect and total - are positive. However, only the direct
impact is significant. Such results allow only saying that RIs endowment is positively correlated
with economic growth only for the Rls hosting regions. The negative and statistically
insignificant impact estimates of the RIs endowment age, as shown in Table 5, do not provide
evidence to conclude that the RIs' average age significantly influences the impact. The negative
sign of the direct, indirect and total impact of the initial level of the GDP confirms the
conditional f-convergence hypothesis as in LeSage and Fischer (2008) and Postiglione,
Andreando, and Benedetti (2013). The average direct impact of human capital is significant
and positive, as in LeSage and Fischer (2008), while the corresponding indirect is negative but
not significant. Such a result gives evidence of the contribution of the quality of human capital
to economic growth (LeSage & Fischer, 2008).
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Table 6. Spatial Durbin Model impact estimates on economic growth between 2001-2020

Impact measures: Direct Indirect Total

RIs endowment 0.0034*** 0.0130 0.0165

RIs endow. avg. age -0.0002 -0.0017 -0.0019
Physical capital 0.0277 -0.0622 -0.0345
GDP per capita -0.0152%%* -0.0279%+* -0.043 10
Innovativeness -0.2429 12.2102%** 11.9673***
Human capital 0.0362*** -0.0410 -0.0048
Population 0.0009 0.0145*** 0.0153***

Note: *p<0.1 **p<0.05 ***p<0.01

Table 7 and Table 8 present the results of the estimates for the region sample of the EU 12
member states over the period 1981-2020. Table 7 reports the estimates of the three spatial
specifications, and Table 8 the impact estimates of the Spatial Durbin Model.
Also, in this case, results are similar across the three different specifications: SDM, SAR, and
SEM. The results presented in Table 7 are largely consistent with those in Table 5, except for
the negative and significant coefficient of the average mean age of Rls in all three specification
implying that older endowments have a lower effect on economic growth. The RIs endowment
coefficient is again positive and significant. It is worth noting that the SDM exhibits the lowest
AIC statistic among the three models also in this case, suggesting that it represents the most

suitable model specification.

Table 7. Estimations results. Period 1981-2020. 148 NUTS 2 regions.

Dependent variable:

GDP growth 1981-20 SDM SAR SEM
RIs endowment 0.003*** 0.002%** 0.003%**
(0.001) (0.001) (0.001)
RIs endow. avg. age -0.001*%** -0.001* -0.001*%**
(0.0004) (0.0004) (0.0003)
Physical capital 0.040 0.013 0.045*
(0.027) (0.030) (0.027)
GDP per capita -0.024** -0.020%** -0.026%**
(0.001) (0.001) (0.001)
Innovativeness 11.153** 15.718*** 11.264%*
(5.005) (5.551) (5.103)
Human capital 0.040%** 0.031%** 0.039%x**
(0.011) (0.009) (0.011)
Population -0.0004 0.0002 -0.0001
(0.0005) (0.001) (0.001)
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lag. RIs endowment 0.0002

(0.002)
lag. RIs endow. avg. age -0.0005

(0.001)
lag. Physical capital -0.120*

(0.069)
lag. GDP per capita 0.018%**

(0.003)
lag. Innovativeness 17.618*

(10.075)
lag. Human capital -0.023

(0.019)
lag. Population 0.003%**

(0.001)
Observations 148 148 148
sigma2 0.00002 0.00003 0.00002
AIC -1,155.056  -1,113.030  -1,152.139
Wald Test (df = 1) 87.249%**x 7. 737***  305.7577***
LR Test (df=1) 41.936%**  53.994%** 93 ]1(3¥**

Standard error in parentheses
skokok p<0-01, % p<0.05, * p<0.1

Table 8 reports the average direct, indirect, and total impacts arising from changing each
explanatory variable of the SDM specified in section 5 for the 148 regions of EU 12 member
states economic growth over the 40-year period 1981-2020. As in the case of the EU 26
regions, we also employ a set of 1,000 draws to generate impact estimates and to make
statistical inferences about their significance. With respect to the impacts of the Rls
endowment, the estimates confirm the positive sign of those reported in Table 6 for regions
the 26 EU member states considered. Their magnitude is slightly higher compared to those in
Table 6. The impacts estimate for the RIs endowment age of the EU-12 regions sample differ
from those of the EU 26 member states. The magnitude of the three impacts is higher by one
decimal in this case; their sign is always negative, and the direct effect results are significant at
10%. Such a result suggests that the age of Rls in a region negatively affects its economic
growth in the long run. The negative and significant GDP per capita estimates in Table 8
confirm for the EU-12 sample over the 40-year period 1981-2020, the conditional f3-
convergence hypothesis as in LeSage and Fischer (2008) and Postiglione, Andreano and
Benedetti (2013) also proven in Table 6.
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The estimates of Innovativeness are all positive and highly significant. Their magnitude is
considerably higher than those in Table 6 because of the longer timespan that affects the
estimation of the patent stock with the Perpetual Inventory Method, whose base year is 1977
(See footnote 11). Finally, the human capital estimation results suggest, as in the case of the
EU 26 sample, the positive impact on economic growth (LeSage & Fischer, 2008).

Table 8. Spatial Durbin Model impact estimates on economic growth between 1981-2020

Impact measures: Direct Indirect Total
RIs endowment 0.0035%** 0.0022 0.0057
RIs endow. avg. age -0.0012* -0.0042 -0.0053
Physical capital 0.0290 -0.3144 -0.2854
GDP per capita -0.024 26+ -0.0030 -0.02126%¢
Innovativeness 14.2023*** 87.9874*+* 102.1896*F*
Human capital 0.0402*** 0.0198 0.0600
Population -0.0001 0.0107* 0.0106

Note: *p<0.1 **p<0.05 ***p<0.01

7 Conclusion

RIs are special capital-intensive projects whose site-location choice is quasi-exogenous since it
is the result of a political bargaining process which often leads to build them in different
regional socio-economic contexts and can be considered as an exogenous policy change. They
generate multiple socio-economic impacts over different geographical levels, including local,
regional, national and international. These impacts are all drivers of regional economic growth
well-studied by the literature. However, so far, very little is known about RIs' contribution to
the economic performance of their hosting regions. Yet, most contributions study the impact
of one single RI case or, when multiple cases are considered, the focus is on one of the drivers
only. This paper addresses this gap by examining the overall impact on the economic growth
of EU NUTS 2 regions resulting from the activities of all Rls entities operating within
European regions. It is among the limited number of studies in the literature on RIs' socio-
economic impact assessment that consider the entire landscape of European Rls, enabling the
generalisation of the findings. It also offers a first attempt to examine how such Rls impact
regional growth and generate spillover effects on the economic performance of neighbour
regions. To this end, a Spatial Durbin Model is applied on a B-convergence growth model
augmented with two relevant variables: the regional Rls endowment and the average age of
the RIs endowment. Two original cross-sectional datasets, with information on all the EU RIs,
are used for this purpose. Each dataset considers two different periods and samples of regions.
First, the sample of 230 NUTS 2 regions of 26 European Union member states over the 20-
year period 2001-2020. Secondly, for a longer period of 40 years, from 1981 to 2020, only for
the 148 NUTS 2 regions of 10 EU-12 member states. Dividing the analysis into these two
periods offers several advantages. It allows for the examination of the EU enlargement
process, testing the robustness of the results over a 40-year timeframe, assessing potential
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variations in the impact magnitude between the two samples, and making the most of the data
availability for EU-12 regions compared to the EU 26 sample.

Overall, the results align with the main contributions to regional 3-convergence growth. In
addition to this literature, it emerges that EU Rls impact the economic growth of the region
where they operate, thus confirming the hypothesis of this work. Such impact decreases with
a higher average age of the regional RIs endowment, but this is significant only in the long
term and only for the EU-12 sample of regions. The magnitude of the impacts is slightly
greater when solely focusing on EU-12 regions compared to the entire sample of 26 EU
member states. Economic growth spillovers from Rls to neighbouring regions yield positive
results in both sample sets. Nevertheless, it is worth noting that these results are not statistically
significant.

While this study confirms the main hypothesis and makes an original contribution to the
existing literature, it is important to acknowledge its limitations, which could serve as potential
areas for further research and development. One limitation lies in the lack of statistical
significance in spillovers. This result could indicate two possibilities: either spillovers do not
occur, or they might be more localised, potentially taking place at a smaller geographical level,
such as the NUTS 3 regional level, for instance. Another limitation is its inability to capture
variations in the impact across diverse types of regional economies, such as those categorised
by Cohesion policy development levels or less developed regions. Additionally, it does not
explore the influence of different geographical contexts, which could provide valuable insights
into whether the marginal effect varies in various socio-economic settings. Finally, the cross-
sectional structure of the datasets does not allow us to account for dynamic changes over time
and draw causal inferences. This would be a fruitful area for further work. Future studies
should try to distinguish the impacts according to different regional contexts and exploit the
panel data structure to account for time-variant changes in the variables.

Finally, given the rising trend of establishing Rls across Europe (like the Einstein Telescope
and the ACTRIS)!3 this work has some relevant policy implications related to the effectiveness
of the allocation of public resource on Rls projects. For instance, findings can support the site
selection process by informing decision-takers about the potential impacts — in terms of
marginal effect — on economic growth on the competing hosting regions for a Rl project.
Ceteris paribus — scientific requirements are met by competing sites, political and financial
support is sufficient — investing in less developed regions or lagging regions could have higher
return than investing in a more developed region. Moreover, since Rls project require certain
type of environment and geographical context (for example a low population density and a
low industrial activity is required for the Einstein Telescope to operate!'#) that are common to
less developed regions, investments in Rls can be strategically used to help less developed
regions exit their development trap.

13 For a complete list of new Rls projects see the ESFRI Roadmap 2021:
https://roadmap2021.esfri.eu/
14 See Atzeni et al. 2020.
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