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Abstract

The European Union Cohesion Policy for the period 2021-2027 focuses on five
goals to make the European Union smarter, greener, more connected, more social
and closer to citizens. However, a macroeconomic index is proposed as the pre-
dominant criterion for allocating the Structural Funds among regions. In this paper,
we hypothesise that it is possible to take into account new, complementary criteria
that better reflect citizens’ quality of life. To that end, we build a composite index
of socio-economic vulnerability for the 233 regions. The results show that follow-
ing our multidimensional approach for allocating the Structural Funds, there are
remarkable differences in the maps of priority regions. In addition, the COVID-
19 pandemic represents a threat to well-being. Are all regions equally exposed to
COVID-19 in terms of their socio-economic vulnerability? To address this issue, we
estimate multilevel models which indicate that country characteristics interact with
regions’ characteristics to alter patterns of vulnerability. More specifically, increases
in government expenditures in education and an improvement in political stability
would reduce the regional vulnerability or foster the capacity for resilience, whereas
increases in poverty would be associated with greater vulnerability. Likewise, more
vulnerable regions would be the most exposed to the negative socio-economic
effects of COVID-19. However, it is remarkable that several regions of Sweden and
Finland would be among the group of regions whose socio-economic vulnerability
would be the most negatively affected.
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Introduction

The main objective of the European Union (EU) Regional Policy, or Cohesion Pol-
icy, is to reduce the disparities between the levels of development of the regions and
the backwardness of lagging regions. The EU Cohesion Policy for the 2021-2027
Multiannual Financial Framework aims at fostering a modernised regional develop-
ment and cohesion policy focusing on five political goals so that the EU becomes:
(1) smarter, through innovation and digitisation, (2) greener, (3) more connected,
(4) more social and (5) closer to citizens (European Commission, 2018). The EU
will dedicate 34% of its budget over 20212027 to cohesion and values, that is, eco-
nomic, social and territorial cohesion and investment in competitiveness, people and
values (European Commission, 2020a). This is the item that will receive the high-
est amount of commitment appropriations. Structural Funds are the main source of
funding to implement the EU Cohesion Policy.

These guidelines represent significant challenges for the design of the regional
development policies within the scope of ‘beyond GDP’, according to which the
European Commission should develop several indicators that complement the gross
domestic product (GDP) to support policy decisions through more comprehen-
sive information (Commission of the European Communities, 2009). The EU opts
for the increasingly accepted train of thought, stressing that GDP is insufficient to
analyse the overall development and progress of society, and the measurement of
regional development has to struggle with the multidimensional nature of well-being
(O’Donnell et al., 2014; Stiglitz et al., 2018; Van den Bergh, 2009). However, a sin-
gle macroeconomic index is again proposed as the predominant criterion for allocat-
ing the Structural Funds among the regions in 2021-2027.

In this paper, we hypothesise that new complementary criteria could be taken into
account in line with the five goals of EU Cohesion Policy outlined above in order
to better reflect the reality on the ground of the regions. With this in mind, the first
aim of this paper is to construct a composite indicator of socio-economic vulner-
ability (SEVI) that synthesises the position of each EU region (NUTS-2 of the 27
Member States) in 2017 with respect to the five goals of the EU Cohesion Policy for
2021-2027.!

In addition, the COVID-19 pandemic caused by the SARS-CoV-2 coronavirus
represents a threat to people’s well-being and new public policy challenges. World-
wide, the COVID-19 pandemic is a serious threat to the achievement of the Sus-
tainable Development Goals since it is pushing tens of millions of people back
into extreme poverty, putting years of progress at risk (United Nations, 2020a). In
the context of the EU, it is foreseeable that COVID-19 will negatively affect the
socio-economic development of the regions, as well as the quality of life of peo-
ple since COVID-19 is impacting on a wide range of aspects: health and subjective

! Nomenclature of territorial units for statistics level 2 (NUTS-2) is the classification used in regional
statistics and funding allocation which subdivides Member States into regions according to existing
national administrative subdivisions and the population thresholds from 800,000 to 3 million inhabitants.
The EU Cohesion Policy is designed and monitored at NUTS-2 level.
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well-being, social capital, human capital, product markets, financial markets and
public finance (Bittmann, 2021; Bonaccorsia et al., 2020; Fasani & Mazza, 2020;
Fetting, 2020; Giovanis & Ozdamar, 2022; Giovannini et al., 2020; Shek, 2021;
United Nations, 2020b).

Faced with this situation, in its first annual strategic foresight report, the Euro-
pean Commission describes the first lessons of the COVID-19 crisis and introduces
resilience as a new compass for the development of EU policies (European Com-
mission, 2020b). In the report, the European Commission presents resilience dash-
boards in the socio-economic, green and digital dimensions and proposes further
discussion to explore the feasibility of developing a synthetic resilience index. At
the financial level, the EU has approved the Next Generation EU (Euro 750 billion)
to build a more resilient, sustainable and fair Europe through large-scale financial
support for investment and reforms. The majority of funds (Euro 672.5 billion) will
be allocated to the Recovery and Resilience Facility programme to support public
investments and green and digital projects in the crucial first years of the recovery
after the pandemic.

In this scenario, assessing how changes in the environment or covariates of the
regions could affect their socio-economic vulnerability is key for the planning of
Cohesion Policy in order to determine actions that can increase the resilience of
different territories. Accordingly, the second aim of this paper is to check whether
country characteristics interact with regions’ characteristics to alter patterns of vul-
nerability. That is, we check if the structure of regions’ socio-economic vulnerabil-
ity is hierarchical and causes a ‘country effect’ or if the socio-economic vulnerabil-
ity of the regions differs across countries. If this interaction or country effect were
confirmed, the third aim of this paper would be to analyse both the idiosyncratic
and covariate shocks that COVID-19 might represent for the vulnerability of EU
regions. In the context of the EU, formulating objectives 2 and 3 is highly significant
due to the existence of a multilevel governance system with central, state and local
governments in most of the Member States that assume different competences in
matters of public policy affecting citizens’ quality of life. If the hierarchical structure
were confirmed, multilevel modelling would be a suitable approach to address these
two aims since standard estimation techniques could lead to incorrect conclusions
(see Goldstein, 2011; Snijders & Bosker, 2012).

To sum up, this paper aims to achieve three objectives. Firstly, in a first stage,
we build a composite indicator to study the socio-economic vulnerability of the EU
regions in terms of the 2021-2027 Cohesion Policy. Once we have an instrument
(SEV]) to analyse the socio-economic vulnerability of EU regions, in a second stage
we estimate mixed effects models or multilevel models with SEVI as the dependent
variable, which allows us to achieve aims 2 and 3. Figure 1 indicates the two stages
of our work.

The main contributions of our paper are twofold. First, we take the concept of
vulnerability from other fields, such as poverty and economics, where it is studied
at the individual level, and apply it to the level of regions. To this end, we follow
a multidimensional approach to identify the factors driving socio-economic fragil-
ity and resilience in terms of the 2021-2027 EU Cohesion Policy goals and take
into account findings from the first studies on the social and economic effects of
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2nd. Multilevel modelling

1st. Build SEVI (aim 1) )
(aims 2 and 3)

Fig. 1 Two stages in the study of socio-economic vulnerability of the EU regions

COVID-19. Secondly, we exploit the probably little-known potential of multilevel
models to identify the regional and country-level characteristics and/or public poli-
cies associated with resilient behaviour (via random intercept models) and examine
the impact of a shock such as COVID-19 on regional vulnerability (via the random
or stochastic part of the models).

The rest of this paper is structured as follows. ‘‘Conceptual Framework’ sec-
tion focuses on studying the conceptual framework of the 2021-2027 EU Cohesion
Policy and the socio-economic vulnerability, the first step in the construction of a
composite indicator, which in turn provides the basis for the selection and aggrega-
tion of single indicators. ‘‘Data and Variables’’ section presents and justifies the
dataset and single indicators used both to build the composite index and to develop
the multilevel models. ‘‘Empirical Strategy ’ section describes the empirical strat-
egy to build the composite index SEVI, as well as the multilevel modelling approach
to study the shock that COVID-19 could represent. ‘‘Results’” section presents the
main results of our analysis and examines some implications for public policies.
Lastly, conclusions are drawn in ‘‘Conclusion and Discussion’’ section.

Conceptual Framework
European Union Cohesion Policy, 2021-2027

The five objectives of the Cohesion Policy for the period 2021-2027 are framed
in the political guidelines for a strategic long-term vision to achieve the transi-
tion towards a green, digital and fair Europe. To do this, the EU must continue
to develop as a social market economy, as outlined in the Europe 2020 Strategy
(European Commission, 2020b). The social market economy is an integrated
social, economic and political order characterised by having a market economic
policy and a social policy. In turn, the social policy regulates the market eco-
nomic policy. The latter is configured as its greatest difference from neoliberalism
(European Commission, 2010).
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Specifically, the five policy objectives drive investments to foster (European
Commission, 2018):

1. A Smarter Europe through innovation, digitisation, economic transformation and
support to small and medium-sized businesses.

2. A Greener, carbon free Europe, implementing the Paris Agreement and investing

in energy transition, renewables and the fight against climate change.

A more Connected Europe, with strategic transport and digital networks.

4. A more Social Europe, delivering on the European Pillar of Social Rights and sup-
porting quality employment, education, skills, social inclusion and equal access
to healthcare.

5. A Europe closer to citizens, by supporting locally-led development strategies and
sustainable urban development across the EU.

et

The underlying assumption is that these five priorities are mutually rein-
forcing: to improve education levels and increase investment in R&D, inno-
vation and digitisation will improve competitiveness and economic growth in
a sustainable way, thereby fostering job creation and reducing social exclu-
sion. As is customary in the EU Cohesion Policy, the objectives of economic
growth and job creation carry great weight, probably on the erroneous basis
that social cohesion will follow from them (Sanchez & Ruiz-Martos, 2018).
Accordingly, in the 2014-2020 period, the financial weight of the allocation
criteria of the Structural Funds was 86% for relative wealth (per capita GDP)
and 14% for labour market, education and demographic factors. However, a
qualitative change was introduced for the period 2021-2027. In addition to
the above criteria, youth unemployment, migration and greenhouse gas emis-
sions will also be considered for the first time in the distribution of Struc-
tural Funds. More specifically, per capita GDP accounts for 81% of regional
allocations; 15% of labour market, education and demographics allocations;
3% of migration allocations and 1% of climate change allocations (European
Court of Auditors, 2019). The five goals are reviewed below.

Goals 1 and 3 are a continuity of previous planning periods, especially
since the 2000-2006 period, when emphasis was placed on investment in R&D
(Romer, 1994), human capital (Lucas, 1993), industrial innovation (Gross-
man & Helpman, 1994) and the provision of infrastructure or public capital
(Aschauer, 1989) as drivers of economic growth. These models, inspired by
the EU Cohesion Policy, integrated endogenous growth theory and argued that
investment in these special categories of capital increased the productivity of
all factors and therefore promoted economic growth. Subsequently, the concept
of infrastructure was extended to research and innovation. Thus, the Horizon
2020 programme (financial instrument of the Europe 2020 Strategy to develop
EU innovation policy since 2014) introduced the concept of research infrastruc-
ture (European Commission, 2011). Research Infrastructures are facilities that
provide resources and services for research communities to conduct research
and foster innovation. This concept aims to integrate research and innovation
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to promote market-related activities, which leads to a direct economic stimulus
(European Commission, 2020c).

Goal 2 focuses on sustainable growth, which was introduced in the Europe
2020 Strategy as one of the pillars of the EU. Compared to other strategies,
such as the Lisbon Strategy, Europe 2020 constituted a step forward. Since the
publication of the Brundtland Report in 1982, there has been growing aware-
ness of the importance of achieving a balance between the economic, social
and environmental subsystems. Sustainable economic growth is understood as
a growth rate that can be maintained without creating other significant prob-
lems, such as the depletion of resources or environmental problems, especially
for future generations. This goal is rooted in the EU’s objective of competitive
sustainability and cohesion through a new growth strategy: the European Green
Deal. The key aim is to shift towards a sustainable and inclusive economic
model, enabled by a broader diffusion and uptake of digital and clean technolo-
gies (European Commission, 2021a).

Due to the negative effects of the economic crisis on certain groups (the sen-
ior, youth, women, migrants and lower-skilled workers), goal 4 of the Cohesion
Policy focuses on fostering inclusive growth by promoting the European Pil-
lar of Social Rights. In turn, in 2021, and given that the effects of COVID-19
affected these groups more, a new ‘social rulebook’ has been introduced in the
European Pillar of Social Rights to enhance social rights and strengthen the
European social dimension across all policies of the Union (European Commis-
sion, 2021c). The main lines of action that should guide policy decisions in the
Member States and their regions, including the programming of the 2021-2027
Cohesion Policy and the national recovery and resilience plans (European
Commission, 2021c, p. 10), are aimed at reducing the gender employment gap,
decreasing the rate of youth unemployment, reducing early school leaving and
fostering higher education. The underlying idea is that special attention needs
to be paid to young people and the low skilled (including migrants in both cat-
egories), who are more vulnerable to labour market fluctuations. Likewise, the
demographic trends of the EU, marked by an ageing society, represent chal-
lenges for the principles of the Pillar of Social Rights, which focus on pro-
moting health and care and ensuring that everyone in old age has the right to
resources that ensure living with dignity.

Finally, goal 5 aims at promoting locally-led development strategies and sus-
tainable urban development, with the objective of satisfying local objectives
and needs and contributing to the smart, sustainable and inclusive growth of
the EU. This local development strategy has also been a key factor in the EU
Cohesion Policy since the 2000-2006 period. The approach is largely inspired
by local development theories whose basic idea is to identify and enhance com-
petitiveness factors at the local level (see Scott & Garofoli, 2007). COVID-19
has highlighted the importance of strengthening the resilience of urban areas
to promote the well-being of inhabitants with challenges such as sustainable
mobility and consumption, the treatment of urban waste through recycling, or
the need for housing for new urban dwellers (European Commission, 2020b).
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Vulnerability

Resilience

Fig.2 Components of socio-economic vulnerability

Regional Socio-Economic Vulnerability in the European Union

Studies on vulnerability have been carried out in a range of fields. The fields that
have probably received the most attention are poverty (Acconcia et al., 2020; Azeem
et al., 2016; Gallardo, 2020), climate change, and physical vulnerability to natural
disaster (Halkos et al., 2020; Marulanda Fraume et al., 2020) and financial or eco-
nomic vulnerability (Alessi et al., 2020). Vulnerability is defined in a various ways
in the literature (for a review, see Acconcia et al., 2020; Gallardo, 2018; Mina &
Imai, 2016), so a crucial step of this study is to define the conceptual framework of
socio-economic vulnerability. This is also important because the conceptual frame-
work will determine the empirical strategy of our study.

In general terms, vulnerability refers to the propensity or predisposition to be
adversely affected together with the difficulty of reacting. The most recent vulner-
ability studies encompass a variety of concepts grouped into two broad forms: sen-
sitivity or fragility to suffer harm, and the capacity to cope and adapt or resilience
(Azeem et al., 2016; Halkos et al., 2020; Marulanda Fraume et al., 2020). Figure 2
shows this idea.

Under this framework, socio-economic fragility refers to the predisposition to
suffer harm from the disadvantageous conditions and relative weaknesses related
to social and economic factors (Cardona, 2004). In this vein, the 2020 Strate-
gic Foresight Report (European Commission, 2020b) identifies groups and areas
that have suffered the effects of the pandemic most and face greater difficulties
in coping with the effects of the COVID-19 shock. For example, residential care
facilities and support services for older people and persons with disabilities were
structurally fragile and unprepared to cope with and control the spread of the
coronavirus. Other groups that have shown to be more fragile are students from
disadvantaged backgrounds because they were less likely to benefit from online
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learning and lower skilled workers that were more likely to be employed in ‘con-
tact jobs’ with greater exposure to the virus.

On the other hand, resilience is the ability to face shocks and persistent struc-
tural changes (e.g. digital transformation, globalisation and climate change) that
affect people and society in such a way that current societal well-being or quality
of life is preserved (Alessi et al., 2020; Benczur et al., 2020). Therefore, a resilient
society aims to sustain its level of individual and societal well-being in an inter-
generational fair distribution, that is, by ensuring current well-being without seri-
ously compromising that of future generations (Manca et al., 2017, p. 6). Adap-
tation and transformation are key to bouncing forward. In this regard, the 2020
Strategic Foresight Report (European Commission, 2020b) highlights that the
EU’s social and economic resilience rests on its population and its unique social
market economy. Among the key points to enhance resilience against COVID-
19 are access to education and social protection, flexible work arrangements and
a highly skilled workforce. Consequently, in the context of the EU 2021-2027
Cohesion Policy, the degree of a region’s socio-economic vulnerability might be
estimated by a composite indicator built from a system of single indicators able
to take into account these policy goals. At the same time, this system of indica-
tors should allow identifying the socio-economic weaknesses of the regions, as
well as defining the social and economical dimensions related to how a region is
able to respond to the pressure from these dimensions, and whether it is capable
of adapting to those pressures to deliver well-being in a sustainable way. Under
this framework, the situation of a region with a greater degree of socio-economic
vulnerability might be understood as having greater obstacles or found in a worse
position to achieve the Cohesion Policy goals (2021-2027). In short, our premise
is that socio-economic vulnerability is a latent variable, since it is a concept or
construct which cannot be measured or estimated directly, but rather indirectly
using collectable social and economic indicators.

Once we achieve an instrument to analyse the socio-economic vulnerability of
EU regions in terms of the 2021-2027 Cohesion Policy goals, the next step is
to study how a situation of economic and social stress such as the COVID-19
pandemic could affect regional vulnerability. In this vein, societies that are more
resilient to disturbances will also be able to ensure a higher level of well-being or
quality of life as the shock will have a less severe impact on them (Alessi et al.,
2020; Manca et al., 2017). Taking into account the magnitude and duration of
the COVID-19 effects, especially compared to previous experiences such as the
SARS outbreak of 2003 (see for instance Lee & McKibbin, 2004; Keogh-Brown
& Smith, 2008), it is reasonable to hypothesise that regions’ socio-economic vul-
nerability will not only be affected by their particular variables or characteristics,
but also by the country’s characteristics (for example, public policies at the coun-
try level). This region-country interrelation may determine the degree to which a
region is affected by the COVID-19 shock. Econometric multilevel modelling is
a proper quantitative method to address these issues since it allows incorporating
observed variables at both the regional and country levels among the explanatory
variables.
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Data and Variables
Data and Single Indicators to Build the SEVI

To develop the socio-economic vulnerability index (SEVI) in the EU regions, we
use the official statistics of EUROSTAT and OECD at the NUTS-2 level which
is the basic unit for the application of regional policies. We work with the most
recent regional territorial classification, known as NUTS 2016, which entered into
force on 1 January 2018 in accordance with the Commission Regulation (EU)
2016/2066. The overseas NUTS-2 territories have not been taken into account in
this study (Ceuta and Melilla in Spain; and Guadeloupe, Martinique, Guyane, La
Réunion and Mayotte in France). A total of 233 EU regions or NUTS-2 territories
are studied.

In order to develop a system of indicators capable of representing how a region
is able to respond to the pressures and challenges of the 2021-2027 Cohesion
Policy, we selected 16 single indicators. For the system of indicators to be bal-
anced, eight representative indicators of the socio-economic weakness or fragility
of the regions and eight representative indicators of the capacity of the regions to
face challenges or structural changes have been chosen. The eight single indica-
tors of fragility have positive polarity, which means that an increase in the indi-
cator could also lead to an increase in socio-economic vulnerability. Conversely,
the eight single indicators of resilience have negative polarity, which means that
an increase in the indicator could lead to a reduction in vulnerability. Appendix
Table 5 presents the definitions and technical information of the single indicators.
The values of the single indicators have been obtained as the average of the last
two available years, including in all cases (except R&D) the year 2017, as is the
usual practice in matters of EU Cohesion Policy.

The selection of single indicators has essentially been guided by the five goals
set by the European Commission (2018) for the Cohesion Policy 2021-2027
mentioned above, as well as by plans, strategies and projects of the EU approved
in the context of the COVID-19 crisis that also use monitoring indicators in areas
related to the five goals of the EU Cohesion Policy. Appendix Table 6 displays
the 16 single indicators with the EU official documents that guided our choice of
single indicators indicated in the right column. In any case, our selection has been
determined by the availability of statistical information, which is quite scarce
at the NUTS-2 level in several areas such as climate change, income inequality
and self-reported measures. Table 1 shows the descriptive statistics of the single
indicators.

Next, we discuss the rationale that justifies the relationship between each sin-
gle indicator and the composite indicator of socio-economic vulnerability (that is,
the polarity). We start with the indicators of fragility and then illustrate why they
might be considered indicators of fragility based on the literature and EU official
documents and reports.

Dropping out of school has negative effects both for individuals and soci-
ety (unemployment, less lifetime earning, more risk of poverty, higher public
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spending for social protection, etc.), hence the reduction of the percentage of peo-
ple who dropped out of primary and secondary studies until a maximum of 10%
is a target set out in the European 2020 Strategy in order to attain social cohe-
sion in the EU (European Commission, 2010). The new ‘social rulebook’ of the
European Pillar of Social Rights (European Commission, 2021c) identifies the
reduction of early school leaving as one of the priorities of the 2021-2027 Cohe-
sion Policy to foster inclusive growth. In the same vein, the prototype dashboard
for social and economic resilience (European Commission, 2020b) considers
early school leavers as a factor of socio-economic vulnerability in the category of
social distress.

Inhaling PM2.5 has negative effects for health, among them respiratory and car-
diovascular morbidity and lung cancer (World Health Organization, 2013). Moreo-
ver, this higher incidence of illnesses also puts greater pressure on public finances
through health programmes and social benefits (sick leave, for example). PM2.5 air
pollution is considered an indicator of vulnerability in the prototype dashboards for
the geopolitical, green and digital dimensions of resilience because it constitutes an
environmental threat (European Commission, 2020b).

Overall, older people who have left the labour market have lower average incomes
and are more exposed to poverty than the rest of population (Marical et al., 2008;
Peichl et al., 2012). Due to the uncertainty caused by the pandemic, even lower birth
rates are expected in the EU and greater population ageing. Because people older
than 65 constitute a healthcare burden and are at greater risk of poverty, they are
considered a factor of vulnerability in the prototype dashboard for social and eco-
nomic resilience (European Commission, 2020b). The European Pillar of Social
Rights Action Plan also considers that special attention needs to be devoted to older
people to promote health and care and ensure they live in dignity (European Com-
mission, 2021c¢).

Higher levels of unemployment offset economic development processes since
these are linked with lower standards of living and social problems (for example,
robberies, crimes, etc.), so that unemployment reduces life satisfaction of the wider
population (Chadi, 2014; Helliwell & Huang, 2014). In addition, during the COVID-
19 pandemic, people not working for involuntary reasons were at greater risk of
suffering mental disorders (Yao & Wu, 2021) and more likely to self-report more
physical and mental health problems (Ikeda et al., 2021). It is also convenient to
include women’s unemployment and youth unemployment because in the EU27 they
reached values above men’s unemployment in 2019 (6.9%, 15.3% and 6.3% respec-
tively, Eurostat information), and because they add specific aspects of fragility to the
regions. Female unemployment is one of the social conditions most strongly corre-
lated with income inequality (Kollmeyer, 2013; Sanchez & Pérez-Corral, 2018) and
is an explanatory factor for the higher incidence of risk of poverty in older women
than in older men (Dessimirova & Bustamante, 2019). For its part, youth unemploy-
ment contributes to deteriorating their resilience, optimism, autonomy and overall
life satisfaction (Merino et al., 2019). Unemployment rate is considered an indica-
tor of economic vulnerability in the prototype dashboard for social and economic
resilience (European Commission, 2020b). The European Pillar of Social Rights
Plan distinguishes unemployment rates by groups of people and indicates, among its
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objectives, the reduction of the gap in male and female employment rates (European
Commission, 2021c). It also defends that special efforts need to be devoted to young
people who are more vulnerable to labour market fluctuations.

Migrants are likely to be one of the most vulnerable population groups, whether
displacement is due to economic reasons or forced by violence. Migration has nega-
tive effects on quality of life because people’s family and social ties break down
and they are more exposed to poverty (Sanchez Mdjica, 2013). Within the context
of the COVID-19, migrant workers in the EU are very vulnerable because they are
more likely to be in temporary employment, earn lower wages and have jobs that
are less amenable to teleworking (Fasani & Mazza 2020). In the same vein, the
European Pillar of Social Rights Action Plan states that the 2021-2027 Cohesion
Policy should pay special attention to migrants since they are more vulnerable to
fluctuations in the labour market (European Commission, 2021¢). Additionally, as
we indicated in a previous section, for the first time, migration will receive 3% of
the Structural Funds in the 2021-2027 Cohesion Policy (European Court of Audi-
tors, 2019). Under this approach, positive migration ratios are considered a factor
of socio-economic fragility and a greater pressure on public finances, and in those
regions where the migration ratio is negative its values have been replaced by zero.

A prevalence of assaults and criminal activities creates unstable environments
and deters investment in productive activities, is negatively related to quality of life
and slows down sustainable urban development (Chica-Olmo et al., 2020). As a con-
sequence of COVID-19 economic hardships have worsened, so this situation may
also lead to higher exposure to organised crime and a rise in corruption (European
Commission, 2020b, pp. 10-11). Crime and assault rates are a factor of fragility that
increase socio-economic vulnerability directly in the cities or towns where they are
registered.

We now examine why the rest of the indicators are considered indicators of resil-
ience. Gramillano et al. (2018) analysed the indicators most frequently used by the
Directorate-General for Regional and Urban Policy of the EU to assess the effec-
tiveness in achieving the innovation and digitalization priorities of the previous
EU Cohesion Policy period (2014-2020). They concluded that private investment
in research and innovation, as well as enterprises receiving support from research
institutions, can measure the networking activity and be proxies for potential tech-
nological transfer and knowledge exchange. As widely used indicators of innovation,
the authors highlight the number of enterprises that introduce new services, prod-
ucts or processes. The five indicators of innovation and digitisation of our system
are considered as proxies of a region’s intellectual assets in the Regional Innova-
tion Scoreboard for 2021 developed by the European Commission to assess innova-
tion performance, namely the relative strengths and weaknesses of European regions
(European Commission, 2021b). The idea is that innovation and a highly educated
and well-trained workforce are critical to the development of a competitive, smart
and knowledge economy. Education and innovation capacity, including product cre-
ativity and design — as a link between innovation and the market — are key factors in
determining the recovery of regions before a shock (economic crises, for example).
In this vein, the European 2020 Strategy set targets for Members States in terms of
R&D investment (3% of GDP) and tertiary educational attainment (minimum 40%
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of the population aged 30-34) (European Commission, 2010). Expenditure on R&D,
both private and public, is considered an indicator of economic growth and inno-
vation that fosters socio-economic resilience in the prototype dashboard for social
and economic resilience (European Commission, 2020b). Likewise, registered com-
munity designs per billion GDP is one of the outcome indicators of goal 1 of the
2021-2027 Cohesion Policy (European Commission, 2018).

The use of the Internet is an increasingly crucial factor for competitiveness and
economic security, as it determines the capacity of territories to compete in and ben-
efit from the knowledge-based economy. Studies with a territorial approach have
shown that the availability of high-speed networks is a key determinant of quality
of life because it facilitates economic, educational and social connections (Sanchez
et al., 2018). On the contrary, the lack of Internet could represent a digital divide
that increases levels of economic and social inequality. The COVID-19 crisis under-
scored the importance of households having internet access. During the lockdown,
people relied more on online communication via the Internet for attending schools,
buying daily necessities and working from home (Shek, 2021). Thus, the prototype
dashboards for the geopolitical, green and digital dimensions include digital skills,
teleworking capacity and e-health among the capacity indicators of digital resilience
(European Commission, 2020b). Additionally, the percentage of individuals who
use the Internet for interactions with public authorities or the e-Administration is
considered an indicator of digital capacity that fosters regional resilience in the pro-
totype dashboards for these same dimensions (European Commission, 2020b).

Per capita GDP is the main indicator considered by the European Commission
(2018) for the allocation of the Structural Funds because it is the most neutral meas-
ure and reliable indicator and reflects the needs and disparities of the regions and
Member States (European Court of Auditors, 2019). Under the scope of resilience,
the ability to save is key for helping families and companies cope with adverse sit-
uations (Alessi et al., 2020; Benczur et al., 2020; European Commission, 2020b;
Le Blanc, 2020). Taking into account the negative social and economic effects of
income inequality (for a review, see Sinchez & Pérez-Corral, 2018; Sanchez &
Ruiz-Martos, 2018), we consider the regional indicator proposed by Sen (1976), that
is, GDP adjusted by the Gini index of each country (the Gini for NUTS-2 is not
available).

Variables for the Multilevel Modelling

The explanatory variables of the multilevel models come from level 1 or region and
level 2 or country. More specifically, we consider monetary poverty at regional level,
and government expenditure in education and political stability at country level (see
Appendix Table 7). According to the conceptual framework of this study, the choice
of these three variables has been guided by the assumption that socio-economic vul-
nerability can be induced and/or explained by the sensitivity or fragility to harm and
adaptive capacity or resilience. Several works have studied resilience and the impact
of COVID-19 in the EU and conclude that one of the main ways to deal with a shock
such as falling income is to use one’s own savings (Alessi et al., 2020; Giovannini
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Table 2 Descriptive statistics Mean SD Min Max CV Sample size
of socio-economic vulnerability

mde)f (SEVI) and_VarlableS of SEVI 125 023 066 1.74 1843 233 NUTS-2
multilevel modelling EU27,

2018 Poverty 16.44 583 4.10 41.40 3544 233 NUTS-2

Education 4.84 0.96 3.00 6.80 19.94 27 Member States
Stability 0.69 036 0.06 1.37 51.32 27 Member States

et al., 2020; Le Blanc, 2020; Manca et al., 2017). That is, family savings can act
as financial buffers for households in the wake of the COVID-19 crisis. In addi-
tion, these works highlight that being at the bottom of the income distribution and/
or living in a poor neighbourhood increases the chances of not knowing how to cope
with a situation of distress. In this vein, the percentage of people in a region with an
income below 60% of the region’s median income (variable Poverty in our models)
could be a proxy for the degree to which a region would be adversely affected by the
pressure of the pandemic, as well as the capacity to deal with the shock.

The two country-level variables we have chosen (Education and Stability) aim
to account for the role of the public sector in regional vulnerability (SEVI). The
literature referred to in the previous section highlights the importance of human and
social capital as drivers of resilient behaviour and an adaptive capacity to deal with
shocks. Thus, government expenditure in education as a merit good that fosters citi-
zen participation (more democratic societies), equal opportunities and lower income
inequality (Sanchez & Pérez-Corral, 2018) could favour a society’s adaptation
capacity, as well as promote the opportunity to bounce forward. Lastly, in situations
of market economy stress, political stability and good governance ensuring compli-
ance with contracts are essential to guarantee the functioning of the markets (Chang,
2011). Likewise, in a crisis context such as the COVID-19 pandemic, people can be
more resilient when they trust in the institutions and live in a society that provides a
safe and prosperous environment (Bittmann, 2021; Giovannini et al., 2020). Table 2
shows the descriptive statistics of the variables.

Empirical Strategy
Building the SEVI

The choice of mathematical method for aggregating the single indicators into a com-
posite indicator will depend on the kind of measurement model that best fits the
phenomenon being analysed (Maggino, 2017). The conceptual framework to analyse
the socio-economic vulnerability of EU regions, provided in a previous section, led
us to develop our model under the scope of a formative model. In formative meas-
urement models, causality flows from the single indicators to the latent variable,
since single indicators are viewed as causes of the latent variable (see Diamanto-
poulos et al., 2008; Jiménez-Fernandez & Ruiz-Martos, 2020). For instance, in our
case, the socio-economic vulnerability index (SEVI) of a region includes indicators
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of innovation, education, unemployment, pollution, etc. Any change in one or more
of these components (even if the other factors do not change) is likely to cause a
change in a region’s SEVI score (the latent construct). However, if a region’s SEVI
decreases, it would not necessarily be accompanied by an improvement in all of the
components (single indicators).

Keeping this in mind, we applied an iterative distance methodology based on the
Distance P2 introduced by Pena Trapero (1977) and applied in several works (see
Cuenca-Garcia et al., 2019; Sanchez et al., 2018; Sanchez & Ruiz-Martos, 2018;
Zarzosa Espina & Somarriba Arechavala, 2013). We use the metric structure in the
R™ vector space, where m is the number of single indicators. This allows us to obtain
a composite indicator that measures distances to perform benchmarking between the
units studied in order to develop the socio-economic vulnerability indicator (SEVI)
of the 233 European regions or NUTS-2.

In our case, the composite indicator represents a weighted Euclidean metric that
is defined as follows (see Jiménez-Fernandez et al., 2022):

) 1/2
w;) (1)

SEVI = () ’xij — X,
j=1

where m is the number of single indicators, X;j is the value of the j-th indicator in the
i-th region, x,; is the j-th value in the reference vector X. = (X«;, X«p,...,Xx,) and w; is
the weight of the j-th single indicator.

Given that the single indicators often have different measurement units, the single
indicators {x,,...,x;} have been normalised using Min—-Max normalisation in order to
make them comparable.

Our method considers in its calculation formula the distance between each indi-
vidual indicator and the most desirable situation taken from the reference vector.
The reference vector (X.) is like a hypothetical region that, in the set of all EU
regions, registers the best values of all single indicators. Thus, we take into account
the complete empirical distribution in the 233 EU regions. More specifically, for sin-
gle indicators with positive polarity, we select the minimum value of the indicator in
the entire sample. For instance, early leavers is a single indicator with positive polar-
ity: the higher the early leavers rate is in a region, the greater the region’s vulnerabil-
ity. The hypothetical best region (the least vulnerable) will register the lowest rate
of early leavers, that is, the minimum value of all the regions. For single indicators
with negative polarity, the reference value is the maximum value of the sample. For
example, for R&D investment, the higher the value is in a region, the less vulnerable
it is. In this case, the hypothetic best region or the least vulnerable will register the
maximum value in R&D investment. Proceeding in this way, the SEVI composite
indicator will take higher values, the greater the distance it is with respect to the
most desirable values of the individual indicators. That is, the greater the SEVI, the
more vulnerable or the worse the performance of a region in the different indicators
studied. Consequently, we can quantify and compare all the regions under analysis.

The weights of the single indicators (w;) are computed using unsupervised
machine learning algorithms. More specifically, we use multivariate adaptative
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regression splines (MARS) to identify the best functional relationships between
the composite indicator and the set of single indicators. In this way, w,denotes the
importance of each indicator according to its contribution to the SEVI and avoids
potential multicollinearity issues. For a more detailed approach to this methodology
and its mathematical properties, see Jiménez-Fernandez et al. (2022).

The Impacts of Shocks on Socio-Economic Vulnerability of EU regions

The second aim of this paper is to check whether country characteristics inter-
act with regions’ characteristics to alter patterns of socio-economic vulnera-
bility. In other words, we consider the possibility that two regions randomly
selected from the same country will register a more similar level of socio-eco-
nomic vulnerability than two regions randomly selected from different coun-
tries. This would mean that we assume no independence among regions belong-
ing to the same country. To test this hypothesis, multilevel models should be
used. In a classical one-level model it is assumed that the observations are
independent, and the error is treated as noise, so the estimate should minimise
the error. However, when the data is nested, the correlation between observa-
tions within a group could be different from the correlation between groups,
resulting in two types of errors. An advantage of multilevel models is that they
analyse what part of the random error is due to the effect of level 2 (coun-
try) and what part is due to level 1 (regions) (see Goldstein, 2011; Snijders &
Bosker, 2012). That is, multilevel modelling allows us to determine what part
of the variability in the regions’ socio-economic vulnerability can be explained
by country characteristics.

Likewise, multilevel modelling distinguishes between the fixed or deterministic
part of the model and the random or stochastic part, thus enabling a two-directional
analysis. Firstly, by estimating the signs and values of the model parameters (fixed
part of the model), we can study how changes at the regional (level 1) and country
level (level 2) influence SEVI, as well as identify the regional and country-level char-
acteristics associated with resilient behaviour. Secondly, the random part of the mod-
els could inform us on how a shock, such as COVID-19, would impact on regional
vulnerability (third objective of this paper). In turn, in the random part of the model,
we can analyse the possible idiosyncratic and covariate shocks caused by COVID-
19. That is to say, we can identify what proportion of the variability in vulnerability
(SEVI) not explained by the model (stochastic or random effects) is attributable to
regional-level characteristics (idiosyncratic effects) or to the interaction between the
country characteristics and the regional characteristics (covariate effects).

Next, we present two different specifications to estimate multilevel models which
will allow us to check the aims or hypotheses 2 and 3 of this study.

Specification 1: Multilevel Random Intercept Model

We consider a two-level structure where regions i (level 1) are nested or hierar-
chised into countries j (level 2). The random intercept model accounts for country

@ Springer



European Union Cohesion Policy: Socio-Economic Vulnerability...

differences in SEVI. In this specification, the intercept varies randomly between the
countries, but the slope is the same for all of them. Let SEVI; be the value of the
socio-economic vulnerability index in region i and country j, where i € {1,..., 233}
and j € {1,...,27}. For each observation located in the j-country, the model can be
written as follows:

SEVI; = B;Bx;; + ¢y 2)

where ﬂojz ﬂouj, X;i € X, being X a nxm-dimensions matrix of observed explanatory
variables both at regional and country level, and f, its associated parameters. For
country j, the intercept is Sy, which may be smaller or larger than the intercept of
population f3,. The country random effects are denoted by u; and the regional residu-
als (with nxm dimensions) are denoted by e;. The residuals u; are assumed to have a
normal distribution of zero mean and varianceai. In order to identify the fixed and

random parts of the model, Eq. (2) can be written as:
SEVIU = ﬁ() + leij + uj + eij (3)

In this equation, the fixed part of the model shows the relationship between the
mean of SEVI and the explanatory variables (5,+ f3;x; with parameters S, f3;), and
tf;e razmdom part captures the residuals from different levels (u;+¢; with variances
c-,07%).

! F(;llowing this specification, we estimated the null model (without explanatory
variables) and Model 1, which includes the variables Poverty, Education and Stabil-
ity. The null model allows us to check if the structure of socio-economic vulnerabil-
ity in the EU regions is nested, that is, whether there is an interaction between the
regional-level and country-level variables (objective 2). If a nested structure is con-
firmed, multilevel modelling would be a suitable approach because one-level model-
ling could lead to incorrect conclusions (see Goldstein, 2011; Snijders & Bosker,
2012).

Specification 2: Random Slope Model for Poverty Variable

Specification 2 is an extension of the random intercept model which also considers
that the slope for the variable Poverty varies randomly among the different coun-
tries. Let SEVI;; be the variable that indicates the value of the socio-economic vul-
nerability index in region i of country j, where i € {1,..., 233} and j € {1,...,27}.
For each observation located in j-country, the model can be written as follows:

where fy;=p,+uy and f;;=p;+u;; x; € X, being X a nxm-dimensions matrix of
observed explanatory variables at both regional and country levels, and $3, its associ-
ated parameters. The variable Poverty is denoted by p. The average regression for
Poverty has slope f3;and the slope for each country is f3;;. The random errors u,; and
u;; are assumed to have a normal distribution of zero mean and variance 0'50 and 0'51,
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respectively. Model 2 is estimated following this specification. Developing Eq. 4, we
can identify the fixed and random parts of the model:

SEVI;; = By + Pypjj + Boxj + Ugj + pyuy; + ¢ Q)

In this Eq. (5), the fixed part of the model shows the relationship between the
mean of SEVI and the explanatory variables (§,+ f;p;+ f>x; with parameters f, f;,
), and the random part captures the residuals from different levels (uy;+cu;;+e;
with the parameters 6>, 62|, 02; where piz; is the interaction between the country
and Poverty).

Following this specifications, we estimate Model 2, where all the explanatory

variables are included (Poverty, Education and Stability).
Idiosyncratic Effects and Covariate Effects

Changes in socio-economic vulnerability caused by a shock such as COVID-19
can be introduced and analysed throughout the random or stochastic part of the
multilevel models (see, for instance, Halkos et al., 2020). In turn, within the
random part, we can distinguish what proportion of the variability in vulner-
ability (SEVI) not explained by the model is attributable to regional-level (idi-
osyncratic effects) or country-level effects and the interrelation between coun-
try and regional levels (covariate effects). In this vein, the interclass correlation
(ICC) informs what part of the random effects would be explained by covariate
effects. That is, the ICC informs us how changes in the environment or covari-
ates of the regions could affect their socio-economic vulnerability.
In specification 1 with random intercept, the ICC can be calculated as follows:

ICC %0

62 + o2 ©
u0 e
where aez is the residual variance and 050 the variance between groups (countries).

In specification 2 with random slope, the variance between groups depends on
the value of the variable Poverty (p) in each region; hence the ICC takes different
values in each region. This information is interesting since it allows us to obtain
a map of EU regions that shows the intensity of the effects of COVID-19 on their
socio-economic vulnerability. The formula for calculating the ICC can be expressed
as follows:

1cc, = Var(uoj + pijulj)

@)
Var(uOj + pijulj) +02

where pju,; is the interaction between country j and the variable Poverty (p) at
regional level, and where

Var(uDj + pijulj) = Var(uoj) + pﬁVar(ulj) + 2pijCov(u0j,u1j) =62, +p;o;

ij ul + zpijcuol,ulj,

®)
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Results
The Socio-Economic Vulnerability of EU regions

Focusing on the descriptive statistics for the 16 indicators of socio-economic vul-
nerability we have analysed (Table 1), the values of Pearson’s coefficient of varia-
tion indicate that the largest territorial differences arose in the objective of foster-
ing an innovative and smart economic transformation (especially in the indicators
registered community designs, R&D business and R&D state), as well as in social
rights (especially in migrant and female unemployment). The last column of Table 1
shows the regions that rank highest in each single indicator, namely our reference
vector to build the SEVI. In other words, from a socio-economic viewpoint, the best
theoretical region in the EU (the least fragile and most resilient) should register the
values of the last column. The further a region is from this hypothetical region, the
greater its socio-economic vulnerability and therefore the greater the value of its
SEVI. Overall, we observe that two regions of eastern European countries (Croatia
and Poland) register the best positions in the three indicators of human capital (early
leavers, tertiary education and human resources in technology). Four regions of Ger-
many invest the most in innovation (business R&D and state R&D) and have the
lowest unemployment rates for both women and youth.

The average value of the SEVI is 1.25. Hovedstaden in Denmark is the least
socio-economically vulnerable region in the EU27 as it has the lowest SEVI
(0.66), while Dytiki Makedonia in Greece is the most vulnerable (maximum
SEVI value=1.74) (Table 2). From a statistical viewpoint, SEVI is a variable
that follows a normal distribution (Shapiro—Francia test, z=1.552, p=0.06027,
N=233; see Appendix Fig. 6). Figure 3 shows the weights assigned to each
indicator; specifically, the proportion in which each indicator contributed to the
metric and therefore to the SEVI. Resilience indicators, especially innovation
and digitisation (goal 1 of the EU 2021-2027 Cohesion Policy), have the high-
est weights. Among the fragility indicators of the regions, youth unemployment,
early leavers, senior people and PM2.5 register the largest weights.

Following the European Commission’s proposal (2018) for the distribution of
the Structural Funds, that is, taking as a reference the GDP per capita (average
2016-2017) and the population (average 2016-2018), the 233 NUTS-2 could be
grouped into three blocks: 47% of the population of the EU27 would reside in
regions where the GDP per capita is above the GDP per capita for the whole of
the EU27, 25% of the population in regions with a GDP per capita between 75
and 100% of the EU27, and the remaining 28% of the population in regions where
GDP per capita is less than 75% of the EU27. In order to analyse the implications
for the 2021-2027 Cohesion Policy while maintaining the same budgetary effort,
we take these population percentages as a reference to divide the EU regions into
three groups according to the SEVI. Figure 4 displays the results of the SEVI
grouped into the three types of regions analysed.

The regions that are in the most disadvantaged situation to face the challenges
of the 2021-2027 Cohesion Policy, namely group 3 which represents 27.25% of
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Fig. 3 Weights of the single indicators of SEVI

the EU27 population are: all regions of Greece and Croatia; all regions of Roma-
nia, Bulgaria and Slovakia except the regions where their respective capitals
are located; all regions of Hungary and Portugal except two; more than half of
the territory of Spain and Poland; and the regions located in southern Italy. In
contrast, the regions in the best position or group 1, which represent 46.35% of
the EU27 population, are: Estonia and Malta; all regions of Denmark, Finland,
Ireland, the Netherlands and Sweden; and all regions of Austria, Belgium and
Germany except one. The rest of the regions (group 2) represent 26.40% of the
EU27 population and are located mainly in France, northern Italy and the Czech
Republic.

At a first glance, it might seem that the European Commission criterion for allo-
cating the Structural Funds and our multidimensional proposal (SEVI) lead to simi-
lar results since the pairwise correlation between the GDP per capita and the SEVI
for the whole set of 233 NUTS-2 is quite high (r=-0.77, p<0.001). However, if
we distinguish among the three groups of regions, the results are somewhat differ-
ent. As Table 3 indicates, there is no correlation in the regions of group 2 between
our proposal of socio-economic vulnerability and the one-dimensional criterion of
the European Commission. Likewise, the correlation is low in group 3. Focusing on
groups 2 and 3, we can identify which regions would be harmed in terms of the allo-
cation of Structural Funds if the traditional criterion were applied. To do so, a single
indicator can be taken as a reference of economic activity (GDP pc) instead of a set
of indicators that complement the GDP and accurately reflect the socio-economic
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Fig. 4 Classification of EU regions according GDP per capita and socio-economic vulnerability. Note.
According GDP per capita: group 1 (47% of population residing in regions with GDP per capita above
the GDP per capita of the whole of EU), group 2 (25% of population residing in regions with GDP per
capita between 75 and 100% of the UE27), group 3 (28% of population residing in regions with GDP per
capita below the 75% of the UE27). According the SEVI, regions are classified into three groups from
less to higher socio-economic vulnerability with the next percentages of population: group 1 (46.35%),
group 2 (26.40%) and group 3 (27.25%)

Table 3 Correlation between per

Gi 1 Gi 2 Gi 3
capita GDP and SEVI by groups rowp roup roup

of EU regions Correlation coefficient ()~ -0.6015 -0.1158 -0.3637
p-value <.001 0.4280 0.0016
N 111 49 73
% population 46.35 26.40 27.25

fragility and capabilities of the EU regions in order to face the challenges of the
Cohesion Policy.

The most remarkable outcome in groups 2 and 3 is that 12 out of 21 Italian
regions, 11 out of 17 Spanish regions, two regions in Portugal, Corse in France,
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Table 4 Multilevel modelling of the effects of regional and country characteristics on socio-economic
vulnerability in the EU regions, 2017 (N =233; Neountries =27)

regions

Null model Model 1 Model 2
Fixed effects (p-value)
Poverty (region level) 0.014 (<.001) 0.014 (<.001)
Education (country level) -0.081 (0.002) -0.075 (0.004)
Stability (country level) 1.232 (<.001) -0.235 (0.001) -0.255 (<.001)
Intercept 1.543 (<.001) 1.531 (<.001)
Random effects
Variance intercept (6‘210) 0.03655 0.01337 0.00233
Variance poverty (62)) — - 0.00002
Covariance (uoj, u; j) — — 0.00021
95% conf. interval covariance — — (0.00004-0.00038)
Variance residual (62) 0.01576 0.01032 0.01008
Intraclass correlation (ICC) 0.70 0.56 0.31-0.84(a)
Model fit
-2Log Lik -234.79 -346.91 -349.14
LR test, X? (p-value) 209.98 (<.001) 157.09 (<.001) 159.31 (<.001)
R’m (fixed) - 54.32% 69.71%
R’ (fixed & random) — 80.01% 75.45%

(a) In the estimation with random intercept and random slope (Model 2), the variance (uy, u;) takes dif-
ferent scores for each value of the explanatory variable whose slope is considered to be random; thus the
ICC yields different scores for each region

Attiki in Greece and Bucuresti-Ilfov in Romania would be negatively affected fol-
lowing the European Commission criterion. In other words, despite the fact that
these regions surpass the thresholds of per capita GDP, according to our multidi-
mensional criterion, they are more vulnerable and less resilient and should there-
fore attract more financial attention under the EU Cohesion Policy for the period
2021-2027. On the other hand, 12 regions located in Member States of the previous
eastern Europe turn out to be less vulnerable from a socio-economic standpoint than
their relatively low position in per capita GDP reflects.

Multilevel Analysis: Socio-Economic Vulnerability and COVID-19

The results of the null model, the random intercept model (Model 1) and the random
slope model (Model 2) are shown in Table 4. The results of the null model indi-
cate differences in the socio-economic vulnerability of the regions across countries
because the likelihood ratio (LR) test (X*(1)=209.98, p<0.001), which contrasts
the multilevel model against the one-level OLS model, is significant. In fact, the
value of the intraclass correlation (ICC=0.70) might be interpreted as meaning that
70% of the variability in socio-economic vulnerability is attributable to differences
across countries. Thus, the estimation of multilevel models that take into account
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Fig.5 Covariate effects of COVID-19 on socio-economic vulnerability of EU regions. Note. ICC is
intra-class correlation. Q1 (30.5%, 53.4%), Q2 (53.5%, 58.4%), Q3 (58.5%,61%), Q4 (61.1%,84.3%)

the ‘country’ effect and the interaction between regional and country variables is
justified.

Models 2 and 3 incorporate the three explanatory variables Poverty, Education
and Stability. Several goodness measures of the model are reported at the bottom
of Table 4. In the framework of multilevel models, the marginal R-squared (R’m)
represents the variance explained by fixed factors of the model and the conditional
R-squared (R%c) represents the variance explained by fixed and random factors (see
Nakagawa & Schielzeth, 2013). The difference between the corresponding R’ and
R’m values reflects the amount of variability in the random effects. Both models 1
and 2 present high R?, the indicator -2 log likelihood decreases from model 1 to 2
and the result of the likelihood ratio (LR) test shows that Model 2 is an improvement
over Model 1.

In both models (1 and 2), all the variables are statistically significant, and the
signs of their estimated parameters are consistent with the literature. Namely,
increases in regional monetary poverty would be associated with a rise in the socio-
economic vulnerability of the regions, whereas increases in government expendi-
tures in education and an improvement in self-reported political stability would lead
to a reduction in vulnerability or foster the capacity for resilience. In addition, the
results of Model 2, which analyses the relationship between vulnerability and mon-
etary poverty for each country, indicate that increases in monetary poverty lead to
greater socio-economic vulnerability in regions with a higher level of vulnerability
(the covariance is positive and statistically significant).

Focusing on the random or stochastic part of Model 2 and applying formulas (7) and
(8), we calculated the ICC for each region. ICC provides the proportion of vulnerability
variability not explained by the model that is attributable to changes in the environment
or covariates of the regions, such as changes caused by the COVID-19 pandemic that
could interact with each country’s characteristics and with each region’s poverty level.
The ICC varies from 30.5% in Bucuresti-Ilfov (Romania) to 84.3% in Campania (Italy).
Figure 5 illustrates the different degrees of exposure to the effects of COVID-19 on
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regional vulnerability, depending on the level of poverty. The ICC results are grouped into
quartiles according to the number of regions. The regions in which socio-economic vul-
nerability would be most exposed to the effects of COVID-19 (fourth quartile, between
61.1% and 84.3%) would be all of Portugal, Greece, Croatia, Estonia, Latvia, and Lithu-
ania; a large portion of the territory of Spain, Romania and Bulgaria; southern Italy and
the eastern regions of Poland. It is worth noting that much of the territory of Sweden
and Finland and a region of Ireland that occupied a better position in the SEVI would be
among the regions most exposed to the covariate effects. On the other hand, most of the
regions of Denmark, Slovakia, the Czech Republic, the Netherlands, Hungary, northern
Italy, southern Finland and one of the three regions of Ireland register values in the first
quartile (between 30.5% and 53.4%).

Conclusions and Discussion

The EU Cohesion Policy for the period 2021-2027 focuses on five goals for the
EU to become smarter, greener, more connected, more social and closer to citizens.
However, a macroeconomic index (per capita GD) is proposed as the predominant
criterion for classifying the regions and allocating the Structural Funds. We hypoth-
esise that it is possible to consider new complementary criteria that better reflect
citizens’ quality of life. This approach is especially important because the COVID-
19 has exposed the vulnerabilities within the EU in all the domains: jobs, education,
economy, welfare systems and social life (European Commission, 2021c). On this
basis, we have built a composite socio-economic vulnerability index (SEVI) for each
of the 233 NUTS-2 of the EU in 2017 that synthesises the information on fragility
and resilience factors in order to achieve the objectives of the 2021-2027 Cohesion
Policy. The idea is that the higher the value of SEVI, the greater the difficulty in
achieving these objectives compared to the rest of the regions.

By implementing the SEVI as an allocation mechanism of the Structural Funds rather
than GDP per capita as proposed by the EU, and with an equivalent budgetary effort in
terms of the benefited population, we obtain remarkable differences. Our main findings
are that a large number of regions in Italy and Spain and some in Portugal, France and
Greece which exceed the limit in terms of GDP should be in the group of the most ben-
efited regions according to their socio-economic vulnerability. On the contrary, regions
in Member States of the previous eastern Europe, which are historically characterised by
low levels of GDP, reach relative positions of less socio-economic vulnerability in our
multidimensional approach. These differences in the maps of priority regions could be
a source of debate surrounding the introduction of new game rules for the EU Cohesion
Policy, especially in the current context of economic and social changes where public pol-
icies should prioritise improving citizens’ quality of life.

In a second stage, we study the effects of COVID-19 on regional vulnerability since
it is foreseeable that the pandemic will trigger inequalities and increase poverty levels
(Fetting, 2020; Giovannini et al., 2020; Shek, 2021; United Nations, 2020a, b). The ques-
tion is whether all regions will be equally exposed to COVID-19 in terms of their socio-
economic vulnerability. To answer this question, we analyse both the idiosyncratic and
covariate shocks that COVID-19 might represent by estimating multilevel models. Our
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findings indicate that increases in government expenditures in education and improving
political stability would reduce the regional vulnerability or foster the capacity for resil-
ience. On the other hand, increases in regional monetary poverty would be associated
with increased vulnerability, causing bigger growth in the regions with a higher level
of vulnerability. Even though regions with a larger SEVI would be the most exposed to
the effects of COVID-19, it is remarkable that much of the territory of Sweden and Fin-
land and the region of Ireland that ranked highest in the SEVI would be among the most
exposed to the covariate effects. These results might have public policy implications; for
example, to inform on how to distribute the European COVID-19 Recovery Funds.

The multidimensional character of our proposal, the study of regions’ factors of
vulnerability, fragility and resilience, fits into the mainstream view of economists
and policymakers who argue that associating the notion of economic and social pro-
gress to a one-dimensional variable of economic activity, such as GDP or income,
is debatable (Fetting, 2020; O’Donnell et al., 2014; Sanchez et al., 2018; Sanchez
& Ruiz-Martos, 2018; Stiglitz et al., 2018). Our proposal is also in line with two
plans or strategies that the European Commission has recently approved to continue
advancing in the double green and digital transition and to recover from the COVID-
19 crisis: the European Pillar of Social Rights Action Plan (European Commission,
2021c) and the 2020 Strategic Foresight Report (European Commission, 2020b).
The objective of both plans is to promote resilience through the EU institutions so
that Europe will recover faster and emerge stronger from the COVID-19 crisis and
future crises. A key aspect is that the priorities identified in both plans must be taken
into account in all EU policymaking, including the 2021-2027 Cohesion Policy.

In this paper, we have argued that, in terms of Cohesion Policy, there is still room
to go ‘beyond GDP’ and consider, in financial terms, the vulnerability and resilience
factors that determine people’s well-being. The two previous initiatives or strate-
gies lead us to be hopeful and to think that the EU will continue to advance on the
‘beyond GDP’ path by strengthening the principles of a social market economy.
Likewise, the type of exercise carried out in the second stage of this paper can be
useful to stimulate discussions regarding the guidelines on how to increase the resil-
ience and reduce the fragility of the regions in order to cope with unforeseen shocks.

Lastly, we would like to point out that our approach to study socio-economic vulner-
ability differs from most of the studies carried out in this field in the following regards.
Firstly, a large number of studies focus on defining vulnerability as the likelihood that, at
a given time in the future, an individual will have a level of welfare (income, consump-
tion, poverty, etc.) below some threshold established in a ‘normative’ way. In contrast,
under our methodological approach, the choice of normative or arbitrary thresholds is not
required, thus overcoming one of the main criticisms of methods involving the elaboration
of composite indicators and vulnerability analysis (see, for instance, Dutta et al., 2011;
Gallardo, 2018; Najera & Gordon, 2019; Povel, 2015). Secondly, we do not study risk
by estimating the probability of occurrence of future events (for instance via probit/logit
models) because our dependent variable in the multilevel models (SEVI) is expressed in a
metric. Therefore, to express it as a categorical variable, it would be necessary to collapse
the values into two categories, which means that a ‘normative’ threshold would have to
be set to establish the limit of the two values, as well as assuming an unnecessary loss of
information.
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Table 6 Selection of single indicators to build the socio-economic vulnerability index of European

regions

Fragility indicators

Early leavers

PM2.5

Senior people

Male unemployment

Female unemployment

Youth unemployment

Migrant

Assault & crime

Resilience indicators
R&D business

R&D State

Tertiary education

Human resources in technology

Registered community designs
Internet
E-Administration

GDP-Gini

European Union plans, strategies and projects

European 2020 Strategy (European Commission, 2010)

Prototype dashboard for social and economic resilience (European
Commission, 2020b)

The European Pillar of Social Rights Action Plan (European Commis-
sion, 2021c)

Prototype dashboard for the green resilience (European Commission,
2020b)
Regional Innovation Scoreboard 2021 (European Commission, 2021a)

Prototype dashboard for social and economic resilience (European
Commission, 2020b)

The European Pillar of Social Rights Action Plan (European Commis-
sion, 2021¢)

Prototype dashboard for social and economic resilience (European
Commission, 2020b)

The European Pillar of Social Rights Action Plan (European Commis-
sion, 2021c)

Prototype dashboard for social and economic resilience (European
Commission, 2020b)

The European Pillar of Social Rights Action Plan (European Commis-
sion, 2021c)

Prototype dashboard for social and economic resilience (European
Commission, 2020b)

The European Pillar of Social Rights Action Plan (European Commis-
sion, 2021c)

The European Pillar of Social Rights Action Plan (European Commis-
sion, 2021c)

Allocation of Cohesion Policy Funding (European Court of Auditors, 2019)

Prototype dashboard for social and economic resilience (European
Commission, 2020b)

European Union plans, strategies and projects

European 2020 Strategy (European Commission, 2010)

Prototype dashboard for social and economic resilience (European

Commission, 2020b)
Regional Innovation Scoreboard 2021 (European Commission, 2021b)

Prototype dashboard for social and economic resilience (European
Commission, 2020b)

Regional Innovation Scoreboard 2021 (European Commission, 2021b)

European 2020 Strategy (European Commission, 2010)

Regional Innovation Scoreboard 2021 (European Commission, 2021b)

Regional Innovation Scoreboard 2021 (European Commission, 2021b)

Regional Innovation Scoreboard 2021 (European Commission, 2021b)

Cohesion Policy (European Commission, 2018)

Prototype dashboard for the digital resilience (European Commission,
2020b)

Prototype dashboard for the digital resilience (European Commission,
2020b)

Cohesion Policy (European Commission, 2018)
Allocation of Cohesion Policy Funding (European Court of Auditors,
2019)
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Fig. 6 Density function of Kernel density estimate
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