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Abstract

Addressing risks and pandemics at a country level is a complex task that requires transdisci-
plinary approaches. The paper aims to identify groups of the European Union countries
characterized by a similar COVID-19 Resilience Index (CRI). Developed in the paper CRI
index reflects the countries’ COVID-19 risk and their readiness for a crisis situation, includ-
ing a pandemic. Moreover, the study detects the factors that significantly differentiate the
distinguished groups. According to our research, Bulgaria, Hungary, Malta, and Poland
have the lowest COVID-19 Resilience Index score, with Croatia, Greece, Czechia, and Slo-
vakia following close. At the same time, Ireland and Scandinavian countries occupy the top
of the leader board, followed by Luxemburg. The Kruskal-Wallis test results indicate four
COVID-19 risk indicators that significantly differentiate the countries in the first year of the
COVID-19 pandemic. Among the significant factors are not only COVID-19-related factors,
i.e., the changes in residential human mobility, the stringency of anti-COVID-19 policy, but
also strictly environmental factors, namely pollution and material footprint. It indicates that
the most critical global environmental issues might be crucial in the phase of a future pan-
demic. Moreover, we detect eight readiness factors that significantly differentiate the ana-
lysed country groups. Among the significant factors are the economic indicators such as
GDP per capita and labour markets, the governance indicators such as Rule of Law, Access
to Information, Implementation and Adaptability measures, and social indicators such as
Tertiary Attainment and Research, Innovation, and Infrastructure.

Introduction

Corona Virus Disease (COVID-19) went down to history globally as one of the global shocks
that caught the world unaware. The disease had severe ravaging effects globally, cutting across
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all sectors [1]. The impacts and effects of the disease were felt across all divides of economic
development, spurring debate on the level of global preparedness in tackling such threats. This
necessitates concerted efforts where researchers, policymakers, and other stakeholders pool
resources to ensure they establish systems that will withstand such shocks in future (resilient)
systems. However, the level of preparedness and acceptability of such a move has not been
much welcome by different actors as different countries exhibit different levels and have
diverse mechanisms. This necessitates a common ground rule to ensure that no actor setting
up such an initiative feels short-changed. To achieve this, this study delves into in-depth
research to investigate the level of preparedness among the European Union member states by
developing a COVID-19 Resilience Index (CRI). Establishing such a tool is a plausible pathway
toward implementing the Just Transition mechanism, where the Union can develop a diagnos-
tic tool to determine which country requires intervention in what aspect and where other
countries can benchmark from. Despite EUs, level of development as an advanced economy,
COVID-19 exposed significant fault lines and fragilities in current systems forcing us to con-
sider possibilities for post-pandemic development rethinking and transformations [2, 3]. The
impact of the COVID-19 pandemic on the global world economy and global health has been
significant [4]. Globally, governments had to react, revamping their existing systems to stop or
slow down the transmission of the disease [5]. All countries were at risk and needed to prepare
for and respond to the COVID-19 pandemic [6].

Risks associated with pandemics are typically managed through reactive approaches, which
include researching more information about the severity of the pandemic during its existence
and implementing appropriate strategies accordingly. However, efficiency in the process at the
national level would be more effective by devising proactive strategies to minimise the impact
of such pandemics [7]. Contrarily, pandemics are considered very low-probability catastrophic
and irreversible events linked to deep uncertainty about their timing and severity [8]. Addi-
tionally, decision-makers at all tiers of the government have limited options for implementing
proactive measures during the pandemic [9].

Although a high level of research on combating the disease has taken place to establish con-
trol mechanisms, determining the country’s readiness to cope with the pandemic threats is not
easy, and research on it remains scanty. It varies from assessing performance in the reduction
of COVID-19-related mortality, supporting vaccination programs to constrain future pan-
demic threats and supporting the recovery of socio-economic systems [10, 11]. Independent
Panel for Pandemic Preparedness and Response recommends preparing the world for the
future so that the next disease outbreak does not become a pandemic. The main question is
how such resilient systems can be measured and evaluated [12]. Establishing standalone sys-
tems alone is not enough, as development is a relative process. This necessitates the develop-
ment of a common framework that can be applied across all countries and regions or even
cascade downwards to the village level.

We conduct an in-depth study of all the EU countries to evaluate their readiness to handle
risks concerning the pandemic scenario. This is achieved by identifying groups of the Euro-
pean Union countries and grouping them. This is further subjected to classification whereby
MS are grouped based on their preparedness nature characterised by a similar CRI. This is
realised by developing a CRI index reflecting the countries’ COVID-19 risk and their readiness
for a crisis, including a pandemic. Finally, we apply the matrix method to assess the correlation
between risk and readiness to scale countries’ COVID-19 resilience by adopting the methodol-
ogy developed by the University of Notre Dame. However, there is little or no information
about the context. Existing research has overemphasised countries’ readiness for pandemics or
risks related to such crises. Our contribution is that we first use matrix analysis to develop
countries’ COVID-19 resilience index that combines both readiness and risk factors. It allows
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for obtaining more complex and exploitable results. We conduct the study for all the EU coun-
tries. Our study could create a new perspective for discussing similarities and differences in
crisis readiness (at risk) among the EU member countries. We believe that the self-developed
COVID-19 Resilience Index might constitute a valuable tool to assess a country’s risk and
readiness for future crisis situations, including pandemics. The developed CRI is meant to
help the decision-makers either improve the country’s status or tackle their risk by implement-
ing the right policies targeting sustainable development under different circumstances and
crises.

This paper comprises four sections, the next being a literature review of the country’s
COVID-19 risks and readiness factors. Finally, the posterior section sets out there and
describes the material and research methods and strategies used, followed by the empirical
findings and analysis and the conclusions.

Literature review

There are several complex factors that need to be taken into account when assessing and
enhancing a country’s resilience and preparedness to combat a major pandemic threat. We
provide a summary of the literature regarding indicators that can be categorised as risk indica-
tors and measurements of a country’s readiness for a pandemic.

Risk factors

Tackling any risk is a subset of clearly understanding it. A risk can be defined in its simplest
form as the potential losses from a particular hazard to a specified risk element in a given
future period [13]. Risks are further defined and schematised mathematically as the product of
three determinants, i.e., hazard, vulnerability, and exposure [14, 15]. Pandemics fall under nat-
ural disasters, with the COVID-19’s hazard being its potential to occur in the future, while its
exposure is the total population in the given area subjected to its future occurrences [16].
Additionally, their vulnerability is the propensity of exposed elements, i.e., human beings, to
suffer adverse effects when impacted by pandemic events [15].

Hazard indicators. A fundamental variable expressing the COVID-19 hazard is the coun-
try’s relative number of COVID-19 cases. However, applying mathematical models and
reporting the number of COVID-19 cases belongs to the risk factors affecting domestic econo-
mies [17]. Therefore, the greater the number of COVID-19 cases, the higher risk of future
infectious diseases contracting. However, this is linked to population immunity, including
herd immunity, i.e., retaining the surviving specimens and not introducing new ones from a
different herd [18]. The World Health Organisation (WHO) and the global scientific commu-
nity apply the herd or population immunity concept to the human population, including the
number of vaccinated individuals next to those who have survived the disease [19]. The con-
cept of population immunity shifts to the discussion on the required threshold of the vacci-
nated population required to achieve population (herd) immunity [19-21].

Herd immunity is achieved by protecting people from the virus, not by exposing them to it
[6]. In Layman language can be translated that, besides factors such as COVID-19 new cases/
deaths or degree of vaccination, the changes in human mobility might constitute an important
variable that expresses the COVID-19 hazard. Sigler et al. claim that human mobility should
be considered the key indicator of the spread of the pandemic [22]. Human mobility’s impact
on the COVID-19 spread has been analysed by many researchers, including [23-26].

Vulnerability indicators. Vulnerability factors refer to the propensity of people to suffer
adverse effects when impacted by the COVID-19 pandemic, including population density, diet
habits, urbanisation, environmental issues, and government policy [27].
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As SARS-COV-2 transmits between humans via direct contact [28], the common percep-
tion is that the novel coronavirus spread should positively correlate with population density
[27,29-31]. llardi et al. [32] find that population density positively correlates with COVID-19
morbidity and mortality. In contrast, Carozzi et al. [33] reveal that density affects the timing of
the COVID-19 outbreak in each county, with denser locations more likely to have an early out-
break. However, he does not observe any linkage between population density and COVID-19
cases and COVID-19-related deaths.

Research points to a possible nexus between the urbanisation process and the threat of
disasters [34-36]. Shekhar et al. [37] reveal that the leading urban centres are highly susceptible
to global risks, including infectious diseases. Moreover, many risk drivers are linked to the
urbanisation process, which can increase the total exposure and vulnerability of the nation in
which they are. For example, urban air pollutants might increase COVID-19 case mortality
rates, as indicated by [38]. However, urban residents are more concerned about the COVID-
19 virus than rural residents [39]. Therefore, underreporting COVID-19 cases could lead to a
false sense of security among rural populations. Expected lower case counts in rural areas due
to lower population density are unfortunately associated with greater potential COVID-19 risk
among the older population and limited access to medical care. They cause significant dispari-
ties in COVID-19 mortality [40]. Overall, the literature review implies that urban concentra-
tion increases COVID-19 vulnerability; however, it is not so obvious.

WHO has announced dietary guidelines during the COVID-19 outbreak, highlighting the
importance of balanced nutrition to maintain a robust immune system and prevent or mini-
mise chronic diseases and infections [41]. However, based on Bousquet et al. [42], the diet rep-
resents only one of the possible causes of the COVID-19 epidemic, and its importance needs
to be better assessed.

Sustainability anxiety is expanding globally [43-45]. Thus, environmental issues are the
critical determinants of a vulnerability to a crisis such as a pandemic. The EEA considers
COVID-19 as a late lesson from an early warning. Environmental degradation increases the
risk of pandemics [46]. COVID-19 emerged and escalated through the complex interplay
between drivers of change, such as ecosystem disturbance, urbanisation, international travel,
and climate change. Earlier studies indicated that environmental factors could also play a role
in the dynamics of COVID-19 transmission [47]. Maheswari et al. reveal that air pollution
enhances susceptibility to COVID-19 disease [48]. Air pollution affects the spread and
increase of COVID morbidity and mortality [49]. Higher air pollution increases COVID-19
mortality [50]. Coccia finds that the health effects of air pollution exposure can extend beyond
cardiopulmonary systems, accelerating the diffusion of future pandemics similar to COVID-
19 [51].

The rapidly increasing numbers of COVID-19 infections and deaths induced national gov-
ernments to implement various restrictions and lockdowns [52, 53]. Extensive empirical
research reveals the significant impact of the stringency of anti-COVID-19 policy on the epi-
demic status [54-57]. McGrail et al. show that implementing social policies reduced the novel
coronavirus spread rate worldwide [58]. The empirical results show that government response
stringency significantly negatively impacts the number of COVID-19 confirmed cases [59].
Jinjarak et al. reveal that more stringent pandemic policies were associated with lower mortal-
ity rates [60]. Hence, we can assume that the stringency of the anti-COVID-19 policy decreases
the vulnerability of the pandemic spread.

Exposure indicators. Exposure factors reflect society’s sensitivity to the more severe
course of COVID-19, i.e., they are related to the age and health of people. According to [61,
62], advanced age and obesity are key factors associated with the increased COVID-19 spread
and overall mortality. Generally, individuals over 65 years are more vulnerable to the COVID-
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19 virus than young people [54]. Rashedi et al. finds that ageing negatively impacts lung func-
tion and delays the activation of the acquired immune system [63]. The virus can become
more reproducible, generating more pro-inflammatory responses and increasing the risk of
death. Pizano-Escalante et al. show that frailty and COVID-19 harmed seniors [64]. Rod et al.
find that diabetes might be the most consistent comorbidity predicting COVID-19 disease
severity [65]. Peric and Stuling indicate that diabetes mellitus predisposes to a severe episode
of COVID-19 and doubles the risk of dying from lung disease and cardiac disease [66]. Most
research studies confirm that diabetes belongs to the COVID-19 risk factors and contributes
to the severity and mortality of patients with this disease [67].

In the paper, apart from COVID-19 risk factors, we also consider factors related to a coun-
try’s readiness for any crisis situation, particularly a pandemic. Well-known readiness factors
are linked to economic, governance, and social policy [68].

Readiness factors

The preparedness and prevention of pandemic events should be integral to the country’s devel-
opment process. The fundamental variable that illustrates the country’s readiness for a crisis is
the country’s economic stance, measured, for example, by GDP per capita or GDP growth
rate. [69, 70], among others, mention GDP per capita as a vital factor in a country’s readiness
for the COVID-19 pandemic. The greater GDP per capita, the higher the likeliness of the
country’s readiness.

Economic indicators. Labour market stance and fiscal situation are other critical eco-
nomic determinants of a country’s readiness for adverse effects of external crisis shocks. Gav-
riluté et al. [71] examine the COVID-19 pandemic’s impact on the labour market. They
discover a direct link between gender (women) and lower employability rates in the EU-28.
These empirical findings offer valuable insights into the relationship between employability
and sustainability. David and Pienknagura [72] found that in countries where informality is
commonplace, where a small share of employment can be achieved remotely, and where gov-
ernment effectiveness is weak, there are smaller declines in cases after lockdown measures are
tightened relative to other countries. It is linked to the fact that, in these countries, mobility
decreases less after containment policies are implemented, thereby facilitating the spread of
the disease. In addition, social workers might contribute to promoting public and community
health during the initial phase of COVID-19 [73]. Afonso and Hauptmeier prove the respon-
siveness of primary balances to the government’s indebtedness [74]. The country’s fiscal situa-
tion, including primary balance and public indebtedness, shapes public spending [75].
However, fiscal rules constrain budget-makers, cutting much of their authority to decide reve-
nue and spending policy [76]. Klose and Tillmann [77] claim that domestic fiscal policy, the
macroprudential policy as well as monetary policy support the countries’ recovery from the
crisis. Moreover, flexible fiscal rules include features to accommodate exogenous shocks, e.g.,
COVID-19 [78, 79]. Hochrainer-Stigler [80] observes an increase in fiscal risk against natural
disasters due to the COVID-19 pandemic. Moreover, he reveals that the novel coronavirus
pandemic has more substantially hit poor and climate-vulnerable economies, while the more
developed countries tend to be more COVID-19 resilient. Nevertheless, Rawdanowicz et al.
[81] claim that high debt levels in developed countries make public finances vulnerable to
future adverse shocks. The above-mentioned studies indicate that an excellent fiscal stance,
including a positive primary balance, increases the country’s readiness for any crisis situation.

Governance indicators. Governance policies are another crucial determinant of a coun-
try’s readiness for a crisis situation. Kahn [82], analyzing the effects of governance on disaster
fatalities and damages, observes that democratic countries outperform other forms of
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governance, as democratic governments implement anti-disaster measures to mitigate the neg-
ative consequences of hazards. Raschky [83] confirms that institutional framework is a critical
determinant of vulnerability and resilience to disasters. The willingness of the public to comply
with the proposed government restrictions is crucial for controlling the spread of COVID-19
[84]. The health crises we experienced in the past have confirmed that trust in the government
significantly increases the chances of society to overcome the crisis [85]. Although Chisadza

et al. [86] present a non-linear association between government effectiveness and the number
of deaths in the different economic classifications of countries, Petrovic et al. view trust in gov-
ernment as an important factor that affects countries’ readiness for crisis periods [87]. Bargain
and Aminjonov [88] show that the effect of anti-COVID-19 policy stringency is more pro-
nounced in high-trust regions. One important aspect to explore in future research is vaccine
hesitancy among the population, as it can significantly impact a nation’s performance (Verger
and Peretti-Watel [89]). The success of COVID-19 vaccination efforts in countries is closely
linked to the level of public trust, which needs to be established and strengthened for effective
pandemic crisis management (Soveri et al., [90]). Furthermore, Eurohealth [91] demonstrate
that countries with efficient vaccination plans tend to have higher levels of governance indica-
tors, such as Government Effectiveness, Regulatory Quality, and Rule of Law, compared to
countries with less effective vaccination rollouts.

During the COVID-19 pandemic, access to information constitutes a significant issue. It
mainly concerns the mass media. Gonzalez-Padilla and Tortolero-Blanco [92] claim that social
media has the great benefit of delivering educational content quickly during the COVID-19
era, e.g., Chan et al. [93] developed an infographic on airway management in suspected or con-
firmed COVID-19 patients.

At the time of the crisis, adaptability issues seem crucial both for the entire country and its
elements. Organisations are in danger of experiencing unimaginable disruptions. The leader’s
primary objective would be to reopen, recover the business, and begin to manage a crisis. Con-
sequently, employees can be most at risk in several ways [94]. Financial risks, including credit,
liquidity, and operational risks, are some more prevalent and unique financial concerns of
firms [95], particularly in economic instability and uncertainty. Moreover, overconfidence is
an empirically confirmed cognitive bias that negatively affects economic outcomes [96].

Social indicators. Besides economic and political factors, a country’s readiness for a crisis
is linked to social issues, including inequality, education, research and innovation, and health.
Pickett and Wilkinson [97] consider income inequality as a subset of social disparity in health
and mortality. However, [98, 99] observed increased COVID-19 transmission and mortality in
the poorest countries due partly to overcrowded housing and working conditions. Moreover,
education and education programmes help prepare the country for any crisis. [100] emphasise
the importance of effective public health education to reduce daily and cumulative COVID-19
mortality. Czech et al. find that a higher rate of tertiary education increases mobility changes
during COVID-19, while the greatest response of human mobility reaction to COVID-19
refers to the most developed countries [101]. Additionally, the greater the tertiary education
rate is, the greater the rules of obedience, including handwashing, which reduces the total and
newly confirmed COVID-19 cases [102].

Regarding pre-COVID-19 readiness, Ramalingam, Prabhu, and Caballero-Morales [103,
104] claim that knowledge and innovation matter. Furthermore, Lv et al. [105] observe that
the COVID-19 pandemic has intensified the need for government and urban search for and
use of more innovative and safer technologies, including intelligent transportation, to prevent
future epidemics. In addition, more open innovation strategies can help businesses to compete
against the COVID-19-induced market downturn [106, 107].

PLOS ONE | https://doi.org/10.1371/journal.pone.0289615  August 4, 2023 6/25


https://doi.org/10.1371/journal.pone.0289615

PLOS ONE

COVID-19 resilience index in European Union countries

Lastly, access to and quality of healthcare represent a fundamental issue regarding the coun-
try’s preparedness for the pandemic. Publicly funded healthcare is a substantial part of govern-
ment spending in most developed countries, including the EU member states [108]. WHO
[109] claims that public health and social measures (PHSMs) are a key strategy to reduce the
transmission of pathogens with epidemic or pandemic potential. These include non-pharma-
ceutical interventions that can be taken by individuals, institutions, communities, local and
national governments, and international bodies to slow or stop the spread of infectious dis-
eases, such as COVID-19.

Countries’ risk and readiness for a pandemic: Nexus between the analysed
factors

Pandemics, regardless of their nature, affect society’s economic, environmental, and social life-
style performance. This influences the ability of the present society to focus on its long-term
development [110]. The imbalance between society’s economic, environmental, and social fab-
ric underpins development trajectories in any fight against the pandemic. Although these pro-
cesses are amplified by the current economic system that overvalues private goods,
undervalues the common good, and has not given much thought about what the goals of eco-
nomic growth should be in times when income, wealth, and opportunity inequalities have
been increasing rapidly, and the effects of climate change become increasingly more visible to
see coupled with the pandemic effects worsens the situation in Europe.

Therefore, forging a resilient economy creates an opportunity to create buffer zones for
future risk, thus reducing unsustainable trends. Although economic indicators are insufficient
to address sustainability, promoting multistakeholder engagement and a bottom approach
when implementing these economic practices to ensure the local communities voices feature
in the discussion can increase the resilience of communities in the emergence of pandemics.
Additionally, the bottom-up approach ensures local values and broader community engage-
ment is prioritised where issues besides economic growth can even be addressed based on the
local experience [111].

However, it must be when dealing with establishing resilient systems to pandemics, and it is
a shock absorber against shocks or irreversibilities, which can harm the path towards attaining
sustainable development. Thus a multi-actor approach to ensure any weak link of the system
can be detected at earlier stages is fundamental to ensure these impacts do not exert pressure
on the system’s sustainability.

Noy et al. [112], measuring the economic risk of epidemics worldwide, observe that agricul-
tural areas and high numbers of younger populations are linked to higher country vulnerabil-
ity, while countries with higher geographic, social, and cultural disparity, receiving more
overseas incomes, are more resilient. Diop et al. [113], constructing COVID-19 economic vul-
nerability and resilience indices for 150 countries worldwide, and four principal world regions,
observe that on average European counties are the least vulnerable economically and most
resilient economically to COVID-19. Marti and Puertas [114], analysing European countries’
vulnerability to the COVID-19 pandemic, show that Eastern European countries should allo-
cate their resources to tackle health and societal challenges. On the other hand, countries pos-
sessing a higher GDP per capita and those that have experienced severe impacts from the
coronavirus will need to implement modifications in their employment structures to curtail
the adverse consequences. Coccia [51] creates indexes of resilience and preparedness to mea-
sure the performance of EU countries to face pandemic threats. He reveals that each nation
possesses certain vulnerabilities, with none exhibiting high preparedness to tackle a major epi-
demic or pandemic. Further, his findings imply that countries with smaller population size
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and/or superior public governance, coupled with significant health system expenditure, fared
better during the COVID-19 pandemic crisis.

According to Rai et al. [115], it is widely acknowledged that the COVID-19 pandemic is
likely to have long-lasting and significant impacts on socioeconomic systems, food security,
and livelihoods. The authors argue that in order to address these challenges, policymakers
should prioritize the establishment and maintenance of a robust healthcare system, promote
environmental sustainability, and encourage the adoption of a circular economy. By viewing
the various effects of COVID-19 through the lens of Sustainable Development Goals (SDGs)
and their relationship with sustainability and nexus indicators, a comprehensive understand-
ing of the pandemic’s implications can be achieved. Conducting a pragmatic assessment of
COVID-19’s consequences can enhance our understanding of vulnerability, preparedness, and
potential strategies for sustainable management. COVID-19 has derailed progress toward
SDGs, as all SDGs are interlinked; health systems and the health and well-being of the popula-
tion are directly affected by the pandemic while impacts on prosperity, education, planetary
health, and food insecurity are indirect due to pandemic responses. SDGs reports have shown
uneven progress from 2019 related to COVID-19 which continued till 2022 [116]. Wang and
Huang [117] conducted a bibliometrics analysis of the impact of COVID-19 on sustainability
and SDGs. The results revealed COVID-19 pandemic had negative effects on 17 SDGs goals,
whereas the pandemic may also bring opportunities to another 14 SDGs goals. D’Adamo et al.
[118], analysing 35 indicators related to the economic Sustainable Development Goals for 27
EU countries, observe that northern and western countries outperform other EU member
states (Sweden and Denmark gain the highest ranks). Moreover, Resce and Schiltz [119], using
means of Hierarchical Stochastic Multicriteria Acceptability Analysis for EU countries, show
that Denmark outperforms other EU states, while in Romania and Bulgaria, lower perfor-
mance levels are observed. Similarly, Ricciolini et al. [120], applying Multiple Reference Point
Weak-Strong Composite Indicators to assess UN 2030 Agenda fulfilment, find that Nordic
countries reach a good level of global sustainability. Ranjbari ef al. [121] examined the
COVID-19 effect on the triple sustainability pillars (i.e., economic, social, and environmental
perspectives) and the SDGs. The study identified the current research gaps and proposed some
research directions for sustainable development.

These indices serve as crucial tools for policymakers in devising efficient strategies to
enhance a country’s preparedness and prevention measures against potential future pandemics.

The above-presented literature review indicates that plenty of research studies focus on sin-
gle factors affecting country risk or readiness for the COVID-19 pandemic. In the paper, we
combine all these issues and build a more complex and coherent picture that models a coun-
try’s stance in the context of huge COVID-19 risks and its preparedness for this unexpected
external shock.

Material and methods

The paper aims to identify groups of the European Union countries characterised by a similar
COVID-19 Resilience Index (CRI). The self-calculated CR index reflects the countries’
COVID-19 risk and readiness for a crisis, including a pandemic. Moreover, the study detects
the factors that significantly differentiate the distinguished groups. The progressive nature of
our methodology to accommodate more factors and the inclusion of a matrix makes it an
essential tool for decision-makers when formulating recommendations to reduce the risks of
future pandemics and adaptive measures that can be put in place. Additionally, it provides a
baseline for attaching compensation funds in future social aid for affected countries from the
EU social fund.
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Selected indicators are based on data quantified for the CRI indicators for all the EU coun-
tries, apart from Cyprus (due to data availability). Data for the CRI are characterised by trans-
parency, reliability, and consistency criteria. CRI’s framework structure breaks into the
measure of COVID-19 risk and the country’s readiness. The COVID-19 risk factors, as pre-
sented in the literature review, are divided into three main sub-criteria, i.e., hazards, vulnera-
bility, and exposure, as summarised in Table 1.

As a primary measure of COVID-19 hazard, we use the percentage of the infected popula-
tion to the total population for each analysed country. The overall population immunity is
determined as the sum of protection levels in vaccinated persons and those previously infected
but not vaccinated. In the study, we apply data concerning the non-immunised population
percentage. We assume that the non-immunised population positively relates to the risk factor
as a high value indicates considerable risk. Data come from Refinitiv DataStream and cover
2020.

Additionally, as a measure of COVID-19 hazard, we apply human mobility changes data
from COVID-19-related Community Mobility Reports produced by Google [122]. We assume
that increased positive changes in human mobility will decrease the risk of COVID-19. We
estimate the ratio of changes in human mobility by averaging the daily changes in human
mobility. We select the biweekly periods characterised by the highest severity of anti-COVID-
19 policy, as we believe that the stringency of the government policy determines human mobil-
ity changes during the COVID-19 pandemic [101]. Based on the literature review, we assume
that positive human mobility changes in the residential category reduce the COVID-19 hazard
ratio. Vulnerability factors refer to countries’ physical situation and risk toward COVID-19
cognisance. We apply population density as one of the vulnerability indicators collected from
the Eurostat database for 2020, assuming that a high value leads to considerable risk. More-
over, we used the developed BlavatNik School’s Government Stringency index, which mea-
sures the severity of the government’s anti-COVID-19 policy. The index demonstrates the
government’s stringency of the responses to the COVID-19 pandemic. The index takes values
from 0 to 100 [123]. Higher values express more stringent anti-COVID-19 government policy.
Based on the literature review, we assume that the stringency of government restriction and
lockdown reduces the COVID-19 vulnerability ratio, and it has a negative relation to the risk
as a high value indicated minimal risk. To measure diet habits, we apply the daily consumption
of fruit and vegetables from the Eurostat database. We assume it negatively affects the risk as a

Table 1. COVID risk indicators.

Criteria Applicable Indicators
Hazard Infected population percentages
Non-immunised population percentages
Residential human mobility changes
Vulnerability Population density
Daily consumption
Urban concentration
The stringency of the anti-COVID-19 policy
Pollution ratio
Material Footprint
Exposure Elderly people (over 65)
Diabetes

Source: own elaboration based on the literature review.

https://doi.org/10.1371/journal.pone.0289615.t001
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high daily consumption value indicated minimal COVID-19 risk. The environmental factors
are represented by pollution ratio, urban concentration, and material footprint. Data come
from the World Bank and Eurostat. We assume that the increased value of these indicators is
linked to the higher COVID-19 risk. The remaining risk factors refer to exposure indicators,
i.e., ratios of elderly people and diabetes in the total population. Data come from Eurostat and
Refinitiv DataStream.

Readiness factors comprehend three components: economic readiness, governance readi-
ness, and social readiness. The applied indicators are presented in Table 2. All these indicators
are collected from the Sustainable Governance Indicators (SGI) report, provided by the OECD
and EU research entities, as one source to support the reliability and validity of the results.
However, this does not imply that the CRI is a subset of sustainability, as other dimensions are
not factored. The study seeks to establish a resilience index that decision-makers can use as an
early warning for a threat to their sustainability path.

As depicted in Table 2, economic readiness relates to investment. It facilitates the mobilisa-
tion of capital from the public and private sectors that could be measured through the ability
to do business. The applied indicators are GDP per capita, labour policy, and primary balance.
The SGI report’s economic policy indicators aim to stimulate competition and strengthen
market principles. According to the theoretical discussion presented earlier in this paper and
the concept of the report, these policies offer the greatest benefit to the greatest number of peo-
ple if they are accompanied by redistributive tax and labour-market redistribution policies and
supported by social policies that facilitate equitable societal distribution of the benefits of eco-
nomic growth. Therefore, they all positively relate to the readiness level, as high values indicate
high readiness.

The governance readiness measures the social stability and institutional arrangements con-
tributing to the investment risks. A stable country with a high governance capacity reassures
investors that the invested capital could grow with the help of responsive public services and
without significant interruption. The following indicators measure it into two subgroups:
Quality of Democracy, encompassing the Rule of Law (based on Legal Certainty, Judicial
Review, Appointment of Justices, and Corruption Prevention), and Access to Information
(measured by Media Freedom, Media Pluralism, Access to Government Information); Execu-
tive Capacity, including Implementation (indicated through Government Effectiveness, Minis-
terial Compliance, Monitoring Ministries, Monitoring Agencies/Bureaucracies, Task Funding,

Table 2. Readiness indicators.

Criteria Applicable Indicators
Economic GDP per Capita
Labour Markets

Primary Balance
Governance Quality of Democracy Rule of Law
Access to Information
Executive Capacity Implementation
Adaptability
Social Gini Coefficient
Tertiary Attainment
Research, Innovation, and Infrastructure

Spending on Preventive Health Programs

Source: own elaboration based on the literature review.

https://doi.org/10.1371/journal.pone.0289615.t1002
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Constitutional Discretion, National Standards, Effective Regulatory Enforcement), and Adapt-
ability (through Domestic Adaptability, International Coordination). All these indicators have
a positive relationship with the level of readiness, as high values indicate a high level of
readiness.

Social readiness helps society make efficient and equitable use of investment and yield more
benefit from the investment, measured by the following indicators: Gini Coefficient, Tertiary
Attainment; Research, Innovation, and Infrastructure; Spending on Preventive Health Pro-
grams. In addition, the social readiness indicators aim to improve sustainability, thus guaran-
teeing the long-term sustainability of social welfare systems. All these indicators positively
affect the readiness level, as high values indicate high readiness.

We develop a CRI matrix to cluster the countries according to their COVID-19 risk and
readiness factors. It is essential to standardise data when working with multidimensional indi-
cators with different units and dimensions [124]. Standardisation in developing composite
indices transforms the indicator into a uniform scale and numbers without units that facilitate
comparison [125]. The min-max normalisation method (rescaling method), as outlined by
Mazziotta and Pareto [126], is applied to align indicators with both positive and negative rela-
tionships to the index, thus reducing the extremism effect. Resizing is chosen for its ease of
application and ability to eliminate extreme values, thus eliminating partially Xi standardised.

The min-max conversion method resizes the different indicators (Xi) in the same range (0-
1) based on the minimum (X,,,;,) and maximum (X,,,,,) as presented in Eq 1.

. . data — reference point
score” = |"direction” — f P

baseline maximum — baseline minimum (v
The "direction" parameter has two values of 0 or 1. 0 applies when the indicator has an
inverse correlation to the final readiness or risk scale. In contrast, 1, when the indicator has a
positive correlation to the final readiness or risk scale, a higher risk score means a higher level
of a country’s risk and a higher readiness score indicates a higher level of a country’s readiness.
CRI is computed by subtracting the risk score from the readiness score for each country and
scaling it to a value of 0-100. Eq 2 depicts the formula applied to estimate the CRI index.

CRI = (readiness score — risk score + 1)*50 (2)

The CRI index represents a scatter plot of readiness versus risk. The Matrix provides a
visual tool for rapidly comparing countries and monitoring their progress over time. The plot
is divided into four quadrants, delineated by the median risk score across all the countries, and
the median readiness score is calculated the same way. About half of the countries are to the
left of the readiness median and half to the right. Likewise, half fall above the risk median and
half below. (Fig 1) presents the CRI matrix. The interpretation of the quadrants is as follows:

 Red (Upper Left) Quadrant (countries facing the most significant challenges and the urgency
to act): countries with a high level of COVID-19 risk but a low level of readiness. They are all
in dire need of investment to improve their readiness.

« Blue (Upper Right) Quadrant (countries facing significant challenges but are adopting solu-
tions): countries with a high level of COVID-19 risk and a high level of readiness. Adapting
is essential in these countries, but they are ready to respond. Perhaps the private sector is
more likely to be involved in adaptation here than in low-readiness countries.

o Yellow (Lower Left) Quadrant (countries facing few present challenges, have time to pre-
pare): countries with low readiness levels and COVID-19 risk. Although their risk is rela-
tively low, their adaptation may be delayed due to lower readiness.
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Fig 1. CRI matrix. Source: Authors’ edition based on Cheng et al. [127].
https://doi.org/10.1371/journal.pone.0289615.g001

o Green (Lower Right) Quadrant (countries well-positioned with few challenges): countries
with a low level of COVID-19 risk and a high level of readiness. These countries still need to
adapt (none have a perfect COVID-19 risk score), but they are well-prepared.

We assess the existence of significant differences among the distinct groups by applying the
Kruskal-Wallis test [128, 129] and the Wilcoxon rank-sum pairwise comparison test [130]
with the p-values adjustment using the Benjamini and Hochberg method [131]. The p-values
adjustment in the pairwise comparison test was estimated in R software. In the Kruskal-Wallis
test, distinguished country groups represent the independent qualitative variable. In contrast,
the dependent variable is the selected indicator of countries’ COVID-19 risk factors or selected
measures of countries’ readiness for a crisis.

Results and discussion

The CRI matrix scales using the proximity-to-reference point approach, which scores the level
of risk and readiness by the distance to the ideal status (i.e., least risk is 0 and most ready is 1).
0 for risk or 1 for readiness is considered a "full score". Measurement scores can be used to
evaluate the distance from the desired condition. The reference points in CRI for individual
measures are presented in Table 3.
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Table 3. Reference points for individual indicators.

Sector

COVID-19
risk

Readiness

Hazard

Vulnerability

Exposure

Economic Policies

Social Policies

Governance
Policies

Source: own calculation.

Indicator Reference Baseline Baseline Q1 Median Q3 IQR
point Min Max (Q2)
Infected population percentages (%) 3.61 0.56 6.72 1.98 3.04 3.60 | 1.62
Non-vaccinated population percentages (%) 91.03 75.69 99.69 88.25 89.83 90.97 | 2.72
Residential human mobility changes (%) 14.92 12.92 33.83 17.33 19.67 26.77 | 9.44
Stringency of anti-COVID-19 policy (points) 82.00 67.00 96.00 78.50 81.50 86.50 | 8.00
Daily consumption of fruit and vegetables [1- 58.00 22.30 68.00 44.53 52.65 57.8 | 13.28
4 portions]
Pollution ratio (2017) (ppm) 12.00 6.00 21.00 10.00 12.50 16.00 | 6.00
Material Footprint (2020) (tonnes per capita) 4.03 1.00 7.61 493 5.67 6.60 | 1.67
Population Density (Persons/Km?) 108.00 18.00 1642 72.25 107.5 144.25 | 72.00
Urban Concentration (2020) (%) 59.00 54.00 98.00 64.5 73.00 84.75 | 20.25
Diabetes (% of total population) 6.60 4.20 9.60 5.225 5.75 6.925 | 1.70
Elderly people +65 (% of total population) 19.00 14.00 23.00 19.25 20.00 21.00 | 1.75
GDP per Capita (US$) 7.55 3.68 10.00 4.82 5.72 7.14 | 2.32
Labour Markets (ratio) 7.37 3.23 8.62 5.66 6.73 7.58 | 1.93
Primary Balance (US$) 6.27 3.97 7.68 5.46 5.76 6.61 | 1.14
Research, Innovation, and Infrastructure 6.18 2.75 8.97 4.24 5.06 6.41 | 2.17
(ratio)
Tertiary Attainment (%) 6.01 3.73 8.01 4.96 5.97 7.02 | 2.06
Gini Coefficient (ratio) 6.24 1.91 8.38 4.47 5.85 624 | 1.76
Spending on Preventive Health Programs (US 4.62 2.59 8.20 4.50 5.24 6.17 | 1.67
$)
Quality of Access to information 6.67 3.00 10.00 5.83 7.00 8.17 | 2.33
Democracy (ratio)
Rule of Law (ratio) 8.25 3.00 9.75 5.81 7.13 8.00 | 2.19
Executive Capacity | Implementation (ratio) 6.83 3.91 8.41 5.10 6.46 7.08 | 1.98
Adaptability (ratio) 5.50 3.50 9.50 5.13 6.25 7.88 | 2.75

https://doi.org/10.1371/journal.pone.0289615.t003

Fig 2 depicts the distribution of countries in the CRI matrix. Group I (upper left) refers to

countries with high COVID-19 risk and low readiness for a crisis situation (risk of more than

0.467 and readiness of less than 0.512). Group I comprehends such countries as Bulgaria,

Romania, Hungary, Poland, Czechia Republic, and Malta. These countries are the greatest
challenges, and the urgency to act with significantly high individual indicator values of risk,
such as pollution and material footprint, and low value of readiness indicators, such as GDP
per capita, Gini coefficient, and the rule of Law. Group II (Upper Right) refers to countries
with high COVID-19 risk and high readiness for a crisis situation (risk with more than 0.467
and more than 0.512). Among the group are Sweden, Netherlands, Lithuania, Latvia, Belgium,
Denmark, and Germany. These countries have great challenges but are adopting solutions
quite protected or prepared to risk high readiness. Group III (Lower Left) refers to countries
characterised by low COVID-19 risk and low readiness for a crisis situation (risk with less

than 0.467 and readiness of less than 0.512). The group consists of Italy, Spain, Slovenia, Croa-
tia, Slovakia, and Greece. These countries have few present challenges and have time to prepare
to face them relative to their readiness level. Group IV (Lower Right) refers to countries char-
acterised by low COVID-19 risk and high readiness for a crisis situation (a risk with less than
0.467 and readiness of more than 0.512). The group includes countries such as Luxembourg,
France, Austria, Finland, Estonia, Portugal, and Ireland. As Table 4 shows the COVID-19
resilience index score for the European countries.

PLOS ONE | https://doi.org/10.1371/journal.pone.0289615  August 4, 2023

13/25


https://doi.org/10.1371/journal.pone.0289615.t003
https://doi.org/10.1371/journal.pone.0289615

PLOS ONE

COVID-19 resilience index in European Union countries

0.65

0.6

0.55

0.5

RISK

0.45

0.4

0.35

0.25

0.1

@ Bulgaria

0.15 0.2

@ Hungary

Greece

Croatia

Slovakia

Tym——————-

0.85

@ Malta
@ Netherlands
Czech@

1

© Poland :
i

. @ Sweden
: @ L ithuar © (vm]\ e
i O e | A Ok
p Portugal
1 S tonis
Sloveni«O} @ /\usl@ Estonia
Italy : @ France
1
pall 1 @ Luxembourg

1
1
1
1
1
1
1
1
1
1
: @ Ireland

0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8

READINESS

Fig 2. European countries’ distribution in the CRI matrix. Source: Authors’ edition.

https://doi.org/10.1371/journal.pone.0289615.9g002

We apply the Kruskal-Wallis test to assess significant differences between obtained groups.
We use the test to check which factors related to the COVID-19 risk and the country’s readi-
ness for a crisis statistically significantly differentiate the selected country groups. The results
of this analysis will help us identify factors that seem to be the most important in terms of

COVID-19 risk reduction and countries’ readiness for the crisis increase.

The above-presented country groups represent the independent qualitative variable in the
Kruskal-Wallis test. In contrast, the dependent variable is the selected indicator of countries’
COVID-19 risk factors and selected measures of countries’ readiness for a crisis. Table 5 pres-
ents the results of the Kruskal-Wallis test for COVID-19 risk indicators.

Table 4. European COVID-19 resilience index score.

Countries
Austria
Belgium
Bulgaria
Croatia
Czechia
Denmark
Estonia
Finland
France
Germany
Greece
Hungary

Ireland

Readiness Score
0.58
0.58
0.21
0.33
0.48
0.77
0.63
0.76
0.54
0.70
0.35
0.27
0.72

Source: own calculation.

Risk Score

0.43
0.47
0.61
0.42
0.55
0.47
0.43
0.48
0.41
0.49
0.44
0.48
0.27

https://doi.org/10.1371/journal.pone.0289615.t004

CRI Score
57.38
55.60
30.09
45.23
46.29
64.99
59.85
64.04
56.25
60.87
45.63
39.50
72.51

Countries
Italy

Latvia
Lithuania
Luxembourg
Malta
Netherlands
Poland
Portugal
Romania
Slovakia
Slovenia
Spain

Sweden

Readiness Score
0.42
0.52
0.54
0.67
0.44
0.64
0.39
0.51
0.15
0.29
0.51
0.49
0.80

Risk Score
0.41
0.56
0.48
0.38
0.60
0.57
0.53
0.45
0.53
0.38
0.43
0.39
0.49

CRI Score
50.61
48.04
53.07
64.17
41.78
53.45
43.26
53.02
31.19
45.94
53.95
55.25
65.58

PLOS ONE | https://doi.org/10.1371/journal.pone.0289615  August 4, 2023

14/25


https://doi.org/10.1371/journal.pone.0289615.g002
https://doi.org/10.1371/journal.pone.0289615.t004
https://doi.org/10.1371/journal.pone.0289615

PLOS ONE

COVID-19 resilience index in European Union countries

Table 5. The Kruskal-Wallis test results for COVID-19 risk indicators.

COVID-19 risk indicators K-W Chi-squared test statistic p-value
Infected population percentages 1.04 0.791
Non-vaccinated population percentages 2.30 0.513
Residential human mobility changes 8.85 0.031
The stringency of the anti-COVID-19 policy 10.28 0.016
Daily consumption of fruit and vegetables 7.05 0.071
Pollution ratio 12.77 0.005
Material Footprint 9.14 0.027
Population Density 0.45 0.929
Urban concentration 5.85 0.119
Diabetes 2.77 0.429
Elderly people +65 (% of the total population) 6.08 0.108

Source: own calculation.

https://doi.org/10.1371/journal.pone.0289615.t005

The research results in Table 5 indicate four COVID-19 risk indicators that significantly, at
a 0.05 significance level, differentiate the countries in the first year of the COVID-19 pan-
demic. Significant factors are the changes in residential human mobility, the stringency of
anti-COVID-19 policy, pollution, and material footprint. Additionally, we use a pairwise com-
parison Wilcoxon rank-sum test to check whether the detected significant differences refer to
all four country groups or selected ones. The results of the pairwise comparison test are pre-
sented in Table 6.

Table 6 results imply significant differences, at a 5% significance level, in the median level
of human mobility changes in the residential category between country groups Il and IIL, i.e.,
countries with a high risk of COVID-19 and high level of readiness and low risk of COVID-19
and low level of readiness. Moreover, (Fig 3) shows that countries with high COVID-19 risk
(groups I and IT) are characterised by, on average, smaller residential mobility increases than
countries with low COVID-19 risk groups (groups III and IV). It indicates that greater changes
in human mobility and greater people’s flexibility in adapting to remote work may lower the
risk of rapid COVID-19 disease spread.

The pairwise comparison Wilcoxon rank-sum test results reveal the significant differences,
at a 5% significance level, in the median level of the stringency level of anti-COVID-19 policy
between country groups II and III. Additionally, (Fig 4) shows that countries with high
COVID-19 risk (groups I and II) are characterised by a lower average level of government
anti-COVID-19 restrictions stringency than countries with low COVID-19 risk groups

Table 6. Pairwise comparison of Wilcoxon rank-sum test results for COVID-19 risk indicators.

Pairs Pairwise comparison (p-value)-Wilcoxon rank-sum test
Residential human mobility changes The stringency of the anti-COVID-19 policy Pollution Material Footprint

I-1T 0.262 0.178 0.013 0.042
I-1II 0.154 0.178 0.717 0.281
I-1IvV 0.644 0.463 0.023 0.044
II-111 0.045 0.026 0.107 0.241
II-IvV 0.184 0.178 0.654 0.996
II-1v 0.995 0.347 0.107 0.281

Source: own calculation.

https://doi.org/10.1371/journal.pone.0289615.t006
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Fig 3. Boxplot for human mobility changes in residential category in four distinguished groups. Source: own
calculation based on the data available in the EU.
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(groups IIT and IV). It implies that a more stringent anti-COVID-19 policy could reduce the
risk associated with COVID-19.

The results show that low-COVID-19-risk country groups are characterised by greater posi-
tive residential mobility changes and more stringent anti-COVID-19 government policies. It
corresponds to [101], who reveals a positive relationship between the stringency of anti-
COVID-19 government policy and human mobility changes in the residential category.

The pairwise comparison Wilcoxon rank-sum test results reveal the significant differences,
at a 5% significance level, in the median level of pollution and material footprint factors
between groups I and II, and groups I and IV. Moreover, it shows that these two factors do not
only differentiate the countries in terms of COVID-19 risk but also in terms of their readiness
for a crisis. For the rest of the boxplots, see S1 Appendix.

The research results in Table 7 indicate eight out of eleven country readiness factors that
significantly differentiate the analysed country groups at a 5% significance level. Among the
significant factors are the economic indicators, such as GDP per capita and Labour markets,
the governance indicators, such as Rule of Law, Access to Information, Implementation and
Adaptability measures; and social indicators, such as Tertiary Attainment and Research,
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Fig 4. Boxplot for stringency index category in four distinguished groups. Source: own calculation based on the
data available in the EU.

https://doi.org/10.1371/journal.pone.0289615.g004

PLOS ONE | https://doi.org/10.1371/journal.pone.0289615  August 4, 2023 16/25


https://doi.org/10.1371/journal.pone.0289615.g003
https://doi.org/10.1371/journal.pone.0289615.g004
https://doi.org/10.1371/journal.pone.0289615

PLOS ONE

COVID-19 resilience index in European Union countries

Table 7. Kruskal-Wallis test results for countries’ readiness factors related to economic, governance and social
indicators.

K-W Chi-squared test statistic p-value
GDP per Capita 11.69 0.008
Labour markets 10.89 0.012
Primary balance 5.76 0.124
Rule of Law 16.25 0.001
Access to Information 14.13 0.003
Implementation 15.93 0.001
Adaptability 13.49 0.004
Gini Coefficient 0.35 0.951
Tertiary Attainment 16.15 0.001
Research, Innovation, and Infrastructure (RII) 16.20 0.001
Spending on Preventive Health Programs 2.16 0.540

Source: own calculation.

https://doi.org/10.1371/journal.pone.0289615.t007

innovation, and infrastructure. We apply a pairwise comparison Wilcoxon rank-sum test to
check whether the detected significant differences refer to all four country groups or selected
ones. The results of the pairwise comparison test are presented in Table 8.

The results of the pairwise comparison Wilcoxon rank-sum test reveal the significant differ-
ences, at a 5% significance level, in the median level of eight country readiness factors mainly
between the high- and low- readiness group of countries, i.e., between I and II, I and IV, IT and
II1, and IIT and IV. Moreover, the boxplots (S1 Appendix) show that high readiness countries
are characterised by the highest values of indicators such as level of GDP per capita, Labour
markets, Rule of Law, Access to Information, Implementation and Adaptability measures, Ter-
tiary Attainment and Research, Innovation, and Infrastructure ratio.

The Kruskal-Wallis test research results might be applied to draw some recommendations
for decision-makers. However, it should be emphasised that the research results might be
affected by the time period of the study. Data for risk factors cover only the first year of the
COVID-19 pandemig, i.e., 2020, while the level of country readiness was presented based on
data from the period before the COVID-19 pandemic.

Conclusions

Handling complex issues in a diverse environment requires simple approaches that can be
synthesised quickly and effectively. Furthermore, approaches that transcend beyond the scope

Table 8. Pairwise comparison of Wilcoxon rank-sum test results for COVID-19 risk indicators.

Pairs | Pairwise comparison (p-value)-Wilcoxon rank-sum test

GDP per Capita | Labour markets | Rule of Law | Access to Information | Implementation | Adaptability | Tertiary Attainment | R&I and Infrastructure

I-1I 0.036
I-IIT | 0.829
I-IV | 0.036
II-III | 0.036
II-IV | 0.555
III-IV | 0.036

Source: own calculation.

0.172
0.172
0.172
0.044
0.941
0.044

0.022
0.046
0.027
0.027
0.160
0.104

https://doi.org/10.1371/journal.pone.0289615.t008

0.018 0.012 0.014 0.016 0.012
0.078 0.999 0.547 0.616 0.773
0.070 0.012 0.044 0.016 0.012
0.018 0.012 0.045 0.016 0.012
0.252 0.496 0.604 0.616 0.409
0.320 0.012 0.116 0.022 0.012
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of any sector, as the pandemic and future crisis prove to be borderless. Therefore, a multi-sec-
toral and stakeholder approach that can ensure the European Union achieves a just transition
is fundamental in the face of any challenge. Moreover, designing such approaches is a subset
of a multi-perspective approach that can be compared from a relative development position.
Unfortunately, there is no standard approach to compare or handle emergencies. Therefore,
improving what already exists forms a strong standpoint for creating a springboard for the EU
to handle crises.

COVID-19 has rapidly billowed into a pandemic and swept countries worldwide. Pandem-
ics are considered very low-probability catastrophic events linked to deep uncertainty about
their timing and severity. Thus, national decision-makers have limited options for implement-
ing proactive measures for pandemics. The critical problem in the COVID-19 crisis is the mea-
surement of the country’s readiness to cope with the pandemic threats, i.e., to assess: the
performance in reducing COVID-19-related mortality, support vaccination programmes to
constrain future pandemic threats and support the recovery of socio-economic systems.

The paper aims to identify groups of the European Union countries characterized by a simi-
lar COVID-19 Resilience Index (CRI). The CRI index reflects the countries’ COVID-19 risk
and their readiness for a crisis, including future pandemics. Additionally, the study identifies
factors that differentiate the distinguished groups where Bulgaria, Hungary, Malta, and Poland
have the lowest COVID-19 Resilience Index score while Luxembourg, Sweden and Denmark
have the Highest CRI.

We believe that the COVID-19 Resilience Index in the European Union countries might
constitute an effective tool to distinguish the countries according to the risk and readiness lev-
els related to a crisis. The calculated CRI is meant to help the decision-makers either improve
the country’s status or tackle their risk by implementing the right policies targeting sustainable
development under different circumstances and crises.

The Kruskal-Wallis test results indicate four COVID-19 risk indicators that significantly
differentiate the countries in the first year of the COVID-19 pandemic. As it might distinguish
the level of restrictions and the policies level, the study has shown a significant correlation to
the environmental factors. Therefore, the levels of intervention and decision-making vary
accordingly. Many precautions can be taken at the country and individual levels. Thus, more
environmental policies are needed to enrich the quality of life and reduce life risks. Besides the
environmental factors, the study emphasised the importance of the Rule of Law, which affected
the disease spread and illustrated the power to control the risk. We might state that generally,
European countries’ advantage is the restrictive rules, and the real risk is concentrated around
environmental issues such as climatic and ecological.

Some recommendations to enlighten the decision-makers based on the study would be as
follows, countries such as Bulgaria, Romania, Hungary, Poland, Czechia Republic, and Malta
are in need to work on improving their indicators such as GDP per capita, Gini coefficient,
and the rule of Law. Whilst these countries (Sweden, Netherlands, Lithuania, Latvia, Belgium,
Denmark, and Germany) have to care about the ecological standers to tackle the COVID risks.
However, the group consisting of Italy, Spain, Slovenia, Croatia, Slovakia, and Greece are
doing fine just now, their advantage is all about time, and they should keep the balance up.
The Country Resilience Index (CRI) application for another crisis or research group is chal-
lenging for future research. However, based on our findings and the classification by CRI for
the EU, we can conclude that there is a higher likelihood of a positive correlation between our
CRI ranking and progress on SDG. Thus, there is a need to research the relationship in the
future and expound on how the CRI could be used to inform decision-making for sustainable
development or even how sustainable development implementation could be implemented to
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improve countries’ resilience to hazards and disasters. However, our CRI indicators are just a
tiny portion of defining sustainability as they could vary from system to system.
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