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Streszczenie

Przedmiot i cel pracy: W artykule przedstawiono analize trendéw dotyczacych zagrozenia
ubéstwem w regionach NUTS2 w 24 krajach europejskich w latach 2019-2024, ze szczeg6lnym
uwzglednieniem relacji miedzy uwarunkowaniami krajowymi a czynnikami regionalnymi.
Sprawdzono takze, czy mimo licznych kryzysow doszto do konwergencji pozioméw ubdstwa
miedzy regionami. Europa w tym okresie do§wiadczyta powaznych wstrzaséw spoteczno-eko-
nomicznych, takich jak pandemia COVID-19 czy inwazja Rosji na Ukraine, ktére przyczynity sie
do wzrostu inflacji i wywotaty kryzys energetyczny.

Materialy i metody: Analiza oparta na danych Eurostatu i hierarchicznych modelach miesza-
nych wskazuje, ze przecietne ryzyko ubdstwa spada, lecz utrzymuja sie znaczace dysproporcje
regionalne zaréwno w poziomach, jak i w dynamice zmian.

Wyniki: Wyniki wskazuja jednak na proces konwergencji - regiony o wyzszym zagro-
zeniu ub6stwem odnotowaty stosunkowo wieksza poprawe, mimo trudnych warunkéw
makroekonomicznych.

Whioski: Opracowanie wnosi nowg perspektywe do badan nad skutkami ostatnich kryzyséw,
poréwnujac trendy regionalne i krajowe oraz podkres$lajac znaczenie czynnikéw lokalnych obok
polityk panstwowych.

Stowa kluczowe: COVID-19, kryzys energetyczny, wskaznik zagrozenia ubdstwem, regiony
NUTS2, hierarchiczne modele mieszane

Abstract

Subject and purpose of work: This article analyses trends in the risk of poverty rate in NUTS2
regions across 24 European countries over 2019-2024, investigating the relative influence of
national conditions versus regional factors. It further explores whether a convergence process
in poverty levels has occurred despite multiple crises during this period. Notably, Europe
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experienced substantial socio-economic shocks, including COVID-19 pandemic and Russia’s invasion of Ukraine, which
contributed to heightened inflation and an energy crisis.

Materials and methods: Using Eurostat data and hierarchical mixed models, the analysis reveals a declining average poverty
risk but substantial regional disparities in both levels and trends.

Results: However, the results indicate a convergence process, suggesting that higher-poverty regions have improved relatively
more, despite challenging macroeconomic conditions.

Conclusions: This study contributes to the literature by analysing the impact of recent crises on household poverty at the
regional level and by comparing regional trends against national patterns, emphasizing the role of regional characteristics
alongside national policies.

Keywords: COVID-19, energy crisis, risk of poverty rate, NUTS2 regions, hierarchical mixed models

Introduction

The years 2019-2024 were marked by significant socio-economic disruptions that profoundly af-
fected European societies. The COVID-19 pandemic, which emerged in 2019, triggered an economic cri-
sis, exacerbated social inequalities (Benedetti and Crescenzi, 2023; Bernardi et al., 2021) and increased
global poverty level (Michalek, 2023). Shortly thereafter, Russia’s invasion of Ukraine in 2022 further
destabilised economic conditions, principally through a surge in energy prices that affected European
economies (Astrov et al., 2022).

Pandemic-induced inflation initially raised living costs, and the energy crisis brought on by the
war compounded financial pressure on households. Although various national policies aimed to mitigate
the effects of these shocks, the degree to which they have shaped household outcomes across regions
remains unclear (Sgaravatti et al., 2023). Indeed, regional characteristics, economic structures, and de-
mographic factors can modulate the impact of these overlapping crises, particularly among the most
vulnerable households (Benedetti and Crescenzi, 2023).

In this context, reducing disparities between countries and regions, often framed in terms of ter-
ritorial cohesion and convergence, has for decades been a central policy goal of the European Union
(Farkas and Szabd, 2018). In light of these overlapping crises, questions of socio-economic convergence
have gained renewed importance. Efforts to foster cohesion across European regions - long considered
a cornerstone of EU integration - are now challenged by uneven vulnerabilities and recovery trajectories.
The concept of convergence provides a useful perspective for assessing how regions respond to common
shocks. Convergence analysis makes it possible to examine whether poorer regions are catching up with
wealthier ones in terms of poverty reduction, or whether crises have instead reinforced existing dispar-
ities (Crespo Cuaresma et al., 2022; Ravallion, 2012). More broadly, convergence has long been regarded
as a central mechanism for achieving socio-economic cohesion in the European Union (Alcidi, 2019).
Within this framework, the idea of poverty convergence has emerged as a way to test whether regions
with higher poverty initially tend to experience faster reductions over time. Such processes are generally
linked to wider trajectories of economic development, including rising incomes, better living standards,
improved access to healthcare and education, and the expansion of welfare systems (Zhou et al., 2021).

The existing literature offers extensive analyses of poverty and social exclusion in European re-
gions. However, most studies focus on periods before these recent crises or on a limited number of coun-
tries. For example, Cartone et al. (2024) observe regional convergence in poverty between 2005 and 2015
in 223 NUTS2 regions using conditional poverty -convergence and quantile regression. Benedetti and
Crescenzi (2023) examine income inequality in NUTS2 regions of Germany and Italy in 2018, comparing
poverty indicators across small areas and highlighting significant regional differences in living condi-
tions. Longford et al. (2012) find considerable regional differences in Italy and France, versus greater uni-
formity in Spain and the Czech Republic in 2006, whereas Jedrzejczak (2015) reports divergent regional
income inequality patterns in Poland and Italy in 2009. Next, Savoia (2024) analyses income inequality
convergence in NUTS2 regions from 1989 to 2013 using conditional convergence and shows that these
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regions converge, but at a higher level of inequality. However, Ravallion (2012) investigates absolute
poverty convergence in a global perspective, analysing household data from 90 developing countries
between 1977 and 2007, and shows that higher initial poverty does not necessarily translate into faster
reductions over time. Complementary to this, Crespo Cuaresma et al. (2022) refine the concept of pover-
ty-growth elasticity and test alternative formulations of convergence, further developing the framework
introduced by Ravallion. At the policy level, Copeland and Daly (2012) analyse the EU’s ‘Europe 2020’
strategy, focusing on the goal of reducing poverty and social exclusion by 20 million people by 2020. They
show that while the target was politically important, it also had weaknesses, such as unclear definitions
and the risk of poor coordination across the EU. However, despite providing valuable insights into an-
ti-poverty strategies, these studies do not capture the effects of the most recent crises (COVID-19, energy
crisis) or offer a comprehensive regional perspective across Europe.

The primary objective of this paper is to analyse trends in the risk of poverty rate in NUTS2 regions
across European countries from 2019 to 2024. In particular, we examine whether changes in the risk of
poverty rate are primarily driven by country-specific or region-specific factors, and whether regional
convergence in poverty indicators - both the risk of poverty rate and the AROPE measure - has occurred
despite the disruptive shocks of the recent crises. By focusing on this period, the paper sheds light on
how overlapping health, energy, and inflationary crises have interacted with long-term processes of so-
cio-economic cohesion in the European Union.

This study contributes to the literature in three key ways. First, it provides one of the earliest sys-
tematic assessments of how the latest crises have affected poverty risks at the regional level, with a par-
ticular focus on both the risk of poverty rate and the broader risk of poverty or social exclusion (AROPE)
indicator. Second, it evaluates the coherence of poverty risk trends at national and regional levels, assess-
ing the extent to which regional dynamics align with or diverge from national trajectories despite uni-
formly applied policies. Third, it applies a three-level hierarchical modelling framework to disentangle
regional and national sources of variation in poverty risk and to test for convergence patterns over time.
Collectively, these contributions advance understanding of how crises interact with existing disparities
and offer new insights into the resilience of socio-economic convergence in Europe.

The paper is structured as follows. Section 2 describes data and methods employed in the study.
Section 3 reports the main empirical findings. Section 4 provides robustness check. Finally, Section 5
concludes the paper.

1. Data and methods

In our analysis, we collect data from Eurostat, describing the risk of poverty rate levels and risk of
poverty or social exclusion (AROPE). The at-risk-of-poverty rate is the share of people with an equivalised
disposable income (after social transfers) below the at-risk-of-poverty threshold, which is set at 60% of
the national median equivalised disposable income after social transfers!. Next, AROPE indicator refers
to the total number of individuals who are either exposed to poverty risk, experience severe material and
social deprivation, or reside in households characterised by very low work intensity?. These data cover
24 European countries (Albania, Belgium, Bulgaria, Croatia, Czech Republic, Denmark, Finland, France,
Germany, Greece, Hungary, Ireland, Italy, Lithuania, Netherlands, Norway, Poland, Portugal, Romania,
Slovakia, Slovenia, Spain, Sweden and Switzerland) and 246 regions at the NUTS23 level, spanning the
years 2019-2024. To provide a detailed overview of the variable characteristics, Table 1 presents the de-
scriptive statistics of the risk of poverty rate and the AROPE indicator, which show moderate variability

! FromEurostatGlossary:At-risk-of-povertyrate;https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:
At-risk-of-poverty_rate.

2 From Eurostat Glossary: Atrisk of poverty or social exclusion (AROPE); https://ec.europa.eu/eurostat/statistics-explained/
index.php?title=Glossary:At_risk_of _poverty_or_social_exclusion_(AROPE).

3 Basicregions generally used for the application of regional policies with a population ranging from 800,000 to 3 million.
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during the studied period. For the risk of poverty rate, the average value decreased from 17.09 in 2019
to 16.47 in 2024, suggesting a general trend of declining poverty risk. The median remained relatively
stable, fluctuating around 14.70-15.60. While the lowest values of the indicator did not exhibit a clear
trend, the maximum values increased significantly in 2023 (from 41.40 to 53.00) and remained relative-
ly stable in 2024, which may suggest a worsening situation in certain regions. The same statistics for
AROPE indicator exhibit a similar trend to the first indicator, but at a higher level. For instance, in 2019,
the AROPE minimum was 6.80 versus 2.90 for the risk of poverty rate, the median 19.70 versus 14.70, and
the maximum 55.40 versus 41.40.

Table 1. Descriptive statistics for the risk of poverty rate and AROPE indicator

Atrisk of poverty rate AROPE

Year

Min Median Mean Sd Max Min Median Mean Sd Max
2019 290 14.70 17.09 7.41 41.40 6.80 19.70 22.58 10.04 55.40
2020 2.40 15.45 17.23 7.58 39.70 5.90 19.25 22.43 9.96 51.90
2021 2.90 15.60 16.83 6.64 38.10 6.10 20.30 2197 8.83 50.30
2022 3.90 14.80 16.48 6.80 42.00 7.70 19.65 21.70 8.35 49.20
2023 2.10 14.80 16.26 6.88 53.00 5.80 19.85 21.39 8.19 60.30
2024 3.70 14.65 16.47 7.01 53.30 5.80 19.85 21.39 8.31 60.30

Notes: Min is a minimum value, Max is a maximum value, Sd is a standard deviation
Source: compiled by authors.

To analyse the variability of the risk of poverty rate and AROPE indicator at both the NUTS2 regional
level and the national level, we employ three-level hierarchical models, which allow for the consideration
of differences across different levels of aggregation (Finch et al., 2019). The first-level model equation can
be expressed as follows:

ROP;; = Uyt + B1jieXije + €ijes )

where ROP;jrepresents the estimated risk of poverty rate (or AROPE) for region /, country j and year ¢,
Xijtincludes the independent variable(s), such as time or its interaction with initial risk of poverty levels,
Upjt and 1 are intercept or slop, respectively, a €; ¢ is a random error term.

At the second level (NUTS2 regions) and the third level (countries), the intercept and slope coeffi-
cients are defined as follows:

Uojt = Qoo + Yoj + Uoij
Bije = @10 +V1j + Uy, (2)

where o1 aqfixed effects (the overall mean intercept and slope), and Yo}, ¥1j, Ug;j, U1;j random effects
at the country and region levels, respectively. Notably, hierarchical models allow for the comparison of
regional and national variability and enable the analysis of unbalanced data.

2. Results

3.1. Comparison of risk of poverty levels across NUTSZ2 regions

Figure 1 illustrates the distribution of changes in the risk of poverty rate across all regions within
each country from 2019 to 2024. Each box represents the interquartile range (Q3-Q1), the black line
indicates the median, and black dots denote outliers. As shown, there are substantial differences in

-194 -



From Pandemic to Energy Crisis: Poverty Dynamics in European NUTS2 Regions

the changes in poverty risk levels across countries. In nearly all countries, some regions experienced
a decline in poverty risk, while others saw an increase. However, it is evident that some countries were
significantly more affected by the crises than others. France, Germany, Belgium, and Croatia recorded
a notable increase in the risk of poverty rate across regions, suggesting a deterioration in economic con-
ditions over the six-year period. In contrast, countries such as Albania, Switzerland, Portugal, Sweden,
Romania, Poland, and Norway predominantly experienced a decline in the indicator, which may present
an improvement in poverty risk levels.

These cross-country differences likely reflect varying exposure to and recovery from recent eco-
nomic shocks. The increase in poverty risks observed in France, Belgium, Germany, and Croatia may be
related to the combined effects of the COVID-19 pandemic, rising energy prices, and inflationary pres-
sures that disproportionately affected low-income households. In addition, countries such as France and
Germany host large migrant populations, who were often more vulnerable to labour market disruptions,
further amplifying overall poverty risks (Fassani and Mazza, 2020). In contrast, countries such as Por-
tugal, Romania, Poland, and Albania introduced a combination of targeted social transfers and energy
price mitigation measures, which may have helped to partially cushion the effects of the crises for certain
groups. For instance, according to Bruegel’s estimates of fiscal responses to the energy price shock (Brue-
gel Dataset, 2023), the scale of support directed to households and firms between September 2021 and
January 2023 amounted to approximately 4.2% of GDP in Portugal and 3.8% in Romania, compared with
3.7% in France. However, the scope and effectiveness of these policy measures varied, and their long-
term impact on poverty reduction remains subject to further evaluation. Similar findings are reported
by Bobrovnikova etal. (2023) and OECD (2023), which highlight the uneven socioeconomic consequences
of the pandemic and the war in Ukraine across European countries.
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Figure 1. The distribution of changes in risk of poverty between 2019-2024

Source: compiled by authors.
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We also separately analyse the period 2021-2024 (Figure 2), taking into account major global events
such as the war in Ukraine and the resulting energy crisis. France emerged as having the most pro-
nounced overall increase in the risk of poverty rate. Additionally, several countries including Slovakia,
Hungary, Finland, Slovenia, and Lithuania also experienced notable increases or heightened volatility in
their poverty risk levels, likely reflecting the intensified economic pressures arising from disruptions
in energy supply chains and heightened energy costs in the region. In contrast, the risk of poverty rate
declined in some countries despite the occurrence of energy-related crises, including Italy, Romania,
Netherlands, Portugal, Switzerland, and Albania. Figures 1A and 2A (see Appendix) present the same
distributions, but for AROPE indicator. A similar pattern is observed for the AROPE indicator, with the
same countries standing out. Yet, the changes occur at a higher level, with increases or decreases gener-
ally more pronounced than those observed for the risk of poverty rate.

France
Slovakia
Hungary

Finalnd
Slovenia

Lithuania
Czech Republic

Croatia

Greece

Poland
Bulgaria

Denmark

Ireland

Country

Germany
Spain
Norway
Sweden
Belgium
ltaly
Romania
MNetherlands
Portugal

Switzerland

Albania
-20 0 20 40
Change in Risk of Poverty
Figure 2. The distribution of changes in risk of poverty between 2021-2024

Source: compiled by authors.

3.2. Risk of poverty trends

To analyse changes in the risk of poverty rate from 2019 to 2024 within European countries and
their regions, and to determine whether they exhibit a tendency toward convergence, we apply mixed-ef-
fects models. The models incorporate random effects for both the intercept and the trend, allowing for an
assessment of regional and national variability in the initial risk of poverty rate as well as its subsequent
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changes over time. Both Model 1 and Model 2 indicate a negative but non-significant trend in the poverty
rate over time (-0.09 in Model 1; -0.05 in Model 2). The random effects estimates highlight substantial
variation in poverty across countries, with country-level variance decreasing from 16.19 in Model 1 to
12.83 in Model 2, suggesting that regional differences explain part of the country-level variation. How-
ever, Model 2 reveals even greater variability at the regional level (variance is 43.38), indicating signifi-
cant disparities within countries. Similarly, while variation in the poverty trend is relatively small at the
country level (0.14), it is more pronounced at the regional level (0.28). Finally, the residual variance drops
sharply from 37.58 in Model 1 to 2.95 in Model 2, demonstrating that the inclusion of regional effects
substantially improves model fit. To assess whether these improvements in explaining the variability
of the risk of poverty rate are statistically significant, we conduct an ANOVA test (Table 3). The results,
alongside information criteria, confirm that Model 2 provides a better fit, consistent with the reductions
in residual variance noted earlier.

Table 2. Two - and three - level random intercept and slope models (Model 1 and Model 2)

Model 1 Model 2
Fixed effect
Estimate Pr(>|t]) Estimate Pr(>|t])
Intercept 16.56 5.09e-15 *** 16.50 3.59e-14 ***
year -0.09 0.43 -0.05 0.58
Random effects
Variance Standard Deviation Variance Standard Deviation
geo: country - - 43.38 6.51
year - - 0.28 0.53
country 16.19 4.02 12.83 3.58
year 0.01 0.07 0.14 0.37
Residual 37.58 6.13 295 1.72

Note: *** ** and * denote significance at 0.1%, 1% and 5% levels, respectively
Source: compiled by authors.

Table 3. ANOVA comparison of model 1 and model 2

AIC BIC Chisq Df Pr(>Chisq)
Model 1 8131.7 8162.4
Model 2 6140.1 6186.3 1997.5 3 < 2.2e-16 ***

Note: *** ** and * denote significance at 0.1%, 1% and 5% levels, respectively
Source: compiled by authors.

To better understand changes in poverty risk levels, we introduce an additional model incorporating
an interaction between the time variable and the initial 2019 poverty risk level. In this setup, a negative
coefficient suggests that regions with higher initial poverty risk experience smaller increases over time,
indicating convergence. Conversely, a positive coefficient would imply larger increases in already high-
risk regions, suggesting divergence. This approach allows us to determine whether regions have become
more homogeneous in poverty risk or if disparities have widened. Table 4 presents the results of Model
3. As shown, the coefficient for the interaction term is negative (-0.04) and significant, confirming that
regions starting with higher poverty risk are catching up with lower-risk regions over time. These find-
ings align with similar regional convergence patterns noted by Cartone et al. (2024) in their analysis of
poverty and social exclusion across European regions.
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Table 4. Two-level random intercept model with interaction between time and initial level (Model 3)

Model 3
Fixed effect
Estimate Pr(>|t])
Intercept -0.21 0.51
year 0.55 8.54e-05%**
initial poverty risk 1.02 < 2e-16***
year*initial poverty risk -0.04 4.77e-07***
Random effects
Variance Standard Deviation
geo: country 0.00 0.07
year 0.30 0.54
Residual 3.02 1.74

Note: *** ** and * denote significance at 0.1%, 1% and 5% levels, respectively
Source: compiled by authors.

3. Robustness check

To assess the robustness of the results, we employ the AROPE indicator and analyse the same models
as in the previous step. First, we observe that the trend in the AROPE indicator over time is negative
(-0.22), and in the case of the second model (-0.23), statistically significant. Second, there is considerable
cross-country variation (74.56) in the level of the AROPE indicator. Third, the variability of the AROPE
trend is greater at the regional level (0.52) than at the national level (0.16). Fourth, the ANOVA test (Ta-
ble 6) indicates that the second model (Model 2a) provides a better fit than the first model (Model 1a).
Finally, we can observe similar regional convergence patterns (-0.04) in AROPE indicator levels (see Ta-
ble 7). Overall, the robustness check confirms that these findings are consistent with the earlier results
obtained for the risk of poverty rate.

Table 5. Two and three level random intercept and slope models (Model 1a and Model 2a)

Model 1a Model 2a
Fixed effect
Estimate Pr(>|t|) Estimate Pr(>|t])
Intercept 22.53 2.51e-11*** 22.58 3.49e-11***
year -0.22 0.13 -0.23 0.05*
Random effects
Variance Standard Deviation Variance Standard Deviation
geo: country - - 52.94 7.28
year - - 0.52 0.72
country 74.56 8.63 66.08 8.13
year 0.14 0.37 0.16 0.40
Residual 47.35 6.88 3.55 1.88

Note: *** ** and * denote significance at 0.1%, 1% and 5% levels, respectively
Source: compiled by authors.

Table 6. ANOVA comparison of Model 1a and Model 2a

AIC BIC Chisq Df Pr(>Chisq)
Model 1a 8417.8 8448.5
Model 2a 6428.5 6474.6 1995.2 3 <2.2e-16 ***

Note: *** ** and * denote significance at 0.1%, 1% and 5% levels, respectively
Source: compiled by authors.
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Table 7. Two-level random intercept model with interaction between time and initial level (Model 3a)

Model 3a
Fixed effect
Estimate Pr(>|t])
Intercept -0.52 0.18
year 0.72 4.39e-05%**
initial poverty risk 1.04 < 2e-16%**
year*initial poverty risk -0.04 4.74e-09%**
Random effects
Variance Standard Deviation
geo: country 0.61 0.78
year 0.48 0.70
Residual 3.80 1.95

Note: *** ** and * denote significance at 0.1%, 1% and 5% levels, respectively
Source: compiled by authors.

4. Conclusion

This study examines trends in the risk of poverty rate and AROPE indicator in NUTS2 regions across
24 European countries from 2019 to 2024. Using hierarchical models, we assess whether changes in
poverty risk are primarily driven by country-level or region-specific factors and investigate whether
regional convergence in the risk of poverty rate has taken place despite the recent crises. The analysis
reveals several important findings. First, the research demonstrates that shocks such as the pandemic
and the war in Ukraine had highly asymmetric effects: while France, Germany, Belgium, and Croatia
recorded notable increases in poverty risk, several countries including Portugal, Romania, Switzerland,
and Albania observed improvements. Second, hierarchical models reveal significant disparities both be-
tween and within countries, underlining the importance of regional factors in shaping poverty outcomes.
Third, analysis confirms the presence of convergence, as regions with initially higher poverty risk are
catching up to their lower-risk counterparts. This suggests that national policies may have contributed to
overall reductions in poverty risk, even amid disruptions in energy supply and rising energy costs. These
findings highlight the need for further research on how region-specific interventions, particularly in the
face of volatile energy markets, can enhance economic resilience across diverse local contexts.

Acknowledgements: The authors gratefully acknowledge financial support from the National Science
Centre in Poland (Grant No. 2021/43/B/HS4/01862).
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Figure 1A. The distribution of changes in AROPE indicator between 2019-2024
Source: compiled by authors.
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Figure 2A. The distribution of changes in AROPE indicator between 2021-2024
Source: compiled by authors.
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