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The study offers first evidence on the persistence of energy poverty (EP) in 26 European
countries. We examine the interaction between EP and subjective poverty in the long run.
We apply the Markov process and clustering techniques to micro-level longitudinal data
from the EU Survey on Income and Living Conditions. The results show that, on average,
poverty makes it about two times harder to escape EP. We identify three groups of
countries having similar transition probability paths.

1. Introduction

An adequate level of essential energy services is crucial
for living a dignified life (Energy Poverty Observatory,
2020). The shortage of energy services is defined as energy
poverty (EP). It is commonly accepted that EP is distinct
from income poverty, but the link between the two condi-
tions is complex. In comparative micro-level studies, inter
alia, income poverty is considered an important factor of
EP analysis (Karpinska & Smiech, 2020; Thomson & Snell,
2013). For example, poor housing triggers health effects,
which are consequences of both poverty and EP. In this
study, we answer two research questions previously unad-
dressed:

1. How persistent is EP across European countries' and
what are the chances of the poor escaping EP?

2. How similar are European countries in terms of EP,
poverty and severe poverty (SP) persistence?

These research questions are important because EP dy-
namics are an understudied subject for European countries.
Most of the comparative studies focus on estimating the
rate of EP and end up ignoring the underlying dynamics of
the issue. Moreover, analysis of EP persistence is dominated
by single-country approaches and is limited to a few coun-
tries, such as France, the UK, and Spain (Chaton & Lacroix,
2018; Phimister et al., 2015; Roberts et al., 2015).

Our approach to the analysis is as follows. We choose
subjective measures of EP and poverty, i.e. the ability to
keep home warm and the ability to make ends meet re-
spectively, to examine EP persistence in 26 European coun-
tries. Our examination is based on the recent four waves
(2015-2018) of longitudinal microdata from the EU Survey
on Income and Living Conditions (SILC). Subjective EP in-
dicator is recommended by the EU Commission (Energy
Poverty Observatory, 2020) and is frequently used in micro-
level cross-country comparisons (Dubois & Meier, 2016;
Thomson & Snell, 2013). The subjective poverty measure
captures perceptions of living standards in each country

(Buttler, 2013), overcoming the limitations of income-based
measures and providing a broader picture of poverty. The
main assumption is related to discrete state space discrete-
time Markov chains (DTMC), i.e. time- and statistical units’
homogeneousness.

We find that EP is a less stable state than poverty, and
poverty makes it about two times harder to escape EP. We
contribute to the literature on EP persistence by being the
first to (a) conduct a comparative analysis on EP persistence
in Europe, and (b) examine the dynamic interactions be-
tween EP and poverty.

The rest of the study is organized as follows. In the next
section, we present data and methodology. In section 3, re-
sults are discussed. The last section concludes with policy
implications.

2. Data and methodology

The study draws on the EU-SILC micro-level longitudinal
data compiled by Eurostat yearly. The dataset is adminis-
tered across the vast majority of the EU countries as well as
some non-EU countries and is primarily focused on pover-
ty issues. The study is conducted for 26 European countries;
see country list in Footnote 1. We use household data from
the latest EU-SILC release spanning the years 2015 to 2018.
Household panels are made balanced. Sample size varies
from 2,596 (Ireland) to 21,456 (Greece) households.

The ability to keep home warm (HHO050) is used to mea-
sure EP and the ability to make ends meet (HS120) is used
to measure poverty. Respondents can answer ‘yes’ or ‘no’
to the first question: “can your household afford to keep
its home adequately warm?”. Respondents choose scores on
a scale of 1 - ‘with great difficulty’ to 6 — ‘very easily’ to
the second question: “thinking of your household’s total in-
come, is your household able to make ends meet (that is, to
pay for its usual necessary expenses?”). In addition, house-
holds responding 1 or 2 to the second question are classified
as poor.

The descriptive statistics are presented in Table 1. In the

1 Austria, Belgium, Bulgaria, Croatia, Cyprus, Czechia, Dania, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia,
Lithuania, Malta, the Netherlands, Norway, Poland, Romania, Slovenia, Spain, Sweden, and Switzerland.
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Table 1. Summary statistics — the share of energy poor and poor households in total number of

households
Variable/ year Median Minimum Maximum SD
2015 2018 2015 2018 2015 2018 2015 2018
Energy poverty 6.33 496 0.12 0.37 41.22 40.3 10.64 9.94
Poverty 24.29 19.77 249 1.99 71.55 73.55 19.45 18.69

This table provides statistics for variables HHO50 (ability to keep home warm) - a measure of energy poverty— and HS120 (ability to make ends meet ) — a measure of poverty. The me-
dian, minimum, and maximum values are presented in percentage. SD is a standard deviation. Data are obtained from the EU-SILC panel data, waves 2015-2018. The total sample size

is 46,346 households.

observed period (2015-2018), the scale of EP in Europe is
significantly lower than the scale of poverty. The greatest
difference is noted concerning minimum values: poverty
is 20 times higher than EP. Statistics show a significant
amount of variation in EP and poverty rates.

Following the research questions defined in the intro-
duction, we conduct the analysis in two steps. First, we use
a Markov process to assess EP and poverty mobility as well
as the presence of any absorbing states, i.e. the state, where
the retention rate is 100%. Second, we perform hierarchical
clustering (HC) to identify countries with similar transition
patterns and address the problem of EP and poverty persis-
tence from a policy-making perspective.

Markov chain models, including their mover-stayer ex-
tension, are widely applied in studying social dynamics
(Cappellari & Jenkins, 2004). We propose a first-order
DTMC to build a multi-state stochastic model, where
households move across four states S = {S; = severely poor,
S, = energy poor, Sz = poor, S, = non-poor}. S; corresponds
to the presence of EP and poverty, S, signifies an absence of
EP and poverty, and the rest is either EP or poverty. In the
DTMC process {X,}, the probability of transitions in and out
of initial states (i, j) is independent of time (» > 0) and is de-
scribed as follows:

P(X; =jlXo=1) = P )]

We consider the one-step transition probability matrix with
rows summing to one:

P11 P12 P13 P4

P= P21 P22 P23 P24 (2)
P31 P32 P33 D34
P41 P42 D43 P44

After obtaining the respective matrices for 26 countries,
we explore the geographical distribution of mobility paths
by performing HC. Based on Ward’s method of minimizing
within-cluster variance, we identify groups of countries
with similar transition probabilities. The HC function al-
lows assessing the relationship between objects on a bot-
tom-up basis. Accounting for clustering results, we further
analyze retention rates in three deprivation states, such as
EP, poverty, and SP in Europe.

The analysis is performed in the R statistical software
using the Markov chain package developed by Spedicato &
Signorelli (2014) and the HC algorithm available in the clus-
ter library.

3. Results and discussion

In the first step of the analysis, we compute transition
matrices by applying DTMC. In one-step transition proba-
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Figure 1: One-step transition probability plot based on
mean values, Europe
This figure shows the transition probability diagram on a scale of zero to one,

calculated based on the DTMC procedure. The average values of individual tran-
sition probability matrices for 26 countries are reported.

bility analysis, we identify no absorbing states in either of
the 26 countries. It follows that neither EP nor poverty con-
stitute a trap. Maximum and minimum escape rates are re-
ported for Norway and Bulgaria, respectively. The chances
of escaping EP by moving to a non-poverty state are from
100% to 7.1%. Compared to EP, the probability of making a
transition from poverty to non-poverty states is lower and
varies from 4.5% to 63.3%. SP has the lowest escape rate, in
the 5.9% and 50% range.

On average, the estimated retention rate in Europe is
53% for poverty, 43% for SP, and 22% for EP (Figure 1).
Poverty exhibits the greatest persistence. The average esti-
mates for Europe show that it is roughly two times harder
for the poor to escape EP. An important implication in this
regard is that poverty is the major obstacle to recovery from
EP. A transition from EP to non-poverty is the most intense
(at 57%), meaning that EP is not a stable state and more
than half of all households have a chance of escaping EP
over the four years of data we have.

In the second step of the analysis, we conduct HC to ex-
amine the most common transition probability patterns in
Europe and identify similar groups of countries. Three dis-
tinct groups are identified from the HC algorithm (Figure 2).

The first group (Austria, Switzerland, Estonia, Finland,
Norway, and Sweden) is characterized by low retention rates
in all states. On average, the chances of staying in the non-
poverty state in this group is 95.5%. Mobility within EP,
poverty and SP is limited compared to other groups. The on-
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Figure 2: Hierarchical clustering based on transition matrices

This figure plots hierarchical clustering results calculated based on transition probability matrices for 26 countries. The Ward’s criterion is applied.

ly exception is the transition from SP to poverty that fluc-
tuates widely between zero and 66.7%. Group one seems to
be less affected by the vicious cycle of deprivation. In this
group, the chances of the poor remaining in EP are almost
three times higher than the chances of non-poor families.

The second group has the most number of countries (Bel-
gium, Cyprus, Czechia, Denmark, Germany, Spain, France,
Croatia, Hungary, Ireland, Italy, Latvia, Malta, the Nether-
lands, Poland, and Slovenia). Transition rates for this group
reflect the average European results. Poor households in
this group have twice as high a probability of staying in EP
as other families. There are outliers at the upper boundary
when it comes to migrating from SP to EP, namely Denmark
(20%) and Germany (17%). The overall tendency, however,
is that from SP families transit to poverty (33.6%) or stay
in SP (40.5%). What distinguishes this group is a relatively
high transition from EP to poverty (14.4%).

By contrast, in group three (Bulgaria, Greece, Lithuania,
and Romania) EP, poverty and SP are more persistent. This
observation is consistent with studies pointing at some
Southern and Eastern European countries being more af-
fected by EP (Bouzarovski & Tirado-Herrero, 2017). Looking
at the distribution of retention rates, the minimum reten-
tion rate here is much higher than the maximum values in
other groups. The average transition from EP is made most-
ly in the non-poverty (at 18.1%) and SP (at 13.5%) direc-
tions. The retention rate of EP (61.4%) is lower than that
of SP (75.9%), indicating some role of poverty in escaping
EP. In this group, a high average poverty persistence (77.8%)
and the poverty scale (51.6%) should be accounted for in
discussing the probability of the poor escaping EP.

Figure 3 presents the three-dimensional distribution of
persistence rates across Europe. Countries from the third
group struggle with EP, poverty and SP the most. A difficult
situation is in Bulgaria that experiences high EP (86%), SP
(96.1%) and poverty (93%) persistence. The plot illustrates
the lack of cohesion especially among countries of the third
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group and the rest of Europe, which is a good indicator
of policy drawbacks. Although neither of the predicaments
constitutes a trap, extremely high retention rates suggest
difficult movement out of EP, SP or poverty.

4. Conclusions and policy implications

Based on the one-step transition probability matrices,
we find three distinct groups of countries. The first group,
i.e. Austria, Switzerland, Estonia, Finland, Norway, and
Sweden has high mobility between states and low EP, pover-
ty and SP persistence. The second group (Belgium, Croatia,
Cyprus, Czechia, Dania, France, Germany, Hungary, Ireland,
Italy, Latvia, Malta, the Netherlands, Norway, Poland,
Slovenia, and Spain) demonstrates close to average Euro-
pean results. Our average estimates for Europe show that
the most persistent is poverty (at 53%), SP is a slightly less
stable state (at 43%), whereas EP itself is the easiest sit-
uation to exit. In Europe, poverty makes it roughly twice
as hard to escape EP. The third group (Bulgaria, Greece,
Lithuania and Romania) faces great challenges due to ex-
ceptionally high retention rates in all states. Even though
we do not identify absorbing states, the situation is close to
a trap.

We consider two levels of policy implications. Firstly, un-
even distribution of EP, SP and poverty persistence among
countries points to a lack of regional cohesion within Eu-
rope. The striking difference between the third cluster and
the rest of Europe calls for strengthening specifically tai-
lored social policies and fostering territorial connectivity of
the EU with the countries from the third group, where mo-
bility across states is very low. Secondly, since EP is more
persistent in a group of poor households, close attention of
national policy-makers should be drawn to a severely poor
group of population. Poverty reduction tools effective in in-
dividual countries can effectively contribute to EP allevia-
tion.
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Figure 3: Three-dimensional plot of energy poverty, poverty, severe poverty persistence in Europe

This figure plots the energy poverty, poverty and severe poverty persistence rates for 26 countries obtained from the DTMC process on a scale of zero to one.
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