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Abstract: This article examines the multidimensional problem of energy poverty, focusing on its
connections to climate change and its manifestation at rural and urban scales across selected European
countries and Israel. The study examined 31 locations in eight countries with diverse geographical
and economic backgrounds: Bosnia and Herzegovina, Greece, North Macedonia, The Netherlands,
Portugal, Spain, Slovakia, and Israel. The article aims to understand how winter energy vulnerability
in rural and urban locations in these countries could be identified using selected energy poverty
indicators and how it evolves under the influence of climate change. A set of sociodemographic,
infrastructural, and economic variables, combined with climate analysis, were selected and assessed
for their impact on energy poverty. We found that energy poverty in most countries depends signifi-
cantly on location and regional development. Due to a combination of factors influencing energy
poverty, rural households tend to be more vulnerable. Furthermore, climate change consequences
will likely leave rural areas more likely to experience energy poverty in the future.

Keywords: winter energy poverty; rural–urban divide; buildings; socioeconomic factors; impacts of
climate change
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1. Introduction

The provision of adequate levels of energy services such as space heating and cooling
continues to be a concern in Europe, as the inability to supply these essential services
(i.e., energy poverty (EP)) remains a complex problem to solve. In 2021, according to
the EU-SILC survey, 6.9% of the EU population—about 30 million people—could not
afford to maintain a comfortable temperature in their homes in the winter [1]. Moreover,
in 2020, 14.8% of EU citizens lived in deteriorating dwellings [2]. EP is a complex and
multidisciplinary issue contributing to aggravating health problems and has other adverse
social, economic, and political impacts on affected populations [3]. While climate change
exacerbates the thermal discomfort in summer, winter EP, whose proxy is the inability
to keep comfortably warm in winter, remains a severe issue, evidenced by high excess
mortality [4].

EP is distributed and experienced differently at different times of the year and geo-
graphic locations due to the uneven geographies in Europe [5]. In addition to the differ-
ences observed between countries regarding the share of EP, spatial variations within each
country matter, as there is considerable variation in the expression, manifestations, and
magnitude of EP including the location in rural and urban settings [6,7], often highlighting
rural areas as one aspect of vulnerability to EP in the EU [1,8,9]. As rural Europe faces
considerable economic and demographic transformation, with regions developing along
different paths [10,11], it has become increasingly important to investigate this serious
social challenge across these two distinct settlement types. On top of that, climate change
poses a danger to increasing these spatial discrepancies regarding vulnerability to EP,
potentially widening the rural–urban divide.

Tackling EP is not a simple endeavour since it is a multidimensional problem caused
by the combination of primarily three main factors—low income, high energy prices, and
low household energy efficiency [12,13]. When unpacking these three leading causes, a
variety of other factors emerge as relevant contributors to shaping vulnerability to EP
such as climate, energy needs, energy use, building characteristics, tenure status, type
of space heating and cooling equipment, and socioeconomic aspects such as age, gender,
unemployment, or educational level [13,14]. Analysing complementary indicators at the
regional level and accounting for the spatial differences within different countries would
provide more nuanced insights on EP, allowing for policies to consider specific locations
and area-based targeting when addressing the problem [14]. Following the understanding
that EP is a spatial phenomenon determined by housing and the sociodemographic features
of households, it is essential to explore these as determinants of EP, which are relevant for
the current state of EP [5,15,16] as well as its future manifestations.

This article aims to understand the factors determining the rural–urban divide in
experiencing EP vulnerability and discuss how climate change could further exacerbate this
divide in winter in order to support the better targeting of measures to eradicate EP. The
geographical scope includes 31 rural or urban locations in eight countries (Portugal, Spain,
Slovakia, Greece, North Macedonia, The Netherlands, Bosnia and Herzegovina, and Israel)
with different EP levels, presenting a diverse set of socioeconomic contexts, geographies,
and climate zones. The case selection was inspired by previous studies that claim that
countries on the geographical periphery of Europe, such as Mediterranean countries (Spain,
Greece, and Portugal) and Central-Eastern Europe (Slovakia, North Macedonia, and Bosnia
and Herzegovina), are more affected by energy poverty [8]. To represent the geographical
core of Europe, we included The Netherlands, where the shares of energy poverty are lower,
but energy poverty is experienced among the most vulnerable populations [17]. Israel is
not exempt from energy poverty, as it also affects already vulnerable populations [18]. The
diversity of households experiencing energy poverty presented through these countries
aims to serve as a starting point for this baseline study to explore the links between energy
poverty, climate change, and rural–urban locations. We analyse and discuss how different
EP determinants impact winter energy vulnerability in rural and urban locations in selected
countries and how it can evolve in the face of climate change. Our starting point was
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the selection of EP indicators representing the main drivers of EP on the socioeconomic,
infrastructural, and technical dimensions. Furthermore, we used climate data to model the
heating degree-days variation by 2050 to discuss the impact of climate change on winter
energy vulnerability across rural and urban locations between 2020 and 2050. The choice
to include this issue is largely justified by the literature (e.g., the last IPCC report, which
related climate change to the vulnerabilities of people and territories [19]) and the lack of
research on this topic.

The rest of this paper is organised as follows. Section 2 presents the literature review,
where we focus on the rural and urban diversity in energy use and the impacts of climate
change. Section 3 describes the methodology, while Sections 4 and 5 present the results and
discussion, respectively. Section 6 presents our conclusions.

2. Literature Review

Through the literature review, we justified using specific climate, sociodemographic,
and technological variables as EP determinants to study the prevalence of EP in rural and
urban areas and estimate the impact of climate change on winter EP.

2.1. Factors Contributing to Energy Poverty

EP can be measured through various approaches [20,21] because there is no definite
standard. The indirect or alternative indicators do not quantify this problem directly, but
provide a representation of the factors or drivers that impact EP that must be used [22].
These indicators can be of various natures such as environmental, sociodemographic,
economic, infrastructural, and policy, to provide a few examples. We approached the
problem through EP determinants used as a proxy for indicators of EP, which were drawn
from the housing and sociodemographic features of households. Additionally, we used
climate indicators to explore how EP will develop in the future. Thus, we reviewed the key
EP indicators that we used as EP determinants.

Inadequate housing is a key indicator of EP. While developing multidimensional
approaches, some authors also consider building stock characteristics as determinants of
energy vulnerabilities such as age, type of building, areas, and thermal transmittance of
the envelope, spatial heating and cooling equipment, ownership, and building energy
performance. Historically, climate conditions have influenced the buildings’ characteristics
and materials used for constructing the buildings [23]. The energy efficiency of buildings
positively correlates with higher indoor temperatures and improved thermal sensations [24].
Improving the energy performance of the building envelope translates into lower energy
needs for spatial heating and improved indoor air quality and thermal comfort [25–27]. On
the other hand, active measures such as replacing old boilers with more efficient systems
(e.g., heat pumps [28]) could also accelerate a reduction in heat consumption. However,
this reduction in energy needs might not translate into a decrease in energy consumption
and energy costs due to energy performance gaps [29] and high energy prices [28].

The sociodemographic features of households affect their vulnerability to the cold,
their understanding of energy usage at home, and their ability to reduce energy consump-
tion. Sociocultural factors also influence the perceptions of thermal comfort and practices
of coping with the cold [30]. Households with higher education levels are more prone to
invest in energy efficiency [31], whereas elderly populations are more vulnerable to EP [32].
Several authors such as [33–35] have used socioeconomic and demographic indicators to
describe EP, and some of the most common include population age groups; education level;
income levels; gender; unemployment rates; excess mortality rates; social support services
subscription; disabilities; tenure; social housing; and unconventional dwellings.

2.2. Impacts of Climate Change on Energy Poverty

Climate change effects are bound to influence EP vulnerability across the globe. Cli-
mate indicators have been prominent variables in EP assessment studies. Multidimensional
approaches such as the ones put forth for Greece [36], Italy [37], and Portugal [38] use
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degree-days and outside temperature data to assess space heating for indoor thermal
comfort. Sanchez-Guevara, C., et al. [39] used air temperature data to calculate the cooling-
degree days to evaluate the urban heat island effect and its connection to energy vulner-
ability in Madrid and London. Other authors, whose works were published in [16,40],
developed an area-based analysis using heating degree-days to estimate a heating burden
for Northern Ireland and the German city of Oberhausen. These approaches also consid-
ered the energy costs to evaluate EP. Conversely, Pérez-Fargallo, et al. [41] used a weather
data forecast to develop an index to assess the potential fuel poverty risk of social housing
households.

However, the literature on the impacts of climate change on EP is still scarce [42].
While some studies have found a link between climate change and energy demand [43,44],
pointing out a general decrease in heating demand and increased space cooling needs in the
residential sector [25,45–47], other studies have also found a nonlinear relationship between
temperature and electricity demand [48,49]. This is the case of Portugal, for example, where
high levels of EP translate into the social practices of avoiding the use of heating and
cooling systems in order to keep the energy bills as low as possible [30].

Aside from global warming, climate change also increases the frequency of extreme
weather events such as cold spells, heat waves, or storms. These events will severely
affect the overall population, particularly the most vulnerable households, thus potentially
causing acute energy insecurity related to power outages [42]. According to Costa-Campi
et al. [50], extremely cold weather conditions significantly affect energy vulnerability more
than extremely hot conditions. Other studies indicate that winter EP would become worse,
especially in developing countries that would be more affected by extreme weather [51,52].

Location and climate zone contribute to shaping EP prevalence, as some regions are
more vulnerable to weather changes and are more exposed to climate change. In Europe,
the most substantial warming of extremely hot days is projected to occur in central and
southern Europe [53].

2.3. Spatial Dimensions of Energy Poverty

EP varies geographically. Several authors have used multidimensional indices combin-
ing various sociodemographic, housing, climate, and other variables to identify locations
more vulnerable to EP within a certain country or region [30,38,40,54,55].

At the core of these spatial variations, a divide between different geographical locations
including urban and rural contexts within countries arises [9,15,56,57]. The EU population
of 447 million inhabitants is distributed among different areas and settlement types: 39.3%
of the population lives in cities, 31.6% in towns and suburbs, and 29.1% in rural areas [58].
Bouzarovski and Thomson [59] point out that low-income urban areas and marginalised
rural areas are the most energy-vulnerable in the European context. Rural areas are also
prone to higher energy costs due to their location, influencing the size and type of the
dwelling and the heating system [30,38,60], causing the probability of being in EP to be
twice as that for urban area households [61]. In fact, rural homes tend to more often be
detached houses, with a bigger size, volume, and lack thermal insulation [62,63], with house
renovation being less affordable to its residents [64]. Urban and rural households differ in
energy use, and urban households tend to have a higher actual energy consumption [65].
On the other hand, Thomson and Snell [15] found a higher probability of being unable to
adequately heat a house in rural locations compared to urban locations. Several studies
have found that rural settings often lack access to heating infrastructure such as natural gas,
which can imply higher costs arising by using other fuels, depending on the household
context [66,67] as well as a lower security of electricity supply due to less developed
infrastructure [64]. Simcock et al. [68] also highlighted that in rural areas, the availability
and access to goods and services are generally poorer, potentially requiring added costs
in transportation, whereas housing and service costs tend to be higher in urban settings,
tenancy relations often being a barrier to implementing mitigating measures. Scholars have
found that rural areas generally have the greatest likelihood of transport and EP overlap,
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whilst highlighting that vulnerability might not be homogenous within urban and rural
territories [68]. On the other hand, from a climate perspective, urban areas are more prone
to being affected by the heat island effect [35], increasing energy needs and posing added
difficulties for households to maintain comfortable temperatures.

There is a higher risk of EP in rural settlements, although this can vary depending
on the context, as, for instance, disadvantaged groups tend to concentrate in inner-urban
areas [68]. The complex and varied combination of factors and drivers shaping EP amongst
these two territorial areas calls for a deeper look into analysing EP manifestation in rural
and urban contexts.

3. Methodology

This section justifies the selection of rural and urban case studies and describes the
selected EP proxy indicators, data collection, and analysis process. We investigated the
landscapes that led to winter energy vulnerability in rural and urban locations across
eight diverse countries: Bosnia and Herzegovina, Greece, Israel, North Macedonia, The
Netherlands, Portugal, Slovakia, and Spain. These countries present distinct levels of EP
(based on the EEPI index [69]: Slovakia and Portugal belong to the energy poorest, and
The Netherlands to the ones that are least exposed to EP) and different expressions of
its drivers, covering a wide geographical spread and climate variability (Southern and
Central European countries are expected to have the most significant climate change
in the upcoming decades). We included EU and non-EU countries with varying living
standards and other sociodemographic, economic, and infrastructural characteristics that
are relevant for investigating EP. Within these countries, we focused on the territorial
typology (rural and urban) as it constitutes an impactful factor in shaping EP vulnerability.
Two rural and two urban case studies were selected and analysed for each country, aiming
to capture the existing climatic and geographic diversity and different EP configurations
while considering the weather stations’ location (including opposite climatic zones within
each country) and climate data availability. Regarding the EP configurations, the selection
of locations also took into account the regional socioeconomic differences within each
country (e.g., in the case of Spain, two locations were selected from the northern region
and the other two from a southern region, thus considering the economic divide between
the north and south of this country).

The rural/urban classification was defined according to the European Union regu-
lation’s Degree of Urbanisation classification [70]. The urban locations were contiguous
grid cells of 1 km2 with a density of at least 300 inhabitants per km2 and a minimum
population of 5000 inhabitants. Rural locations were grid cells outside of these urban
clusters. For the non-EU countries (North Macedonia, Bosnia and Herzegovina, and Israel),
national classifications set in their respective regulations defined the urban and rural areas.
For Israel, urban areas have more than 2000 inhabitants per 1 km2 [71]. In Bosnia and
Herzegovina, where population density is low, urban and semi-urban locations have more
than 100 people per 1 km2 [72]. In North Macedonia, the rural–urban division follows the
national legislation, which lists specific areas that should be considered rural [73].

Our study used area-based alternative indicators to investigate potential vulnerability,
enabling a multidimensional approach for analysing the different aspects of the problem
instead of focusing only on the economic income–expenditure aspect. To conduct a de-
scriptive analysis of vulnerability to winter EP across the locations, we selected a variety of
indicators, capturing EP drivers that portray multiple dimensions of the problem [13,74]
such as housing and building energy performance and efficiency, climate, and socioe-
conomic characteristics of the population. We relied on publicly available data sources,
Eurostat and national statistics, to gather data to identify the selected EP indicators (Table 1)
detailed in their limitations and relevance in [75]. The indicators used as EP proxies and
presented in Table 1 were inspired by the energy poverty literature such as those claiming
that income, unemployment, presence of elderly, education level, housing tenure, age
of dwellings, and fuelwood users can be factors in experiencing energy poverty [76–80].
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Subsequently, aiming to assess how climate change can impact EP vulnerability, outside av-
erage temperature data, representative of standard years, were collected from the database
Meteonorm for the weather stations in the analysed locations. Indeed, the initial selection
of localities was conditioned on the climate data availability and subsequently made to
include different climate zones in each country. We calculated and compared heating
degree-days (HDDs) in the current situation and for 2050 for all of the selected areas using
a fixed thermal comfort temperature threshold with the A2 scenario of the Special Report
on Emission Scenarios (SRES) [81].

Table 1. Selected energy poverty proxy indicators.

Features Relevant to EP
and Climate Change EP Indicators Description and Justification

Sociodemographic

Unemployment rate

(%)—The share of unemployed persons as a percentage of the labour force.
When unemployed, households face financial limitations in their ability to

afford energy, which can also impact mental well-being and ability to invest in
home improvement [13].

Average income per household
(Net per month in EUR)—Available income after income taxes and social

contributions. It influences the ability of households to afford adequate levels of
energy consumption and invest in energy efficiency measures [13].

Share of elderly population and
children

(%)—Number of people older than 65 years (in Greece 60 years) and younger
than five years (in Greece 9 years) to the whole population. The elderly and

children are more vulnerable to EP due to higher levels of dependency, while a
low share of children reflects population ageing, implying future vulnerability

[38,80].

Share of inhabitants with a
university degree

(%)—Number of people with tertiary education to the whole population. It is
used as a proxy for the population’s awareness and ability to react to thermal

discomfort and search for solutions due to their higher education and
knowledge. More educated people live in more energy-efficient dwellings [82].

Housing

Share of population living in an
owner-occupied dwelling

(%)—Proportion of households occupied by homeowners [83]. Dwellers who
own the place where they live have a higher ability to implement energy

efficiency measures, while renters are more limited in their actions and tend to
have poorer quality dwellings compared to other ones [84].

Social housing Social houses generally have poorer construction and are occupied by
lower-income households, hence being potentially more vulnerable to EP [34].

Dwellings with energy
performance certificates (EPC)

(%)—Proportion of buildings with EPC in the housing stock. High
energy-efficient buildings usually have lower energy requirements, which

translates to lower energy bills for their occupants [85].

Building stock age (the year of
construction)

Older building typologies tend to be more energy-intensive, needing energy
renovation and reconstruction to achieve energy performance standards defined

in the current legislation [24].

Type of heating equipment Along with its energy carrier, varying efficiency rates, and infrastructure, it
influences the cost of adequate heating, with impacts on air quality [86].

Climate zone Heating degree-days (HDDs)

A difference between the outside daily temperature (if lower than 15 ◦C) and the
value of 18 ◦C [81]. It is another factor also determining the amount of energy

necessary to obtain appropriate indoor temperature, and it is bound to increase
due to climate change [85]

Europe and its neighbouring countries display vast differences in demographics, cli-
mate, economy, and culture. This variability is shown through the selected indicators
portraying significant EP determinants and consequences (Appendix A, Table A1). In this
study, we covered populations from all across the economic wealth and purchasing power
spectrum—from Israel and The Netherlands, with average incomes significantly above
the EU average and GDP per capita, to Bosnia and Herzegovina and North Macedonia,
having the lowest values for both indicators in Europe [87]. Taking the EU-SILC, we also
focused on countries with different results on the EP proxy indicators—for instance, The
Netherlands reported low percentages across all selected ones, and Slovakia, Greece, and
Portugal recording worrying levels of reported inabilities to heat the home adequately
warm. Table A1 in Appendix A displays the results for the EU-SILC selected EP proxy
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indicators and the EEPI indicator [69] at the national scale. The selected countries represent
a range of proportions of people living in rural areas—from Israel (8.5%) and The Nether-
lands, with only 14.7% of inhabitants living in rural areas, to Bosnia and Herzegovina
(B&H), where most of the population lives in rural areas. A total of 31 locations were
analysed (Figure 1). A brief description of each country and the respective case-study
locations are provided in Appendix A and Table A2.
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Figure 1. Map of the selected country locations and their climate zones. Source: Authors’ elaboration.

4. Results
4.1. Urban–Rural Divide Informed by Sociodemographic Data

Lower-income households or groups associated with lower income such as those
with an unemployed member, having achieved a lower educational level, or retired or
disabled tend to be more vulnerable to EP. Although there is no clear-cut rural–urban divide
regarding their location, significant socioeconomic status and demography differences have
been observed in the selected countries (Table 2), and a greater proportion of the above-
mentioned vulnerable groups resides in rural areas.

Table 2. Sociodemographic data for the 31 regions assessed.

Location Urban/Rural Unemployment
Rate (%)

Average
Monthly

Income (€)
per

Household

Children
under 5

Years Old
(%)

Elderly
Population

65+ (%)

Population
with a

University
Degree (%)

Dwelling
Ownership—
Occupancy

(%)

Social
Housing

Dwellings
(%)

Sarajevo U 28.10% 576 6.00% 16.00% 13.10% n/a
Mostar U 34.60% 506.5 7.00% 18.00% 8.40% n/a
Brod R 38.50% 453 4.00% 17.00% 2.60% n/a 2.81%
Livno R 39.60% 431.05 5.00% 13.00% 7.30% n/a

Athens U 20.38% 1787 7.82% 24.47% 24.39% 56.72% n/a
Thessaloniki U 23.28% 1412 10.18% 22.52% 25.19% 62.68% n/a

Kyllini R 14.76% 1119 9.00% 28.13% 8.18% 81.53% n/a
Agiasma R 18.59% 1209 9.46% 28.84% 8.31% 82.88% n/a
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Table 2. Cont.

Location Urban/Rural Unemployment
Rate (%)

Average
Monthly

Income (€)
per

Household

Children
under 5

Years Old
(%)

Elderly
Population

65+ (%)

Population
with a

University
Degree (%)

Dwelling
Ownership—
Occupancy

(%)

Social
Housing

Dwellings
(%)

Jerusalem U 5.1% 2630 12.50% 9.00% 25–5% n/a n/a.
Beit Dagan U n/a n/a n/a n/a n/a n/a n/a

Gilat R n/a n/a n/a n/a n/a n/a n/a

Amsterdam U 4.20% 2408.33 5.30% 12.70% 45.80% 29.91% 40.97%
Tilburg U 4.00% 1966.67 4.70% 16.90% 29.10% 50.88% 33.05%

Groningen U 5.40% 1941.67 4.20% 14.70% 38.00% 41.75% 34.20%
Losser R 4.40% 2016.66 4.50% 25, 08% 22.70% 67.00% 25.00%

Skopje U 29.00% n/a n/a n/a n/a n/a n/a
Ohrid U 36.40% n/a n/a n/a n/a n/a n/a

Lazaropole R 30.70% n/a n/a n/a n/a n/a n/a
Kriva

Palanka R 44.00% n/a n/a n/a n/a n/a n/a

Lisbon U 5.60% 1579.20 4.40% 23.90% 26.80% 52.80% 2.10%
Porto U 8.30% 1336.97 3.60% 23.20% 22.30% 50.70% 13.80%

Bragança R 4.10% 951.2 2.10% 39.50% 5.90% 95.90% 1.90%
Évora R 4.40% 1078.10 4.20% 26.90% 6.30% 70.00% 3.50%

Bratislava U 4.50% 1348 7.70% 18.54% 27.20% 80.00% 1.00%
Poprad U (*) 7.08% (*) 888 5.76% 17.05% (*) 12.10% 91.00% 1.00%

Hokovce R (*) 6.82% (*) 895 5.53% 20.29% (*) 8.20% 99.00% 0.00%
Telgart R (*) 8.68% (*) 820 8.36% 13.52% (*) 9.97% 99.00% 0.00%

León U 18.34% 1112.80 3.75% 23.38% 22.42% 74.85% 0.32%
Sevilla U 24.54% 703.4 5.36% 17.10% 22.26% 82.55% 0.29%
Morón R 24.16% 938.4 5.04% 16.71% 7.20% 87.76% 0.11%

Ponferrada R 21.80% 945.5 4.14% 19.98% 15.03% 81.76% 0.32%

Note: * Data available only on a regional level. Data sources: B&H: [56], Greece: [88–91], Israel: [92], The
Netherlands: [93] North Macedonia: [94], Portugal: [95], Slovakia: [96], Spain: [97].

The most common sociodemographic feature indicating vulnerability across countries
is income. A clear pattern is observable here—income is higher in urban areas and lower in
rural areas. This can be explained by urban areas having, in general, a higher living stan-
dard [98]. Similarly, the share of population with a university degree is also considerably
higher in urban locations than in rural contexts. This is caused by residents in rural areas
usually being employed in the agriculture sector, where university degrees for agricultural
workers are not common [88,90]. However, the unemployment rate does not show a clear
pattern. Southern countries (Greece and Portugal) report higher unemployment in urban
areas, with higher employment in rural areas in sectors such as agriculture and tourism.
Countries such as B&H and Slovakia show the opposite results, with higher unemployment
in rural areas. Unemployment can be high in urban locations, which can be more detri-
mental than rural unemployment, as urban residents usually face higher living costs [99].
At the same time, ethnic origin is relevant in urban areas of North Macedonia and in both
rural and urban locations in Israel. Therefore, for Israel, in particular, EP patterns should
be observed following the Arab or Jew ethnic lines as their household incomes significantly
differ, with the Jewish population being significantly wealthier [100]. Regarding the age
structure, there was no uniform pattern; this varied among the countries or geographical
regions. In countries like Spain, B&H, and Slovakia, the average rate of elderly people
in the general population is identical in urban and rural locations. In contrast, higher
percentages of people over 65 years can be found in rural locations in other countries like
Portugal, Greece, and The Netherlands. The proportion of children under five years is, on
average, very similar for the two territorial typologies for every country. Still, it must be
noted that this proportion is changing in some countries due to the depopulation of rural
areas, which is more prevalent for the younger generations [101]. Dwelling ownership is
generally higher in rural areas.
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Vulnerability does not follow a clear pattern and has different expressions within the
studied countries (Table 3). Nevertheless, the lower income and education levels in rural
localities might comprise a more complex picture of vulnerability, with several significant
EP determinants. Since data are generally scarcer in rural settings, hidden EP vulnerability
situations can be more challenging to detect and should also be considered [102].

Table 3. Energy poverty vulnerability based on sociodemographic data in rural and urban locations.

Location Sociodemographic characteristics that determine higher vulnerability
(unemployment, income, elderly, children, university degree).

Rural

Lower income (Spain, Portugal, B&H, Greece, North Macedonia,
Slovakia), higher unemployment (Israel, Slovakia, B&H), higher
share of elderly population (Portugal, Greece), lower education

(Spain, B&H, Greece, The Netherlands, Portugal, Slovakia), lower
availability of social housing (The Netherlands, Slovakia).

Urban

Higher unemployment (Greece, The Netherlands, North Macedonia,
Portugal), elderly (B&H), single-parent (B&H, Portugal),

single-person (North Macedonia), pensioners (North Macedonia),
lower dwelling ownership (Greece, The Netherlands, Portugal,

Slovakia).

4.2. Urban-Rural Divide Informed by Housing Data

A common characteristic indicating energy vulnerability is the use of solid fuels such as
fuelwood, due to their lower calorific value and a general indication of low efficient equipment.
This energy carrier is predominant in rural areas in Portugal, Slovakia, and in rural and urban
regions of North Macedonia (Figure 2). Fuelwood is often used as a result of poorly developed
infrastructure such as missing gas pipelines or central heating [103–105]. However, despite
being a cheap option for heating, fuelwood has spatial limitations, and unable to ensure
fully heated spaces [106]. In some regions, even trash is utilised as fuel, which is observed
in poor regions of Slovakia. The prevalence of solid fuels results in environmental harm,
which is connected with worsened air quality and health problems for the inhabitants.
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Regarding the building stock, the share of buildings per age of construction varied.
In rural areas (the only exception being Slovakia), there was a higher proportion of newer
buildings built after 1990 and 2000 compared to urban locations. In some countries such
as Spain and The Netherlands, the situation varied across the rural locations, possibly
being correlated with regional localisation rather than territorial type (Figures 3 and 4). In
Spain, the northern–southern ‘divide’ is more relevant, whereas the southern regions are
more energy vulnerable because there is a higher share of dwellings with a G rating (the
lowest energy efficiency), despite having a milder climate [111]. In The Netherlands, there
is well-developed social housing in urban and rural communities [93] that accommodates
people with lower incomes.
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Figure 3. Share of the building stock per age of construction in each rural location.

Energies 2024, 17, x FOR PEER REVIEW  12  of  25 
 

 

Regarding the building stock, the share of buildings per age of construction varied. 

In rural areas (the only exception being Slovakia), there was a higher proportion of newer 

buildings built after 1990 and 2000 compared to urban locations. In some countries such 

as Spain and The Netherlands,  the situation varied across  the  rural  locations, possibly 

being correlated with regional localisation rather than territorial type (Figures 3 and 4). In 

Spain, the northern–southern ‘divide’ is more relevant, whereas the southern regions are 

more energy vulnerable because there is a higher share of dwellings with a G rating (the 

lowest energy efficiency), despite having a milder climate [111]. In The Netherlands, there 

is well‐developed social housing in urban and rural communities [93] that accommodates 

people with lower incomes. 

Single‐family houses, the dwelling types with the highest heating needs, are often 

located  in rural areas. Dwellings with old appliances and  less  insulation are also often 

found in rural locations. However, Greece’s southern regions (either rural or urban) have 

a lower dwelling quality. 

 

Figure 3. Share of the building stock per age of construction in each rural location. 

 

Figure 4. Share of  the building stock per age of construction  in each urban  location. Sources  for 

Figures 3 and 4: Greece:  [90], The Netherlands:  [93], North Macedonia:  [103], Portugal:  [95], Slo‐

vakia: [96], Spain: [97]. Note: There were slight differences among reporting when comparing the 

countries. In B&H and The Netherlands, the buildings mentioned as those built until 1945 were built 

until 1940. The breaking points  in The Netherlands were 1945 and 1965. The buildings  in North 

Macedonia were reported  in two groups, with a breaking point  in 1991, thus buildings reported 

between 1981–1990 were actually reported as built before 1991. In Portugal, Spain, and Slovakia, 

data “after 2006“contain data for 2006–2011. 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Ponferrada

Telgárt

Évora

Kriva Palanka

Losser

Kyllini

till 1945 1945—1960 1961— 1980 1981—1990

1991—2000 2000—2005 after 2006 Unknown

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Seville

Poprad

Porto

Ohrid

Tilburg

Amsterdam

Athens

till 1945 1945—1960 1961—1980 1981—1990

1991—2000 2000—2005 after 2006 Unknown

Figure 4. Share of the building stock per age of construction in each urban location. Sources
for Figures 3 and 4: Greece: [90], The Netherlands: [93], North Macedonia: [103], Portugal: [95],
Slovakia: [96], Spain: [97]. Note: There were slight differences among reporting when comparing
the countries. In B&H and The Netherlands, the buildings mentioned as those built until 1945 were
built until 1940. The breaking points in The Netherlands were 1945 and 1965. The buildings in North
Macedonia were reported in two groups, with a breaking point in 1991, thus buildings reported
between 1981–1990 were actually reported as built before 1991. In Portugal, Spain, and Slovakia, data
“after 2006“contain data for 2006–2011.

Single-family houses, the dwelling types with the highest heating needs, are often
located in rural areas. Dwellings with old appliances and less insulation are also often
found in rural locations. However, Greece’s southern regions (either rural or urban) have a
lower dwelling quality.
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Based on the EU Directive 2002/91/EC and its 2018 revision on the energy efficiency of
buildings, EPCs are required for all retrofitted, newly built buildings or those for sale. The
Netherlands is the only country where all e buildings have an EPC. In the other researched
countries, there is a very high proportion of buildings without EPCs: 75–95% in rural areas,
with some locations without any EPCs issued (Hokovce and Telgárt in Slovakia). Some
countries in our analysis (B&H, Israel, North Macedonia) do not report EPC data. A low
ratio of highly EPC-rated buildings is directly connected with a low energy efficiency of
dwellings, supporting the idea that the building stock in rural locations has generally worse
energy performance (Table 4).

Table 4. Residential building stock energy performance by country and location.

Country Location
With EPC No

EPCs Source
A B C D E F G

Greece

Athens U 0.04% 1.40% 7.80% 13.47% 15.22% 24.69% 37.39% 49.21%

[112,113]
Thessaloniki U 0.05% 2.59% 13.04% 21.55% 20.26% 14.77% 27.73% 42.19%

Kyllini R 0.00% 0.70% 6.96% 12.99% 16.47% 15.78% 47.10% 95.69%
Agiasma R 0.20% 5.36% 10.27% 22.14% 16.73% 10.19% 35.11% 75.56%

The
Nether-
lands

Amsterdam U 23.67% 16.30% 24.15% 16.95% 9.63% 5.04% 4.24% 0.00%

[114]
Groningen U 24.63% 15.27% 29.41% 15.60% 7.79% 3.90% 3.40% 0.00%

Losser U 26.46% 17.20% 29.36% 12.25% 6.47% 3.88% 4.38% 0.00%
Tilburg R 30.09% 16.21% 25.26% 13.35% 8.22% 4.31% 2.55% 0.00%

Portugal

Lisbon U 10.53% 18.42% 28.95% 26.32% 13.16% 5.26% 0.00% 62.00%

[115]
Porto U 12.20% 29.27% 24.39% 19.51% 9.76% 4.88% 0.00% 59.00%

Bragança R 25.00% 25.00% 12.50% 12.50% 12.50% 12.50% 0.00% 84.00%
Évora R 5.00% 15.00% 20.00% 30.00% 20.00% 10.00% 0.00% 80.00%

Slovakia

Bratislava U 19.57% 36.96% 32.61% 8.70% 0.00% 0.00% 2.17% 99.54%

[116]
Poprad U 30.88% 26.47% 20.59% 11.76% 7.35% 0.00% 2.94% 98.64%

Hokovce R 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 100%
Telgart R 0.00% 0.99% 0.00% 0.00% 0.00% 0.00% 0.00% 99.01%

Spain

Leon U 1.11% 1.04% 4.44% 14.07% 55.72% 11.02% 12.61% 85.57%

[97,117]
Seville U 0.43% 1.71% 4.09% 10.36% 53.62% 9.76% 20.03% 76.54%
Morón R 0.43% 1.71% 4.09% 10.36% 53.62% 9.76% 20.03% 76.54%

Ponferrada R 1.11% 1.04% 4.44% 14.07% 55.72% 11.02% 12.61% 85.57%

Note: No EPC data were found for the Spanish localities, so the table shows the regional EPC shares as a proxy of
the local ones.

Energy vulnerable households tend to more often live in social housing, older build-
ings, poorly insulated, larger dwellings, those equipped with old and inefficient appliances
and heating technologies, not fully heated, and use oil and fuelwood (Table 5). Although
there was a high variability of characteristics across the locations, a higher number of
vulnerable features were located in rural areas. However, some of the housing features
linked with energy vulnerability could also be found in urban areas.

Table 5. Energy poverty vulnerability in rural and urban locations based on housing data.

Housing
Characteristics

Bosnia
and

Herze-
govina

Greece Israel
The

Nether-
lands

North
Macedo-

nia
Portugal Slovakia Spain

Prevalent use of
fuelwood R + U R R

Use of oil for heating R

Less efficient heating
and appliances R
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Table 5. Cont.

Housing
Characteristics

Bosnia
and

Herze-
govina

Greece Israel
The

Nether-
lands

North
Macedo-

nia
Portugal Slovakia Spain

Poorer dwelling
insulation R R

Reduced heated space
in dwellings R

Lower share of EPC R

Higher share of house
typology R R R R

Older buildings * R U U U R

Lower owner
occupancy U U U U U U

Higher amount of
social housing ** U U U

Note: * Age of the buildings need not indicate EP, only in combination with low energy efficiency. ** Social housing
can stabilise the situation of energy poor households and is not necessarily considered as a factor determining
vulnerability.

4.3. Climate Change Effects on Rural and Urban Energy Vulnerability

Figure 5 shows the variation in heating degree-days between 2020 and 2050, portraying
the effect of climate change on the temperature levels and energy demand. The calculated
future HDDs indicate that there can be an expected change in temperature and correspond-
ing heating demand until 2050 in a range between −2% and −40% at our selected locations
and a subsequent decrease in climate-related EP vulnerability in the winter. The mildest
change is expected in the locations in The Netherlands (−2.2% in HDDs in Amsterdam—a
coastal area). The most significant increase in winter temperature may occur in the southern
Mediterranean countries, with the following decrease in HDDs between 2020 and 2050:
−39.8% in Kyllini (rural Greece), −36.1% in Lisbon (urban Portugal), and −33.5% in Morón
(urban Spain). The greatest reduction in absolute values of heating need is expected in
Telgárt (rural Slovakia), where the HDDs will decrease by 14% (615 HDDs), whereas almost
no change is expected to occur in Bet-Dagan (37 HDDs decrease). The decrease is connected
to lower vulnerability, but it is relevant to mention that, on the other hand, these countries
have significant expected increases in cooling degree-days, with an increased summer
energy vulnerability of households [43].

In overview, it is anticipated that by 2050, there will be a decrease in HDDs in both the
selected urban and rural areas. However, the change is forecasted to be more considerable
in rural areas. On average, there is an expected decrease of 16.8% in rural areas and
a 13.7% decrease in urban areas. Nevertheless, the heating demand will still be higher
in rural regions, with an expected average level of HDDs of 1931 in rural locations and
1743 in urban locations in 2050. A few outliers showed that the HDD change will be minimal
(lower than 5%) in urban locations in The Netherlands, while urban locations in North
Macedonia will experience a higher decrease in HDDs than rural ones. In comparison,
the decrease in Portugal will be higher in the southern locations of the country. Overall
vulnerability related to climate and energy demand might decrease in rural locations, but it
might not be enough to make them less vulnerable than urban locations, as they will still
register higher HDD figures. Thus, people living in rural areas will still have higher energy
needs to warm their homes and avoid cold exposure.
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5. Discussion

The results show that although there is no clear-cut conclusion to be made across all
assessed locations, rural households tend to be more vulnerable to EP due to a combination
of multiple factors such as lower incomes, low education levels, more widespread material
deprivation, fewer options for modern heating, and lower dwelling quality. However,
in a few cases, particular spatially manifested and extenuating characteristics should be
taken into account such as the lower need for disposable income due to the availability of
local resources, a higher ownership of dwellings, and cheaper options for heating such as
fuelwood [9]. Fuelwood is indeed an important resource for poverty alleviation [79,106,118],
as seen in locations in Portugal, Slovakia, and North Macedonia. However, although it
can be an inexpensive fuel and a viable option to face EP, it can, on the other hand, create
problems regarding air quality due to the low-efficient and polluting equipment that is
frequently used in these settings, thus potentially contributing to health diseases.

The private rental sector is usually more developed in urban areas [59], with increased
living costs contributing to the vulnerability of urban areas to EP, at least from an eco-
nomic perspective. This effect could be alleviated through social housing, as seen in The
Netherlands, where EP is less prevalent. On the other hand, in rural areas, given that
income is constant but lower, and the dwellings are larger and more inefficient, an increase
in energy prices could impact their vulnerability more considerably than in urban areas,
as also discussed by Roberts et al. [119]. This is especially relevant for countries still un-
dergoing the energy liberalisation process [8], or are trapped in a monopolised energy
market [120]. Furthermore, higher vulnerability population segments, such as the elderly
and less educated people are more present in rural areas. The results point to a potentially
more persistent and long-term situation of vulnerability to EP in rural locations in contrast
to the higher possibility of urban households exiting a situation of EP. This is due to the
expression of multiple drivers of EP, such as population age, education level, and the
lower quality of dwellings, which can be challenging to overturn. An especially crucial
factor tends to be the missing heating infrastructure, leaving households in rural areas
with limited (modern) options for heating, as highlighted in [121,122]. Recognising this
category of vulnerable groups, such as the rural population is urgent as well as the specific
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targeting of measures [16,123]. However, we also point out that in some cases, there is
more of a regional rather than rural–urban ‘divide’, for example, more southern regions in
Greece and Spain have a higher energy vulnerability. On the other hand, the absence of a
sharp ‘divide’ between regions or locations in The Netherlands can be explained by more
regionally equitable housing policies such as widely distributed social housing.

It is also important to emphasise that the various expressions of EP determinants in
rural and urban contexts point to different EP profiles amongst the population in these
territorial typologies (i.e., population groups with different characteristics and vulnerability
factors). For example, this can refer to the elderly as a common vulnerable group as
well as ethnic minorities in Israel. The diversity of vulnerable groups calls for different
policy approaches concerning identifying and implementing strategies for socioeconomic
engagement and problem mitigation.

Climate change will impact outside temperatures, subsequently influencing the energy
necessary to reach comfortable temperature levels inside homes. In the winter season, as
this paper showed, the temperature is anticipated to increase, thus the heating demand
is expected to decrease in almost all locations, with geographic variations. Despite a
higher expected decrease in heating demand within rural areas, their heating demand will
remain higher in absolute terms, and overall EP drivers might continue to make rural areas
more exposed to EP, if the socioeconomic, demographic, and infrastructural landscapes
remain identical in the future. On the other hand, a decreased heating energy demand
is accompanied by an increased summer energy demand [43], which must be considered
when assessing EP more comprehensively. Thus, the overall vulnerability levels might shift,
but not decrease. Moreover, given the diverse territorial results presented in this paper,
it might be inferred that geography is a key factor to consider when designing climate
vulnerability mitigation policies, as it can be a determining factor for climate change impact.

Eventually, rural and urban settlements have specific characteristics that result in
different EP levels. It is important to investigate them more deeply, focusing on the
variation of determinants across these different types of settlements, as policy effectiveness
is connected to how schemes address the most relevant causes and drivers and whom they
target. Regional specificity and nuanced assessments are vital for improving the outcomes
of policy instruments.

We acknowledge that due to the aim of the research, we did not go into detail when ex-
ploring all contextual factors contributing to EP, but we intended to present a cross-country
and within-country (rural–urban) comparison of EP determinants and the estimation of fu-
ture climate change-caused deterioration of winter EP. The results aim to illustrate whether
rural or urban regions in the studied locations will be more vulnerable, and what are their
driving characteristics. Some of the limitations we had to face when preparing the study
included up-to-date and available regional and local data missing. Due to these unavailable
indicators, we used proxies. Additionally, the article should be considered as a baseline
study as the data refer to the period before COVID-19 and the energy crises, not referring
to the most current situation.

6. Conclusions

While several policies are being implemented in the EU to tackle EP, the targeting of
these policies needs improvement to better address EP [13]. The current policy framework
mainly covers bill support, often with scarce effectiveness [124], or the promotion of energy
efficiency [125], and partly neglects other dimensions for reducing EP mitigation such as
the impact of territorial and geographical settings on vulnerability-causing factors. This
is partly justified by the limited understanding of the determinants of household energy
consumption owning to the complex interplay of socioeconomic, cultural, and lifestyle
factors (likely between urban and rural areas) that vary across countries and within a single
country [30,126,127].

This article studied the EP determinants in eight countries and thirty-one locations,
exploring the rural–urban divide of energy vulnerability and estimating how climate
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change would affect this divide in winter by 2050. The work presented herein shows
spatial variations of EP determinants in different European and territorial contexts. This
study confirms that those in the geographical core of Europe are less vulnerable than those
on the geographical periphery, in line with previous studies [8]. Additionally, this work
goes further by shedding light on the spatial variation within countries across territorial
typologies. The multidimensionality of the problem of EP makes the urban vs. rural
conclusion difficult to clearly distinguish. A key factor is the level of regional development
manifested by the income level and technical conditions of the dwellings—the degree of
thermal insulation and renovation, which are not uniform within the studied countries
in the urban and rural contexts. These two characteristics have been identified as key EP
determinants, thus, the paper’s analysis makes it possible to identify areas in the analysed
countries that are potentially more vulnerable to this issue.

Indeed, the indicators point to higher EP vulnerability levels in rural locations due to
the lower income level of the local population, lower level of education, older age, and the
potentially higher heating demand related to older and bigger dwellings with less efficient
heating systems. These vulnerability factors are arguably not offset by a higher predicted
decrease in heating demand, with the 2050 forecasted HDD values still being higher in rural
areas. These findings highlight the need for tailor-made policies for tackling vulnerability
in this territorial typology (such as mobile one-stop shops with technical assistance for
rural areas), accounting for the specific expression of EP determinants in these locations.
This does not exclude the need to focus on urban areas, which have characteristics that
can be conducive to EP. In some countries, higher unemployment rates or lower levels of
owner-occupied dwellings are common in urban areas. The temporal and spatial variation
of determinants and different nuances across these different types of territories should be
considered in policymaking at the regional level to increase the schemes’ effectiveness in
targeting the vulnerable population.

While this study investigated the spatial variation of all indicators, the temporal
variation was limited to the climatic indicators, an identified shortcoming caused by the
lack of data [20] on future socioeconomic and infrastructural development scenarios at
this scale of study. Another limitation is the selection of locations, which might not have
fully represented each country. It would have been preferable to guide the selection
by comparing the indicators of locations to average national urban and rural country
characteristics. However, these data are not available for several countries. This also
unveils the need for more regular data collection to better understand regional EP diversity
in different territorial contexts. As climate change affects not only temperature in the winter
but also in the summer, and people are becoming exposed to higher temperatures and
excess heat with an increased difficulty in cooling their houses, follow-up research could
focus on the analysis of EP determinants in light of future summer cooling demand in
urban and rural areas.
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Appendix A

Table A1. Selected indicators for EP assessment.

Country
Population
(Millions)

(2020) [128]

Share of
Population

Living
in Rural

Areas (%)
(2015) [129]

Real GDP
Per Capita
at Market

Prices
(EUR) (2019)

[87]

Domestic
EEPI

(European
Energy)
Poverty

Index) [69]

Arrears on
Utility Bills

(%)
(2019) [130]

Inability to
Keep Home
Adequately

Warm *
(%) (2019) [1]

Population
in Dwellings
with Leaking
Roofs * (%)
(2019) [2]

Bosnia and
Herzegovina

3.5
57.3 [131] 5217 [131] n/a n/a n/a n/a

[131]

Greece 10.7 34.5 17,750 43.69 32.5 17.9 12.5

The
Netherlands 17.4 14.7 41,870 78.09 1.5 3 14.7

North
Macedonia 2.1 n/a 4130 (2018) n/a 34.4 33.1 13.9

Portugal 10.3 26.8 18,630 36.67 4.3 18.9 24.4

Slovakia 5.5 41.8 15,860 8.35 8.4 7.8 5.7

Spain 47.3 26.5 25,200 64.67 6.5 7.5 14.7

Israel 9.1 [132] 8.5 [132] 36,644 [133] n/a 40.5% [134] 38.5 [135] n/a

European
average 447.3 29 28,020 n/a 6.2 7.3 12.7

Note: Common data sources are at the heading of the table, country specific with the brackets at the cells. * Total
population living in a dwelling with a leaking roof, damp walls, floors or foundation, or rot in window frames
or floor.

Description of the case study locations.
Bosnia and Herzegovina (B&H): A country in south-east Europe located in the western

part of the Balkan Peninsula. The selected locations for the country were the following:
Sarajevo, the capital and largest city of B&H; Mostar, located in the south of the country, on
the banks of the Neretva River, which is the cultural and economic centre of Herzegovina;
Livno, a town in the southwestern part of B&H lying at 725 m above sea level, mainly on
the slopes and at the foot of the hill Bašajkovac. It is widely known for dairy, horse stables,
rivers rich in noble fish and crabs, and livestock production; and Brod, in the north-eastern
part of the country, is known for agriculture and industries (oil refinery, furniture factories,
and textiles).

Greece: Located in the south-eastern part of Europe. The four selected locations in
Greece were Athens, the capital and economic centre of the country, where, according to
the Hellenic Statistical Authority [88], the majority of the economically active population
(66%) works in the tertiary sector; Thessaloniki, the other urban area, selected for analysis
and the second-largest city in the country, where the majority of the population works in
the tertiary sector (65%); Kyllini, a south-western rural coastal area, where the economically
active population works mainly in the primary and tertiary sector activities (39% and 37%,
respectively); and Agiasma, the other rural location in the northern part of Greece, with an
economy relying mainly on primary and tertiary sector activities.
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Table A2. Basic characteristics of the selected locations.

Country Location Type of
Location

Population
(Inhabitants)

Köppen
Climate

Classification

Population
Density

(Inhabitants/km2)

Heating
Degree Days

(Own
Elaboration
from [136]

Bosnia and
Herzegovina

Sarajevo Urban 274,879 Cfb 166 2933

Mostar Urban 105,797 Cfb 91 1610

Brod Rural 17,943 Csb 76 2572

Livno Rural 34,133 Csb 35 3017

Greece

Athens Urban 664,046 Csa 17,043 1422

Thessaloniki Urban 325,182 Bsk 18,251 1653

Kyllini Rural 21,581 Csa 61 1115

Agiasma Rural 22,331 Bsk 33 1727

Israel

Jerusalem Urban 936,425 Bsh 7428 1194

Beit Dagan Urban 7285 Bsh 5131 374

Gilat Rural 1451 Csa n/a * 325

The
Netherlands

Amsterdam Urban 862,965 Cfb 3935 2587

Groningen Urban 231,299 Cfb 2762 2903

Tilburg Urban 220,513 Cfb 1867 2645

Losser Rural 22,622 Cfb 227 2844

North
Macedonia

(2002)

Skopje Urban 506,926 Cfa over 500 2535

Ohrid Urban 55,749 Csa 100–499 2755

Lazaropole Rural 0 * Csa 0 ** 3651

Kriva Palanka Rural 20,820 Dwa 20–49 2705

Portugal

Lisbon Urban 509,515 Csa 5092 905

Porto Urban 216,606 Csb 5230 1179

Bragança Rural 33,607 Csb 29 2250

Évora Rural 52,428 Csa 40 1307

Slovakia

Bratislava Urban 440,948 Cfb 1199 2774

Poprad Urban 50,998 Dfb 808 4041

Hokovce Rural 495 Cfb 34 3047

Telgárt Rural 1519 Dfb 27 4403

Spain

Léon Urban 131,411 Csb 3365 2364

Seville Urban 698,042 Csa 4956 659

Ponferrada Rural 68,383 Csb 241 2194

Morón Rural 28,389 Csa 66 900

Note: Koppen Climate Classification: Bsh—Hot semi-arid, Bsk—Cold semi-arid, Cfa—Humid subtropical, Cfb—
Oceanic, Csa—Mediterranean hot summer, Csb—Mediterranean warm/cool summer, Dfb—Warm summer humid
continental, Dwa—Hot summer humid continental. Sources: B&H: [131,137], Greece: [88,90] (own calculation
from census 2011 population and locality’s surface (km2) by census 2001), Israel: [92] (*—kibbutz–data not
reported), The Netherlands: [138], North Macedonia: [139,140] (**—there are 40 houses at this location but its
citizens are officially registered in other locations nearby, thus is reported as uninhabited in the statistics), Portugal:
[95], Slovakia: [141], Spain: [97] (own calculation from Census 2011 and locality’s surface (km2)).

Israel: Located in the Middle East, on the coast of the Mediterranean. In Israel, a
distinction is made between central and peripheral locations, considered urban and rural
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locations in this study. According to the Israeli Central Bureau Statistics [100], peripheral
locations are distant from amenities or existing assets in all areas including the area itself.
The following locations were selected as case studies: Jerusalem, the biggest city and major
urban centre administered by Israel; Gilat, a rural community in southern Israel, is located
in the Negev Desert, where one-third of the population works in agriculture; and Bet-Dagan
is a town located in the central district of Israel and is the home of the Israel Meteorological
Service.

The Netherlands: Located in Western Europe, known for its strong economy, with one
of the highest GDP per capita in the EU. The four examined locations reflect the different
regions in The Netherlands: Amsterdam, the capital, the largest city of the four and situated
in the west of the country; Tilburg, located in the more southern part of The Netherlands
and a considerably more rural surrounding compared to Amsterdam; Losser, situated in
the far east on the border with Germany, a relatively small municipality with a rich history
in the textile industry, similar to Tilburg; and Groningen, positioned in the north of The
Netherlands, the biggest town in this more rural area.

North Macedonia: Located in south-east Europe. The following locations were
selected as case studies: Skopje, an urban centre and the capital of North Macedonia, where
the country’s industrial, trade, and service capacities are concentrated; Ohrid, the second
largest urban area located in the south-west region, known for tourism; Kriva Palanka,
a rural area representing the north-east region, which offers an opportunity for work in
the meat and dairy processing industry; and Lazaropole, a rural area located in the Polog
region that relies heavily on agriculture.

Portugal: The westernmost country in Europe. The chosen locations were Lisbon,
which is the capital city and the most relevant economic centre of Portugal; Porto, the
second biggest city and also an important business centre; Bragança, a town in the north-
east, located in a mountainous region with colder winters and an economy mainly based
on primary sector activities and several rural civil parishes; and Évora, situated in the
south-east, and is also constituted by several plain rural areas outside the city area, with
agriculture and animal farming playing a major role in the region’s economy and people’s
way of life.

Slovakia: A small central European country with significant regional socioeconomic
differences (GDP, income, unemployment). The following locations were analysed: Bratislava,
the capital city, the most economically developed region in the country; Poprad, situated
under mountains, being the coldest town in the country and one of the most exposed to
winter weather extremes; Hokovce, located in the central-southern part close to the border
with Hungary, where inhabitants are employed by the local spa or agriculture; and Telgárt,
a small mountain village, where most inhabitants work in forestry, agriculture, and tourism.

Spain: A southern European country characterised by a varied climate. The chosen
locations were the following: Seville, the capital of Andalusia, one of the country’s poorest
regions located in the south; Leon, a city situated in the northern region of the Castile and
Leon regions, is among the coldest towns and one of the most exposed to winter weather
extremes; Morón, a village of Andalusia in the province of Seville, mainly relying on the
service and agriculture sectors [142]; and Ponferrada, a small town situated in the province
of Leon, a richer area whose economy is based on the service sector.
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