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Abstract: Climate change is one of the most pressing issues on the public policy agenda.
Employing data from rounds 8 and 10 of the European Social Survey, this paper examines
the relationship between the perception of Europeans towards climate change and the
limitation of energy consumption. An ordered logit model shows that socio-demographic
characteristics are strongly related to attitudes towards climate change: female, more
educated, and left-leaning respondents display, on average, higher levels of worry and
personal responsibility for addressing climate change. However, the relationship between
these predictors with greater support for energy reduction measures is non-trivial. Through
our unique dataset, the study investigates the evolution of attitudes towards private energy
consumption reduction over time. Although beliefs are becoming more positive across
Europe, personal responsibility to address climate change seems to play an especially
pivotal role in Eastern countries. Policy implications are discussed in light of these results.

Keywords: climate change; energy demand; European Social Survey; individual attitudes

1. Introduction
Climate change has been regarded as one of the most pressing issues modern societies

have faced over the last few decades [1]. The energy issue has recently gained prominence
in the public debate, as the conflict between Russia and Ukraine has limited the supply
of fossil fuels, particularly natural gas, and has skyrocketed electricity prices globally.
Increasing energy efficiency has become a matter of ecology and public finance for many
European countries, whose budgets had already taken a hit after the pandemic [2].

Efforts to address climate change have been largely ineffective, as countries that on
paper agree on environmental treaties often fail to meet their stated goals [3]. In place of
direct intervention of governmental organizations, many have stressed the importance
of personal efforts of consumers to curb carbon emissions, advocating, in particular, the
need for private changes in energy consumption habits. Indeed, it is believed that reducing
energy demand may be one of the most cost-effective solutions currently available [4],
while energy efficiency measures have been estimated to be largely insufficient to meet
current environmental goals [5].

Despite the recognized benefits of bottom-up approaches to curbing our ecological
footprint, much of this potential has remained untapped [6]. Prior studies suggest that
insufficient engagement with climate issues by the general public may be at the root of
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this failure [7], prompting deeper reflection on the underlying motivations behind climate
change rejection and more specifically skepticism towards reducing energy expenditure. To
achieve their goal, policymakers need to remove these cognitive and behavioral obstacles,
in order to convince the public opinion that climate change is a severe issue, prioritize
the sacrifices necessary to mitigate its anthropic roots, and promote effective changes in
lifestyle [8].

The present work deepens our knowledge on the topic by analyzing to what degree
concern and feelings of personal responsibility towards climate change are associated with
greater support for energy use limitation. The specific focus on attitudes and beliefs is very
important because in well-founded sociological theories such as the theory of reasoned
action and the theory of planned behavior, attitudes and beliefs are considered as the main
antecedents of the intentions towards a given behavior; and the intentions are the best
predictors for the realization of a behavior in a decision process mechanism. Hence, we
use novel data from round 10 of the European Social Survey (ESS), released in December
2022, to look into the attitudes of the European population regarding perceptions of climate
change and the need to curb energy consumption. In addition, the continuity between
recent releases of the ESS allows us to compare these data with a similar set of items already
explored in round 8, which was carried out in 2016.

In particular, we rely on three items drawn from the two surveys. The first item,
chosen among those available in rounds 8 and 10 of the ESS, focuses on the responses
to the question, “How worried are you about climate change?”. The second one collects
the answers to “To what extent do you feel a personal responsibility to try to reduce
climate change?”. The third one asks, “[. . .] Imagine that large numbers of people limited
their energy use. How likely do you think it is that this would reduce climate change?”.
Conceptually, these three questions try to model the necessary steps that lead to behavioral
changes necessary to fight climate change. The first question aims to capture the extent to
which respondents are concerned about climate change and its effects on the planet. In
contrast, the second is informative about the feeling of personal responsibility regarding
the problem, so as to capture to what degree they believe they ought to act to safeguard
the climate. Lastly, the third item expresses the perceived effectiveness of a specific mode
of environmental harm reduction, namely lower energy consumption (as a tool to limit
greenhouse gas emissions).

We test whether the respondents’ personal characteristics tie together these three
conceptual steps, that is, whether climate change believers are also the most prone to
reducing energy consumption. Therefore, the focus of the paper is two-fold. On the one
hand, the ESS round 10 data allow us to study different socio-demographic profiles and
their attitudes towards climate change and energy use. On the other hand, the availability
of comparative data with pre-COVID and pre-Energy crisis data from round 8 of the ESS
makes it possible to evaluate the change in individual orientations towards these topics
over time and across regions of Europe. We have adopted an ordinal regression model to
achieve our research goals due to the polytomous nature of the response variables.

The remainder of this paper is structured as follows. Section 2 carries out a literature
review on the perception of climate change and energy reduction as a solution to it. Section 3
discusses the data employed in the study and the variables collected and addresses any
missing data problems. Section 4 displays the results from the regressions, with particular
attention to divergences across clusters of countries. Finally, Section 5 contains some final
remarks on the topic.
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2. Literature Review
2.1. Climate Change: Between Skepticism and Engagement

Attitudes regarding climate change and energy consumption have been explored at
large by many disciplines in the social sciences, from political science to sociology, eco-
nomics, and managerial sciences [9]. The awareness and willingness of people to personally
bear the cost of lowered ecological impact seem to be a driving factor of unsatisfactory
environmental awareness and compliance, even though these issues are universally rec-
ognized by experts as crucial to the future of the environment and sustainable economic
development (for some seminal studies, see [10–12]). Firstly, we must note that “climate
change disbelief is not just the result of a lack of awareness or understanding” [13]. Instead,
there is a perceived lack of urgency to the problem, widespread skepticism for humans’ role
in global warming, and an unwillingness to pay the costs of a green transition. McCright
et al. [14,15] provide a helpful review of the main predictors of climate attitudes. They
find, for instance, that men are generally more skeptical than women: indeed, it is thought
that the way women are socialized makes them more empathic, as well as being more
risk-averse than their male counterparts. On a similar note, Zafar and Ammara [16] note
that these differences may relate to gaps in health concern and income among respondents
of opposite genders, which in turn relates to the level of wealth of the respondents’ country
of origin [17].

More recently, Arikan and Gunay [18] found, using data from the Global Attitudes
Survey, that years of education, female gender, older age, and higher income are all positive
and significant predictors. Education favors political participation and provides individuals
with the cognitive tools to grasp the climate issue, while greater economic security allows
them to worry less about immediate concerns and refocus on larger issues. Other cognitive,
experiential, and socio-cultural factors are analyzed by van der Linden [19], allowing
the author’s model to explain a significant proportion of climate change risk perception
variability. A recent review finds similarly strong connections between psychosocial traits
and broad engagement with the climate issue [20].

Further research highlights the existence of an urban–rural divide. In particular, they
stress the differential effects of education and social class levels on support for climate
protection and energy reduction in different residential settlements [21]. Arndt et al. [22]
explain polarization: climate policies tend to concentrate costs in certain areas already
under socio-economics stress because of other processes linked to globalization and mod-
ernization, which causes resistance. As a result, the center-periphery cleavage emerges.
Rural and suburban residents will be less supportive of green policies, as they fear income
losses and reduced purchasing power, mainly for poorer regions.

2.2. Attitudes Towards Climate Change and the European Social Survey

In this rich literature, the European Social Survey has been a source of vast knowledge
of what concerns the way inhabitants of the European Union and beyond perceive the
issues at hand. In particular, the data collected through this project allow researchers to
bridge one of the most notable gaps in the literature, concerning the lack of large-scale
cross-national survey data on climate perception [23,24].

Among previous endeavors in this direction, Marquart-Pyatt et al. [25] use data from
round 8 of the ESS to examine how the opinions concerning climate change connect to
attitudes supportive of renewable energy and energy behavioral intentions across nations.
The results show that predictors supporting green policies transcend welfare regimes
(except for former socialist governments, which all display a lower interest in the issue).
The author’s findings suggest that socio-economic determinants of interest in climate
change are broadly similar across the continent. Working on the same set of data, Poortinga
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et al. [26] confirm these results but argue that the size of the estimated impact of these
predictors highly depends on the country of observation. These regional differences
across Europe suggest that some underlying heterogeneity, which cannot be explained by
economic conditions, still exists. Another recent study by Bouman et al. [27] highlights the
existence of strong correlations between biospheric values, personal responsibility towards
climate change, climate mitigation policy support, and climate mitigation behaviors.

Another strand of literature has been pursuing the reasons behind the negation of
climate change. Lubke [28] shows that rejecting climate change is strongly connected to
people’s economic insecurity. However, it also depends on the area’s economic conditions in
terms of the region and the country. More rural areas, as well as countries more dependent
on fossil fuels, are more skeptical about the involvement of humans in climate change.
Personal experiences with natural disasters caused by climate change also seem to affect
one’s perception of the phenomenon [29]. While denial is a marginal phenomenon among
European populations, many people attribute climate change equally to human influences
and natural processes.

2.3. Bottom-Up Solutions: Energy Demand Reduction and Its Limits

Turning to specific policies devised to fight climate change, energy appears to be a key
factor, as it is one of the few that the consumer can directly tackle. Prior studies found a
correlation between the strength of environmental concerns and greater support for renew-
able energy sources in Germany [30], intentions to reduce energy use in the UK [29] and to
adopt energy-saving behaviors [31], and more general support for green policies [32,33].
More recently, researchers found that a greater risk perception towards climate change is
correlated with the perceived ineffectiveness of individual action [34] and that expectations
about the efficacy of energy reduction initiatives moderate the association between worry
about climate change and energy-saving behaviors [35]. Moreover, Jakučionytė-Skodienė
and Liobikienė [36] observe that, while feelings of personal responsibility were positively
correlated with personal actions to reduce climate impact, climate change concern only
promotes low-cost ones. Belaid and Joumni [37] gathered information about France and
found, among other socio-economic indicators, that age has a non-linear effect on energy
attitudes. People who worry about energy security negatively distort their preferences for
renewable alternatives to fossil fuels [38] or opt for alternatives to fossil fuels only if given
no choice [39]. On top of that, their decisions do not consider solely economic advantages,
so that they are willing to stray away from promising energy-saving technology in exchange
for greater comfort or convenience [40]. Lastly, the political dimension of the problem is a
strong driver of beliefs [41]: people appear to be less in favor of energy policies because
of their right-wing sympathies [42], while also reducing the positive effects of education
on climate change beliefs [43] and displaying perverse interactions with socioeconomic
status [44].

Although these papers provide valuable insights into the topic, they all share a critical
limitation: they use only one round of cross-sectional data to conclude. This limits our
understanding of how climate change and energy perception change over time. That is
often the case even for studies that employ data collected over multiple years, as the sample
is rarely consistent enough across countries to allow a time-series approach [45]. Our
paper aims to bridge this gap by employing repeated cross-sectional data drawn from
round 8 (2016) and round 10 (2020) of the European Social Survey. Although the samples
of respondents are different, ESS works on large samples that are representative of the
countries’ populations.
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Only a few published articles and working papers [46] analyze round 10 of the ESS to study
the perceptions of climate change and energy use. However, the present approach improves on
these papers, combining multiple survey waves and extending the explanatory variables.

3. Data and Methods
3.1. Theoretical Models

To capture the role of individual beliefs concerning climate change and how these
mediate support for energy demand reduction measures, we develop a basic model of
behavioral action. This comprises three main clusters of drivers, each capturing a necessary
step required for an individual to personally engage with mitigation activities.

In cluster 1, we include socio-demographic variables which are believed to influence
beliefs towards science and, in particular, climate change and its anthropogenic nature.
These are posited to exogenous to the formation of beliefs, and relate to fundamental aspects
of one’s identity, including gender, age, nationality, and socio-economic status. While not
all immutable, they are deemed to be sufficiently fundamental and slow changing, so that
they are not themselves influenced by the perception of climate change but are rather the
cause of such attitudes. Among these we also include religion and political affiliation.
Despite the latter being a relatively more complex construct compared to the previously
mentioned ones, we include it in the analysis by virtue of the importance granted to it by
the literature as an explanatory variable of individual beliefs [47]. Moreover, it is generally
recognized as a cause rather than an effect of skepticism, and while feedback loops do exist,
they relate more to fostering collective anti-scientific processes than directly determining
political faith at the individual level [48].

Cluster 2 includes instead the conceptualization of climate change as a real, impending
threat, of which human behaviors, and, in particular, private decisions, are a fundamental
root cause. Rather than being a monolithic construct, climate change skepticism appears to
be a complex structure of several, often conflicting beliefs about the environment and our
relationship with it. As noted by Haltinner and Sarathchandra [49,50], distrust towards
climate change should rather be regarded as a continuum of related but distinct positions,
where uncertainty about one’s own appraisals plays a crucial role. Among these crucial
connections, we chose to isolate the role of individual worry for the consequences of
environmental change and individual responsibility towards containing their negative
effects as key dimensions of investigation. As attitudes are preconditions for the activation
of individuals, as asserted by the theory of reasoned action [51] and theory of planned
behavior [52], understanding the causal link between personal view of the problem and
attitudes towards its possible solution can provide us with valuable insights.

Finally, cluster 3 contains our main object of study: the attitude towards energy de-
mand reduction as the proposed solution to climate change. Here, as for all environmental
attitudes, it is conceptually difficult to isolate a single dimension of analysis capable of
capturing the whole spectrum of beliefs related to personal efficacy. Therefore, we chose
to concentrate on one of the main advantages of individual action versus government
intervention: the lack of coordination failures among countries, which to this day repre-
sents one of the main obstacles to effective international action. By contrast, we investigate
whether respondents believe that independent action by many private individuals can be
an effective tool to reduce environmental transformations.

The connection between these three clusters, represented through the directed acyclic
graph (DAG) [53] in Figure 1, will guide the development of our statistical models.
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Figure 1. Conceptual model describing the causal relationship between the investigated constructs.

3.2. Participants and Survey Procedure

The European Social Survey (ESS) has been an academically driven cross-national
European survey since 2001. It has been administered every two years in 40 countries
and has reached its tenth round as of 2022. It consists of an hour-long face-to-face inter-
view (with some exceptions due to the technical limitations of the COVID-19 pandemic),
delivered to newly selected, cross-sectional samples of representative size. Respondents
are people aged 15 and over and are residents within private households in the coun-
tries of observation, regardless of their nationality and citizenship. The survey involves
strict random probability sampling, a minimum target response rate of 70 and rigorous
translation protocols.

The survey collects social attitudes, behaviors, and values on various subjects, such
as trust in institutions and governments, political values and engagement, social capital
and trust, and immigration and crime. Next to several recurring questions that constitute
the “core” of the survey, it also alternates two “rotating modules” on varying topics every
two years.

Round 8 was conducted between August 2016 and December 2017 and covered
23 countries for 44,387 observations. In addition to the core topics, it collects information
on two rotating modules titled “Public Attitudes to Climate Change, Energy Security, and
Energy Preferences” and “Welfare Attitudes in a Changing Europe”.

Round 10 was conducted between 2020 and 2022. It covered 32 countries, though, in
practice, only 13 of them have relevant data for our research purposes. Therefore, the num-
ber of observations is 33,351. The questionnaire contains two unrelated rotating modules;
since the items from the first module have been integrated into the core questions of the
present survey iteration, we can perfectly map the answers to the questions of interest.

Among the available questions, we selected information about attitudes towards
climate change and the reduction in energy consumption in countries with observations
for both rounds mentioned. After dropping the missing values, the dataset is composed
of 42,081 observations (22,398 from round 8, 19,683 from round 10) over 13 countries: the
Czech Republic, Estonia, Finland, France, Hungary, Iceland, Italy, Lithuania, the Nether-
lands, Norway, Portugal, Slovenia, and Switzerland. Descriptive data for the final sample
are presented in Table 1.

3.3. Dependent Variables

In our analysis, we will focus on three dependent variables, described in detail in
Table 2. The first one collects the answers to the question: “How worried are you about
climate change?”. The values of the responses vary between 0 (“Not at all worried”) and
10 (“Extremely worried”). Other responses (“Not applicable”, “Refusal”, “Don’t know”,
“No answer”) are pooled together as missing values. Henceforth, we will refer to this first
variable as the worry variable.
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Table 1. Unweighted sample size and descriptive statistics for age and attitudes towards climate
change and energy reduction per country.

Country Country
Group

Sample
Size Mean Age Min Age Max Age Mean/Median

Worry Item
Mean/Median

Responsibility Item
Mean/Median
Efficacy Item

Czechia CEE 4565 47.44 15 92 2.95/3 3.88/4 4.85/5
Estonia CEE 3491 50.47 15 93 2.79/3 4.81/5 4.80/5
Finland ROE 3452 51.30 15 95 3.12/3 6.67/7 6.02/6
France ROE 3973 51.03 15 99 3.24/3 7.20/8 5.78/6

Hungary CEE 3367 50.87 15 95 3.23/3 5.11/5 5.45/5
Iceland ROE 1762 49.34 15 94 3.08/3 6.50/7 6.23/6

Italy ROE 3658 49.33 15 96 3.21/3 5.50/6 5.70/6
Lithuania CEE 3538 50.58 15 97 3.02/3 5.46/6 5.31/5

Netherlands ROE 2797 50.38 15 97 3.14/3 6.18/7 5.71/6
Norway ROE 2686 47.21 15 98 3.10/3 6.53/7 5.86/6
Portugal ROE 2909 53.27 15 93 3.51/4 6.28/7 6.47/7
Slovenia CEE 2909 49.21 15 94 3.33/3 5.89/6 5.93/6

Switzerland ROE 2753 48.93 15 94 3.21/3 7.06/7 6.03/6

TOTAL 41,718 49.79 15 99 3.73/3 5.61/6 4.13/4

Table 2. Descriptive statistics of the dependent variables, with percentages for each possible answer.

Question Score Meaning % of Responses

“How worried are you about
climate change?”

1 “Not at all worried” 4.52
2 “Not very worried” 16.74
3 “Somewhat worried” 45.38
4 “Very worried” 26.02
5 “Extremely worried” 6.83

others . 0.51

“To what extent do you feel a
personal responsibility to try to

reduce climate change?”

0 “Not at all” 6.54
1 . 2.90
2 . 4.55
3 . 5.73
4 . 5.48
5 . 14.89
6 . 11.91
7 . 16.09
8 . 15.78
9 . 6.16

10 “A great deal” 8.11
others . 1.86

“Now imagine that large numbers
of people limited their energy use.
How likely do you think it is that

this would reduce climate change?”

0 “Not at all likely” 2.00
1 . 1.45
2 . 3.34
3 . 5.67
4 . 6.11
5 . 11.65
6 . 10.40
7 . 11.49
8 . 8.74
9 . 2.51
10 “Extremely likely” 3.14

others . 33.51

The second variable captures the answers to the question, “To what extent do you feel
a personal responsibility to reduce climate change?”. The values range from 0 (“Not at
all”) to 10 (“A great deal”). Other responses (“Not applicable”, “Refusal”, “Don’t know”,
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“No answer”) are pooled together as missing values. Henceforth, we will refer to this first
variable as the responsibility variable.

The last target variable collects the responses to the question, “Imagine that large
numbers of people limited their energy use. How likely do you think it is that this would
reduce climate change?”. The values range from 0 (“Extremely unlikely”) to 10 (“Extremely
likely”). Other responses (“Not applicable”, “Refusal”, “Don’t know”, “No answer”) are
pooled together as missing values. Henceforth, we will refer to this first variable as the
efficacy variable.

While the worry statistics vary from 1 to 5, with a mean and median value close to
the center of the interval (as shown in Table 1), the responsibility and efficacy variables
range between 0 and 10. While the former still has a mean/median value close to the center,
that is not the case for the latter, which displays consistently lower realizations. Figure 2
presents the relative change in each of the three outcomes observed between the two ESS
rounds, expressed in percentage terms.

     

Figure 2. Maps of countries included in the sample, displaying the relative change in attitudes
between round 8 and 10.

3.4. Explanatory Variables

While the worry statistics vary from 1 to 5, with a mean and median value close to
the center of the interval, the responsibility and efficacy variables range between 0 and 10.
Moreover, their mean/median value is closer to 6, suggesting that respondents are more
clearly positioned on average in these two latter issues than climate worry.

To study the influence of the socio-economic features of the respondents on their
attitude towards climate change and its mitigation, we employ nine variables from the
ESS. This is a considerable enlargement compared to similar studies on the subject. These
are (1) Age, the age of the respondent at the time of the interview, which is grouped
in 7 ten-year brackets; (2) Gender, the gender of the respondent; (3) Employment, the
employment status of the respondent, split into 7 categories (“Employed”, “Unemployed”,
“Student”, “Sick”, “Retired”, “Stay-at-home”, “Other employment condition”); (4) Not
citizen, whether the respondent is not a citizen of the country; (5) Foreign, whether the
respondent was not born in the country; (6) Education, the maximum level of education
of the respondent, represented by their ISCED score, grouped in 3 categories (“Primary”,
“Secondary”, and “Tertiary” education); (7) Income, the household’s total net income,
from all sources, divided into 3 categories (“Low” for the first three deciles of the national
distribution, “Medium” for the middle four, and “High” for the highest three); (8) Political
beliefs, represented by a scale between 0 (for left-wing) and 10 (for right-wing), were then
grouped into two dummy variables; (9) Domicile, how the respondent would describe
the area where they live in terms of size (categorized as “Rural” if their response was
“Farmhouse”, “House in the countryside”, and “Urban” if they answered “Town or small
city”, “Suburbs or outskirts”, or “Big city”).
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Along with these key socio-economic variables, we include geographical controls in
the form of dummies for each of the 13 countries under study. We aim to rule out any
time-invariant characteristic of the country populations that may be otherwise confounded
for a causal effect of one of the abovementioned predictors.

Lastly, in the latter stage of the analysis, we employ a dummy variable for former
socialist state countries, which we will refer to as Central and Eastern European (CEE): the
Czech Republic, Estonia, Hungary, Lithuania, and Slovenia. We contrast them with the
rest of the countries in the sample (Switzerland, Finland, France, Italy, Iceland, Norway,
and Portugal), identified with the acronym ROE. This distinction follows the results found
in McCright et al. [14], whose authors argue that the most notable differences in climate
change and energy attitudes are found in countries that belonged to the Eastern Block after
World War II.

3.5. Data Analysis

To test the predictive potential of our model of behavioral activation, the analyses em-
ploy a battery of statistical techniques, which aim to establish robust correlations between
our variables of interest.

In the first part of the analysis, we seek to establish a relationship between individual-
level drivers and attitudes towards climate change and energy reduction behaviors. The
results from three ordered logistic models (estimated using maximum likelihood) for each
variable of interest are reported in the following section.

Attitudesi = β0 ESS Wavei + γ0 Individual FEi + γ1 Country FEi + εi

Subsequently, we employ a mediation approach to understand whether the inclusion
of climate related items weakens the effect of the energy variable or if, instead, there is
an independent change in the attitude towards energy reduction measures. The goal is to
understand how individual conceptualization of the problem plays a role in promoting
energy conscious behaviors.

Energy att.i = β0 ESS Wavei + β1 CC att.i + γ0 Individual FEi + γ1 Country FEi + εi

Finally, the same mediation analysis is applied to two distinct clusters of countries to
observe whether there are significant heterogeneities in relevant predictors and time trends.
Comparing Central and Eastern European countries (CEE) with the Rest of Europe (ROE)
allows us to grasp potential patterns of divergence that may have emerged.

Tables containing the results of these analyses are presented in the next section.

4. Empirical Results and Discussion
4.1. Attitudes Towards the Origin of Climate Change

We found some expected results and new insights after excluding non-admissible
values for the variables of interest.

From the first column of Table 3, the ordinal logit model helps us isolate a number of
key variables impacting worry about climate change. The estimations suggest that female
gender has a significant and positive effect on the response, meaning that women are more
likely to worry about the consequences of climate change than men. Age follows an inter-
esting U-shaped trajectory: younger respondents appear to be the least concerned, with no
detectable difference between respondents under 20 and those under 29. The likelihood of
a high worry score increases as the respondents get older, peaking between 50 and 69 years
old and finally decreasing (but only in relative terms) for those over 70.
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Table 3. Weighted regression on the climate and energy variables.

(1)
Climate Worry Item

(2)
Climate Responsibility Item

(3)
Energy Efficacy Item

Round 8 (2016) Ref. Ref. Ref.
Round 10 (2020) 0.277 *** (0.0217) 0.505 *** (0.0207) 0.287 *** (0.0297)

Gender
Male Ref. Ref. Ref.

Female 0.219 *** (0.0221) 0.183 *** (0.0209) 0.228 *** (0.0253)
Age

Less than 20 Ref. Ref. Ref.
Between 20 and 29 0.052 (0.0569) 0.162 *** (0.0533) −0.277 *** (0.0646)
Between 30 and 39 0.229 *** (0.0611) 0.278 *** (0.0573) −0.215 *** (0.0690)
Between 40 and 49 0.330 *** (0.0612) 0.370 *** (0.0574) −0.171 ** (0.0691)
Between 50 and 59 0.331 *** (0.0613) 0.395 *** (0.0574) −0.282 *** (0.0692)
Between 60 and 69 0.384 *** (0.0611) 0.405 *** (0.0573) −0.180 *** (0.0681)

Over 70 0.136 ** (0.0669) 0.103 (0.0629) −0.332 *** (0.0742)
Education

Less than secondary Ref. Ref. Ref.
Secondary education 0.249 *** (0.0387) 0.319 *** (0.0373) −0.039 (0.0422)

Tertiary education 0.674 *** (0.0458) 0.725 *** (0.0439) 0.239 *** (0.0510)
Income
Low Ref. Ref. Ref.

Medium −0.010 (0.0285) 0.190 *** (0.0272) 0.131 *** (0.0324)
High −0.025 (0.0336) 0.247 *** (0.0319) 0.173 *** (0.0386)

Employment status
Employed Ref. Ref. Ref.

Unemployed 0.206 *** (0.0499) 0.079 * (0.0473) −0.005 (0.0552)
Student 0.468 *** (0.0531) 0.183 *** (0.0496) 0.187 *** (0.0603)

Sick 0.275 *** (0.0752) 0.237 *** (0.0736) −0.008 (0.0861)
Retired −0.025 (0.0458) −0.059 (0.0438) −0.044 (0.0521)

Stay at home 0.072 (0.0541) −0.003 (0.0514) 0.079 (0.0608)
Marital status

Never in a union Ref. Ref. Ref.
Married −0.069 ** (0.0307) −0.028 (0.0291) −0.035 (0.0357)

Civil union 0.221 *** (0.0606) 0.113 ** (0.0572) −0.058 (0.0714)
Separated −0.082 * (0.0445) 0.013 (0.0424) −0.058 (0.0518)
Widowed −0.184 *** (0.0564) −0.272 *** (0.0541) −0.150 ** (0.0648)
Citizenship

Citizen Ref. Ref. Ref.
Not citizen 0.0556 (0.0651) 0.137 ** (0.0627) 0.0593 (0.0753)

Political beliefs
Left-wing Ref. Ref. Ref.

Right-wing −0.0856 *** (0.00478) −0.0343 *** (0.00458) −0.0376 *** (0.00549)
Place of birth

Born in interview
country Ref. Ref. Ref.

Foreign-born 0.128 *** (0.0471) 0.354 *** (0.0452) 0.0357 (0.0556)
Settlement type

Rural area Ref. Ref. Ref.
Urban area 0.0854 *** (0.0224) 0.00790 (0.0212) 0.0398 (0.0255)

Country FE Yes Yes Yes
N 30,766 30,520 20,839

Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01.

Education is a relevant predictor for greater environmental concern, with a stronger
effect for higher levels of schooling. At the same time, controlling for education, there is
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no independent effect exerted by income. Out of all employment statuses, the students,
the unemployed, and the sick appear to be the most concerned with climate change, while
workers, stay-at-home parents, and the retired display no statistical difference.

While citizenship does not explain worry, foreign-born respondents feel more threat-
ened than native ones. Moreover, there is compelling evidence that urban living settlements
are conducive to a high worry score, though the effect size is rather small. Lastly, polit-
ical affiliation to the right wing is conducive to a lower likelihood of worrying about
the environment.

An exciting yet novel fact is that there is a discernible change in opinions between
2016 and 2020 regarding the perceived risk of climate change: the variable capturing the
round of the observation is strongly significant, with a positive sign showing that people
are becoming more concerned about the environmental threat. Considering the relatively
narrow time window of the study, it is somewhat surprising and encouraging to observe
increasing awareness of the consequences of human activity on the global environment.

In column 2 of Table 3, we observe the socio-demographic predictors correlating with
a stronger feeling of personal responsibility for safeguarding the environment. The female
gender exerts a similarly positive effect on the likelihood of a high score, as does education,
with a magnitude increasing with the level of schooling. Age follows a similar path as
before, though the positive effect starts from 20 to 29 respondents, reaching its maximum
again between age 60 and 69. Surprisingly, however, income has a distinctly positive and
significant impact on feelings of direct responsibility for addressing climate change, a
result that was not found for worry. A similar, relevant significance shift is seen in living
settlements: the responses to the responsibility question do not appear to be different for
urban respondents compared to their rural counterparts. Returning to employment status,
students, and those unable to work exhibit higher scores while foreign respondents are
still more likely to feel personally responsible for the climate with respect to non-citizens.
Political beliefs are once again significantly associated with a reduction in the likelihood of
a high score of the outcome variable, with right-wing respondents being more skeptical of
the importance of their involvement.

Once again, there seems to be a general trend of improvement over time in the percep-
tion of climate change as a problem requiring the direct intervention of individuals. The
estimated coefficient is positive, sizeable, and significant, suggesting that people are becom-
ing more willing to change their behavior to fight climate change across Europe. However,
whether this general disposition translates into a greater belief in energy reduction is not a
priori given and will be the focus of the following subsection.

4.2. Attitudes Towards Energy Reduction by Individuals

While analogies can be found compared to the previous regressions, there are key
differences between climate attitudes and opinions regarding the potential for private
efforts to reduce energy demand. We turn to the third column of Table 3, which contains
the results from the regression on the efficacy of energy limitation as a measure to fight
climate change.

Gender is once again a significant predictor, with women being far more supportive
of reduced energy consumption than men. Similar to the responsibility item, but not the
worry one, income positively correlates with the outcome variable, with stronger support
displayed by wealthier respondents. Education has a significant positive effect on the
variable only for relatively high levels while holding a secondary education does not
influence the support for energy reduction measures. Looking at employment status, only
students significantly differ from the employed in terms of higher support for lowering
energy consumption, while all other categories do not.
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Neither lack of citizenship nor foreign origins explain attitudes towards energy re-
duction. Living arrangements are once again non-significant in the present regression.
Lastly, being politically right-wing decreases the chances of holding strong beliefs in the
effectiveness of reducing energy consumption.

That said, we still observe a general trend of improvement in the perception of energy
reduction measures as effective in solutions to climate change, as the variable capturing
the round of observation is once again positive and significant. This result is robust to the
inclusion of the aforementioned socio-demographic controls. In the next section, we will
analyze how attitudes towards energy reduction measures interact with attitudes towards
climate change. In doing so, we will limit the presentation of coefficients to those that we
found to be more consistent across regressions and conceptually interesting.

4.3. Role of Climate Change Perception in Explaining Attitudes Towards Energy Reduction

In the following Table 4, we will present the results for these two measures of atti-
tudes towards climate change on the likelihood of supporting the effectiveness of energy
demand reduction:

Table 4. Regression on energy efficacy mediated by climate worry and climate responsibility.

(1)
Energy Efficacy Item

(2)
Energy Efficacy Item

(3)
Energy Efficacy Item

Mediating factors
Climate worry 0.544 *** (0.0150) 0.246 *** (0.0164)

Climate responsibility 0.287 *** (0.00667)

ESS Round
Round 8 (2016) Ref. Ref. Ref.

Round 10 (2020) 0.292 *** (0.0298) 0.225 *** (0.0299) 0.0976 *** (0.0299)
Gender
Male Ref. Ref. Ref.

Female 0.225 *** (0.0254) 0.191 *** (0.0255) 0.183 *** (0.0255)
Education

Less than secondary Ref. Ref. Ref.
Secondary −0.0408 (0.0426) −0.0943 ** (0.0426) −0.204 *** (0.0427)

Tertiary 0.237 *** (0.0513) 0.104 ** (0.0514) −0.076 (0.0515)
Income
Low Ref. Ref. Ref.

Medium 0.127 *** (0.0326) 0.133 *** (0.0326) 0.0710 ** (0.0327)
High 0.168 *** (0.0388) 0.183 *** (0.0389) 0.0936 ** (0.0389)

Political beliefs
Left-wing Ref. Ref. Ref.

Right-wing −0.0373 *** (0.00552) −0.0195 *** (0.00553) −0.0202 *** (0.00552)
Settlement type

Rural area Ref. Ref. Ref.
Urban area 0.0443 * (0.0257) 0.0240 (0.0257) 0.0295 (0.0257)

Country FE Yes Yes Yes
Socio-economic FE Yes Yes Yes

N 20666 20666 20666
Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01.

The coefficient for the variable capturing the degree of concern exhibited by respon-
dents is significant and very sizeable, suggesting a positive correlation between one worry
about climate change and their belief in reducing energy consumption to mitigate it. At the
same time, including the worry variable appears to change some of the previously reached
conclusions. First of all, the effect of schooling becomes more multifaceted. Rather than
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simply predicting a higher level of support for energy reduction measures, it appears that
much of tertiary education’s impact relates to a different attitude towards climate concerns.
This can be seen by the fact that the coefficient for higher education shrinks considerably,
while secondary education becomes significant but negative.

By including the perception of private responsibility in addressing climate change, this
effect on education becomes even stronger, with a barely significant, small positive effect
of tertiary education and a much stronger and significant reduction in support for energy
reduction for respondents with only secondary education. Moreover, another important
shift is seen concerning income, for which the size of coefficients becomes much smaller
across all levels. Lastly, the introduction of the responsibility variable has also reduced the
effect of the variable capturing the round of observation, for which the coefficient becomes
less than half its original magnitude. This suggests that a great deal of the observed
improvement in attitudes towards energy reduction can be attributed to climate change
perception, specifically a change in the perceived responsibility in addressing its problems.

4.4. Regional Heterogeneities in the Effects of Socioeconomic Predictors

Looking at the picture we presented, we observed that some predictors bear consistent
significance over the three questions, suggesting that specific socio-demographic character-
istics offer good approximations of the profile of climate change believers who also support
energy consumption reduction to tackle the problem. However, some of these predictors
fail to hold as consistently once we use mediation analysis to understand how climate
attitudes may explain attitudes towards energy reduction.

To better understand whether more complex dynamics across coefficients are hidden
underneath the surface of our sample of countries, we need to look at potential regional
heterogeneities in the patterns of significance. Drawing on the literature on the topic, we
divide European countries into two groups: Central and Eastern European countries and
the rest of Europe. We present the results from these separate regressions in Table 5.

Table 5. Regression on energy efficacy mediated by climate worry and climate responsibility, by
geographic region.

(1) (2) (3) (4) (5) (6)
Energy Efficacy

Item
Eastern Europe

Energy Efficacy
Item

Eastern Europe

Energy Efficacy
Item

Eastern Europe

Energy Efficacy
Item

Rest of Europe

Energy Efficacy
Item

Rest of Europe

Energy Efficacy
Item

Rest of Europe

Mediating factors
Climate worry 0.501 *** (0.0227) 0.236 *** (0.0242) 0.551 *** (0.0193) 0.259 *** (0.0214)

Climate responsibility 0.303 *** (0.00931) 0.284 *** (0.00877)

ESS Round
Round 8 (2016) Ref. Ref. Ref. Ref. Ref. Ref.
Round 10 (2020) 0.433 *** (0.0460) 0.309 *** (0.0462) 0.047 (0.0470) 0.266 *** (0.0382) 0.209 *** (0.0383) 0.117 *** (0.0383)

Gender
Male Ref. Ref. Ref. Ref. Ref. Ref.

Female 0.201 *** (0.0412) 0.110 *** (0.0415) 0.051 (0.0418) 0.230 *** (0.0323) 0.204 *** (0.0324) 0.203 *** (0.0325)
Education

Less than secondary Ref. Ref. Ref. Ref. Ref. Ref.
Secondary 0.0276 (0.141) 0.122 (0.143) −0.0178 (0.145) −0.0554 (0.0521) −0.111 ** (0.0521) −0.237 *** (0.0525)

Tertiary 0.158 (0.148) 0.214 (0.151) −0.0480 (0.152) 0.241 *** (0.0637) 0.101 (0.0639) −0.0884 (0.0642)
Income
Low Ref. Ref. Ref. Ref. Ref. Ref.

Medium 0.0276 (0.141) 0.122 (0.143) −0.0178 (0.145) −0.0554 (0.0521) −0.111 ** (0.0521) −0.237 *** (0.0525)
High 0.158 (0.148) 0.214 (0.151) −0.0480 (0.152) 0.241 *** (0.0637) 0.101 (0.0639) −0.0884 (0.0642)

Political beliefs
Left-wing Ref. Ref. Ref. Ref. Ref. Ref.

Right-wing −0.001 (0.009) 0.00863 (0.00898) −0.0132 (0.00902) −0.0423 *** (0.00705) −0.0235 *** (0.00705) −0.0181 ** (0.00706)
Settlement type

Rural area Ref. Ref. Ref. Ref. Ref. Ref.
Urban area 0.001 (0.0430) 0.004 (0.0431) 0.0295 (0.0432) 0.0489 (0.0326) 0.0257 (0.0326) 0.0297 (0.0327)

Country FE Yes Yes Yes Yes Yes Yes
Socio-economic FE Yes Yes Yes Yes Yes Yes

N 7907 7907 7859 12,759 12,759 12,710

Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01.

First, looking at the first and fourth columns, we can observe apparent differences
in how predictors influence attitudes towards energy reduction. Most notably, income
and education are insignificant for Central and Eastern European countries. Right-wing
associations also appear to be a non-meaningful predictor of the outcome in these regions,
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while they have a stronger effect in the rest of the continent. Instead, the round variable
for the rest of Europe is much lower than for Central and Eastern Europe, suggesting that
perhaps they are experiencing a much faster increase in beliefs for energy reduction than
the other countries.

However, including the two variables capturing attitudes towards climate change
tells a different story. These appear to have comparable size and significance across the
two areas, positively correlating with the outcome studied. That said, it appears that the
responsibility variable, when introduced for CEE countries, renders the variable for the
round of observation insignificant. Surprisingly, that is the case for respondents’ gender, so
there appears to be no significant difference between men and women in their opinions
towards curbing energy consumption once we account for their perceived responsibility to-
wards climate change. The analysis suggests that, despite growing much faster throughout
the observation, Central and Eastern European countries did not experience a systematic
improvement in the perceived effectiveness of energy reduction measures.

5. Discussion
The prior analysis allowed us to understand the importance of several socio-demographic

predictors in explaining the attitudes towards climate change and energy reduction.
A relatively coherent picture of the situation can be gathered from the first two

regressions on the worry about climate change and the feeling of personal responsibility
in addressing the threat it represents. Coherently with the literature, we see that females
and better educated and politically left-leaning people are more likely to show greater
concern for the climate and have a stronger perceived duty to act to mitigate its negative
consequences. The existence of the gender gap, also in light of previous results finding
contrasting evidence on this topic [54], seems to reinforce the idea that women as caregivers
are naturally more prone to care about others, which is further reinforced by the fact
that they appear to be more likely to shift to the left of the political spectrum as material
conditions improve [17]. The non-linear effect of age on climate beliefs matches the results
from Arıkan and Gunay [18] and supports the idea of a curvilinear relationship between
the two variables. Similarly, being a student, too sick to work, or unemployed to a lesser
degree reinforces the likelihood of holding progressive beliefs on climate change. Instead,
less concerned respondents tend to be male, less educated, and politically right-wing.
Interestingly, specific socio-demographic markers, such as being born abroad, increase
the likelihood of a high score across both dimensions. This may be the case because they
correlate with a general disposition to be more progressive, promoting worry and perceived
responsibility towards climate change.

However, not all predictors carry over from one regression to the other. Income only
seems to meaningfully impact perceived responsibility, while that is not the case for worry
about climate change.

The results in the third regression, designed to capture what the literature calls “collec-
tive efficacy”, share some similarities with the attitudes towards climate change. Supporters
of the efficacy of energy reduction share some traits with more environmentally friendly
respondents: they tend to be women, politically left-leaning, and with higher levels of
schooling. However, significant divergences in patterns suggest that believing in the ur-
gency of a problem and the importance of our intervention is mainly different from the
effectiveness of one specific solution to tackle it. For instance, age seems to have an opposite
effect on faith for energy reduction measures, while secondary education has no predictive
power despite being a clear predictor of climate change awareness. Conversely, income only
matters for personal responsibility and energy demand reduction support, not for personal
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worry. Finally, other predictors, such as marital, employment, and immigration status,
display very weak patterns of significance regarding attitudes towards energy reduction.

6. Conclusions
Perhaps the greatest lesson we can draw from the study is the need to distinguish

between these three concepts, which come together to shape the willingness to support
and act to reduce private energy consumption. Firstly, people may not be personally
concerned with the consequences of climate change, as they may think it is a natural
phenomenon that does not appear to threaten their current way of life. Secondly, it may
be that, despite their worry about the planet’s future, they are not convinced about their
own personal responsibility to reduce environmental damage, as they may acknowledge
their efforts to reduce their carbon footprint (e.g., recycling, taking public transport) are
sufficient. Lastly, people may distrust energy demand reduction as an effective solution to
the problem. Arguments can be made that, while essential to the goal, private efforts to
reduce environmental harm are neither sufficient nor central to addressing the problem.
Instead, the main culprits are the insufficient taxation and regulations on big corporations
and their polluting activities, the failure of international negotiations on environmental
treaties, and the lack of effective green financial markets. Campaigns to reduce energy
consumption may be perceived as trying to guilt private citizens into reducing essential
energy consumption, so supporters of this view advocate for governmental action. Studies
on the topic should acknowledge the complementarity of these three steps in allowing
private actions to be meaningfully undertaken while also recognizing the unique predictors
that influence each of those differences.

A second key result from the study is that overall attitudes towards climate change
and energy reduction measures have improved over the years. To better understand how
they interact, we used mediation analysis to observe how climate worry and personal
responsibility shape the perception of private energy demand. The main takeaway is that a
large part of the improvement in energy reduction support is due to an increased belief
in the threat of climate change, as the two variables bear a largely positive and significant
correlation with the outcome. Specifically, the role of personal responsibility in addressing
it explains a sizeable portion of why respondents in 2020 tend to be more favorable to
energy reduction measures than in 2016.

Following the literature, we also analyze Central and Eastern European countries
separately from the rest, as they seem to display relevant differences in attitudes. Indeed,
education, income, and right-wing political affiliation only seem to matter as a predictor
outside of former socialist state countries. These results are broadly consistent with find-
ings from Poortinga et al. [26], which find smaller effects of predictors on climate change
perception and extend them to energy reduction. Most importantly, once we introduce cli-
mate change measures, the variable capturing the round of observation turns insignificant,
meaning that CEE countries do not experience an independent improvement of attitudes
towards energy reduction measures, something we observe instead for the rest of Europe.

This study provides new evidence that society is becoming more aware of the threat of
climate change and is embracing a favorable view towards energy demand reduction as a
practical solution. Since data were collected before the beginning of the recent energy crisis,
the economic convenience of reducing energy consumption may increase even further
over the following years. It is puzzling that former state socialist countries do not show
any improvements in the perceived effectiveness of energy reduction measures outside
of their stronger beliefs in climate change beliefs. Further research on the topic should be
carried out to ensure that the observed positive trends will be long-lasting. In addition,
future research agenda should also investigate different beliefs of individuals for different
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energy sources. Indeed, the effort towards a reduction in energy consumption has to be
supported for those sources of energy that produce negative externalities such as carbon
emissions, but different strategies for obtaining energy may be considered. In order to
provide a development and a further step with respect to the conclusions of the present
studies, different data should be analyzed to address the attitudes of European people
towards alternatives to the traditional carbon-based sources of energy.
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