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Abstract: Urbanization and climate change are requiring cities to find novel pathways to a sustainable
future, and therefore the urban context may accelerate the conversion to a circular economy.
In this sense, climate change is a considerable threat to the environment, affecting both human
and natural systems, and in this context individuals have a very important role. Therefore, the paper
aims to investigate, on the one hand, what determines people to undertake specific actions in fighting
climate change and, on the other hand, what determines some people to engage in adopting multiple
actions exhibiting extra mitigation behaviour compared to others, paving the way to an urban circular
economy. In order to do that, multilevel logistic regression analysis using hierarchical data (individuals
grouped in counties), reflecting group variability and group-level characteristics effects on outcomes
at individual level has been applied. Special attention was given to modernisation thesis validation,
stipulating that citizens from more developed and modernized countries are expected to manifest a
higher level of extra mitigation compared to inhabitants of less-modernized nations. The empirical
results revealed the positive association of pro-environmental factors, socio-demographic and
economic factors with both specific and extra mitigation behaviour in fighting climate change.
An important finding of the empirical research highlighted the validation of the modernisation thesis,
even if partially, and the reinforcement of the modernisation thesis impact on the extra mitigation
behaviour determined by the urban area segmentation. The extra commitment behaviour reflected by
citizens’ multiple actions in fighting climate change ensures progress to a circular economy through
its contribution to waste reduction, eco-shopping increase, on eco-friendly transportation increase
or domestic energy reduction. We believe that a shift in citizens’ attitude towards climate change
is needed, taking into account that a lot must be done” to effectively respond to climate change,
paving the way for the circular economy.

Keywords: circular economy; urbanization and climate change; multilevel logistic regression; citizens;
extra mitigation behavior; EU member states

1. Introduction

In the context of urbanization and excessive pollution, on the path to achieving sustainable
development, the principles of circular economy become increasingly important and also necessary.
The circular economy implies material reducing, reusing, remanufacturing and recycling, but the
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transition is not possible without including environmental considerations, such as climate change.
Potential synergies between circular material use, climate change mitigation and the halting of
biodiversity loss are increasingly recognized [1].

Urbanization and climate change are determining cities to find novel pathways in order to lead to
a sustainable future, therefore the urban context may precipitate the conversion to a circular economy.
In this sense, climate change is a considerable danger to the environment, affecting both human and
natural systems [2], and in this context individuals have a very important role [3].

Climate change needs to be mitigated, requiring a change in personal behavior, from levels of
action or limited action to broader and higher levels of behavioural involvement [4]. A further way of
tackling climate change is represented by the adoption of auxiliary actions leading to a higher level of
engagement in climate change mitigation going beyond what most people do [5].

Cities represent the link to circular development, the city administrations being able to specify
and inform a circular vision and strategy. Cities can provide opportunities for accessing, purchasing,
promoting and stimulating circular solutions.

The movement to a circular economy is not easy, particularly for companies in which all the
operations are deeply subordinated to the linear approach, production processes must first be
transformed from linear to circular [6] and, accordingly, the implications of such a transformation
refers to changes of processes, additional investments, modifications in equipment and production,
shifts in raw materials, as well as personnel re-training with consequences on extensive value chain.

The current model of wasting resources involves depleting the natural capital of the Earth,
generating irrevocable and alarming effects on both environment and climate.

Climate change is a serious environmental challenge, the reduction of greenhouse gas (GHG)
emissions representing an important target that can be acquired only by the involvement in
actions targeting the increase of resource efficiency, prolonging the lifecycle of buildings and goods,
enhancement of recycling and reuse together with a decline in primary raw materials [1].

Therefore, the main objective of the research is two-fold: on the one hand to enhance understanding
of the main environmental, socio-demographic and economic determinants of citizens’ specific actions
to mitigate climate change and, on the other hand, to investigate factors related to a higher level of
extra commitment in fighting climate change in an urban context.

Thus, the paper aims to answer to the following main question: “What determines some people
engaging in adopting multiple actions exhibiting extra mitigation behaviour compared to others?”
Finding a reliable respond to this question will also provide solutions that will help stakeholders to
make the transition to an urban circular economy.

More in depth, the research aims also to respond to specific research questions through the results
provided by the multilevel approach: what are the main characteristics of pro-environmental behaviour
associated to an increased level of engagement in adopting specific actions in fighting climate change as well as an
extra mitigation behaviour? What are the main socio-demographic characteristics associated with a higher level
of engagement in adopting specific actions in fighting climate change as well as an extra mitigation behaviour?
What are the main economic characteristics associated with an increased level of engagement in adopting specific
actions in fighting climate change as well as an extra mitigation behaviour? Is extra mitigation behaviour
to climate change higher in more modernized developed economies? What is the extent of between-country
variation in adopting taking specific actions as well as in developing extra mitigation behaviour in fighting
climate change? Can between-country differences in fighting climate change be explained by differences in
individual characteristics? Does the effect of modernization thesis on the extra mitigation behavior depends on
the segmentation of large town vs. small or medium town?

In order to mitigate climate change and also to pave the way to circular economy, the role of
citizens is fundamental and a shift in personal behaviour is required. In combating climate change,
the actions need to cover multiple measures and to target the implications of the main actors—local
governments, business sector, civic society, environmental organisations and European institutions.
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In the paper, the focus is on the role of citizens, the personal mitigation behaviour referring to voluntary
behavioural responses to climate change.

The article makes its contribution to the literature in the following four ways. Firstly, it investigates
factors related to specific actions made by citizens to combat climate change, revealing the main
individual determinants that could lead citizens to make a certain action by the analysis of 13
self-reported actions, revealing also how the actions taken to combat climate change could support the
shift to a circular economy.

Secondly, the study investigates factors related to citizens’ profile characteristics leading them to
adopt specific actions to address climate change, highlighting the differences among individual actions.

Thirdly, the study explores the individual extra mitigation behaviour in fighting climate change,
analysing the individual behaviour in terms of cumulative actions, taking into account that according
to Ortega et al. [5], a lot must be done to effectively address climate change. More in depth, the research
examines the between-country variations related to both citizens’ actions in tackling climate change,
as well as an extra engagement level in combating climate change using a staged multi-level logistic
regression model based on hierarchical data (individuals within countries). The utility of this category
of models have been acknowledged also by Ortega-Egea [5] who mentioned that multilevel models are
the most appropriate in tackling environmental researches.

In particular, the research makes a contribution to climate change research by testing the
modernization thesis according to which an extra mitigation behavior for climate change is higher
in more modernized developed economies, highlighting also how a broader and greater level of
commitment can pave the way to a circular economy.

Fourthly, for exploring country discrepancies in both specific and extra mitigation behaviour to
fight climate change, the dataset of the recent Eurobarometer 91.3 Rule of law and climate change
has been used [7], having the advantage of using the most recent large-scale survey conducted at the
end of 2019. In such a way, the study contributes to the research field through an advance of current
understanding of climate change extra mitigation behaviour reinforcing also the main implications for
supporting the shift to a circular economy. The main results of the research represent a useful tool
mainly for policy-makers that need to focus on expanding the engagement level in tackling climate
change both among citizens and across countries.

The paper is organized as follows. The Section entitled “Literature review” offers an overview of
the most proper studies regarding climate change mitigation and its implications for the transition to a
circular economy. Section 3 offers additional information about the data used in the analysis providing
also a brief description of the methodology used within the paper. Section 4 is divided into five main
sub-sections presents the descriptive profile of the respondents, a brief analysis of climate change
mitigation actions among European Union (EU) countries and also the sub-sections of multilevel
models results, summary of findings in relation to specific mitigation and extra mitigation behaviour
and discussions in relation to the man findings. The paper ends with concluding remarks and also by
highlighting limitations and recommendations for further study.

2. Literature Review

The circular economy emerged as a response to maximize the reuse of assets and products and
minimize their depreciation [8] becoming the driving force of sustainable land development, aiming to
maximize resource efficiency together with impact reduction on environment [9].

The circular economy put together four main actions: reduce, reuse and recycle and remanufacture
of materials in the processes of production, distribution and consumption [10,11]. The circular economy
relies mainly on resource and environmental efficiency, aiming to provide key measures that will
assure the transition to a greener and more sustainable economy [12].

Korhonen et al. [13] define the circular economy as an approach aiming to fight against
environmental challenges and encourage sustainable development, reducing both the input of virgin
materials and waste production by closing the economic and ecological curves of resource courses [14].
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The circular economy achieve optimal production by simultaneously minimizing the use of natural
resources, minimizing waste by reusing production, and minimizing pollution by recycling and
restoring industrial unnecessary waste [15].

The circular path is more than just a recycling and environmental issue, it represents a new
approach to thinking about how to grow and develop without resorting only to spending resources [16],
but reusing them. Reuse supports resource efficiency, reducing air, water and soil pollution during the
lifecycle of the product [17]. In this context, circular economy can play the fundamental role of driving
force, strongly supporting the attainment of Sustainable Development Goals [18].

There are many definitions for climate change in the literature, but the most prominent has been
provided by the Ellen MacArthur Foundation [19], according to which circular economy represents an
industrial system designed and intended to be restorative or regenerative, replacing restoration with
transition to renewable energy usage. This excludes the use of toxic chemicals, which impair reuse,
and eliminate waste [20,21].

The circular economy represents a model of generating and waste, involving the distribution,
rental, reusing, repair, reconditioning and recycling of materials and products as long as possible,
aiming also to increase the product lifecycle.

Therefore, the circular economy has 3 dimensions:

sustainable food system that can lead to improved efficiency, solving logistical problems and protecting
food security in the agricultural sector;
resource management and waste optimization that can improve the waste-recycling process;
reducing pollution that has raised awareness about polluted cities and the associated health risks [22].

The circular economy relies on three major principles: waste and pollution reduction, preserve
using products and materials; reestablishing natural systems [19].

The transition to a circular economy implies targeted changes implying all three actors: civic society,
governments and business sector, with consequences on different subsystems: energy, logistics and
financial subsystems and clear guidance and monitoring [23]. The circular economy involves both public
actors responsible for sustainable development and planning, as well as businesses seeking economic,
social and environmental results and society that should ask itself about its real needs [24].

The urban population is constantly growing, so cities must meet the criteria of sustainability.
UN-HABITAT (2011) [25] reported that urban areas generate 70% of global greenhouse gas emissions
and 50% of global waste [26]. In this sense, measures are being taken in the field of sustainability,
cities and communities being encouraged to apply ingenious strategies to address circularity on urban
scale [27], reducing the breadth of global waste streams and emissions [28].

The model of circular economy implies reusing, reducing, recycling and remanufacturing [29]
(Figure 1), representing sustainable ecological growth by extending the life of products and materials and
reducing waste. The path to circular economy should also include environmental considerations, such
as climate change [30]. The circular model has many environment, climate, social and economic benefits,
one being the mitigation of climate change [1].

In 2019, the World Economic Forum stated that the circular economy could represent an important
tool to avoid climate change [31]. Reducing greenhouse gas emissions in the circular economy is reflected
by increasing resource efficiency, by raising the life of construction and goods, increasing recycle and
reuse, and a complete reduction in using primary raw materials. According to the Committee on
Climate Change (CCC), the transition to a circular economy must be a part of climate change. As part
of Covid-19 recovery plan that prioritizes the climate crisis, the CCC has urged the governments to
hurry the transition to a circular economy, reiterating its call for a ban on biodegradable wastes to
landfill by 2025 [32].

A major global challenge is represented by climate change [33], requiring the international
community to adopt mitigation strategies having as their main target limiting the average increase
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of global temperature [34,35]. Climate change is a major, anthropically caused environmental risk,
with important effects for human and natural systems [36].Energies 2020, 13, x FOR PEER REVIEW 5 of 49 
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Under the Framework Convention on Climate Change, climate change is defined as a climate
modification attributed to human activity, altering the the global atmosphere composition [37].
According to the Intergovernmental Panel on Climate Change, climate change is defined as any
modification regarding climate caused by natural variability or human activity [38].

Climate change is significantly influenced by humans, the main changes occurring in the
atmospheric composition. These are caused by emissions associated with energy consumption,
urbanism and land-use changes, being very important at local and regional level. Although certain
progress have been achieved in the processes of monitoring and exploring climate change, several
scientific, technical and institutional obstacles still have to be overcome in order to design, plan for,
adapt to and mitigate the impact of climate change [39].

Climate change mitigation calls for cooperation both national governments and consumers,
the mitigation effort being concentrated on reducing sources and amplifying greenhouse gas sinks,
requiring concerted efforts of both national and international institutions that take quite a long time [40].
One potential solution for urgent measures is the increase in the level of citizens’ commitment by
adopting voluntary more-sustainable and low-carbon lifestyle alternatives.

Through a higher level of individuals’ engagement, a higher level of receptivity and response to
change messages, emissions from home using up and personal transportation could be significantly
attenuated [41].
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The most important factor causing climate change is excessive energy consumption, so in order
to adopt a new low-carbon paradigm, energy reduction is needed, both on businesses and civil
societies [3]. Even if climate change is generally seen as a global issue and municipal governments have
their local agenda as an important tool to control greenhouse gas emissions, the mitigation behaviour
cannot be improved without the help of state and national policy changes [42].

In this fight against climate change, the contribution of citizens becomes increasingly important [43],
they acquiring the role of agents of change in field of environment [44].

Although the anthropogenic cause of climate change is scientifically proven, people consider
different causes regarding climate change, such as: natural processes, human activities, determining
both risk perception and mitigation behaviour [45].

In industrialized countries, the principal cause of climate change is the lifestyle [41], with high
level of carbon emissions, with households responsible for 20% of total greenhouse gas emissions [46]
and over a quarter of the final energy consumed [47]. Therefore, individuals have a very important
role in the face of climate change [3], either adapting to potential and unavoidable climate impacts, or
decreasing GHG emissions to avoid further damage [48].

The literature is focused on different specific actions undertaken to combat climate change
in relation to the transition to a circular economy, grouped in four main categories: eco-friendly
transportation referring to: low fuel consumption car, electric car, alternatives to car use, travel carbon
footprint considered; domestic energy reduction referring to: insulated home better, low-energy home,
energy efficiency households (EFF HH) appliances, switched energy supplier, energy-saving
equipment home, installed solar panels home; eco-shopping referring to: food carbon footprint
considered; and waste reduction refering to: reduce and separate waste, use less disposable items
(Figure 2).

Previous studies targeted very intensively recycling [17,18], reducing the use of the car and
adopting another means of transport that supports the environment, [22,49] or explaining involvement
in environmental citizenship [19] by various individual factors [12,23–30,50]. The relevance of
pro-environmental behavior has proved its stability over time [11,33] being related to ecological
behavior [34]. Ortega-Egea et al. [5] analysed the main factors related to an extra mitigation behaviour
among individuals, revealing the relevance of gender, age, attitudes, knowledge and political ideology
in combating climate change.

Although most people consider climate change and sustainability to be important issues, too few
citizens are taking action to stop the growing flow of greenhouse gases and other related issues. This is
due to adverse climate infrastructure, and psychological barriers such as: limited knowledge of the issue,
ideological conceptions of the world that tend to deter a pro-environmental habit, comparisons with
other key people, low costs and time of behavior, discrediting of experts and authorities, perceived
risks of change [51].

The models tested in the research propose that environmental factors, socio-demographics and
modernisation theory-related factors enhance understanding of citizens’ specific actions to mitigate
climate change as well as the extra mitigation behavior in fighting climate change in urban context.

The literature review is structured on the four main factors related to climate change mitigation:
environmental factors, demographics factors, socio-economic factors and state-level factors.
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2.1. Perceived Importance of Climate Change

The pro-environmental and climate change motivated behavior has been analyzed in the
literature [52–63]. The concept of global environmentalism [63–65] emerged as a consequence
of environmental degradation, joint with pro-environmental actions in wealthy and developing
countries [66,67]. The globalization hypothesis was debated in specialized studies [67,68],
with some studies [51,54,57–59,68,69] supporting the country significant differences regarding public
environmental concern and protection, including climate change mitigation efforts [62].

People do not take any action to mitigate climate change because they do not believe that climate
is changing and, if it does, they deny the involvement of human activity [70–73]. According to Tranter
and Booth [74], the proportion of climate sceptics was around one-fifth of the interviewed respondents
from the dataset of the 2010 International Social Survey Programme, while according to the World
Values Survey, the proportion of sceptics is even lower, the general perception being as “very serious”
issue [75,76]. The results of 2017 Pew Global Attitudes and Trends survey [77] revealed that almost
61% of respondents from 38 countries acknowledged that climate change is a “major threat” in case of
their country and only 23% of them consider climate change a “minor threat”.

People’s opinion about climate change is influenced by the position of scientists on this issue, the
disagreement of scientists on global warming leads to the new indivisibility to global warming and
can be reduced for climate policy [78].

Some people do not believe in climate change, in its anthropogenic character and its importance to
humans and nature [67,68,74,79,80]. They are climate skeptics and represent at most one-fifth
of respondents to the 2010 International Social Survey Program [74], being more prevalent in
Anglo-American countries, especially in the United States [81,82]; however, they represent a
declining minority [83–85]. Therefore, most people consider climate change to be anthropogenic, real,
and costly [86].
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2.2. Climate Change Perceived Responsibility

In the context of climate change, responsibility is the obligation of people to achieve their
goal of protecting the environment [87]. Regarding how individuals respond to climate change,
four typologies can be identified—community, systemic, skeptical and economist; most of them
claiming that individuals act based on their perceived responsibility regarding climate change.
It is worth mentioning that under these circumstances, behavioural change is seen as an optimal
combination of living standards, knowledge of the causes and climate change contributions and
harmful emissions intensity, involving actions of individuals as voters and consumers [88].

Responsibility in the case of climate change is also attributed to state institutions, governments
and churches taking action so as to reduce dependence on carbon-based energy sources [89,90].

2.3. The Perceived Importance of Climate Actions

The perceived importance in the case of climate change is influenced by environmental position
and climate change knowledge, the relationship being mediated by risk perception [91].

Bockarjova and Steg [92] highlighted that measures to combat climate change are associated
with health, including quitting smoking or promoting exercise, and changing behavior patterns. In
this context, Bergantino and Catalano [93] consider that age, sex, employment status and the number
of young children significantly influence the psychological profiles of respondents.

For civil societies fighting against climate change it is very important that citizens are well informed
and know about this problem [94]. In this regard, informational efforts have been made to encourage
public and voluntary involvement in climate change mitigation actions [95,96]. Other measures
that have led to public awareness and preoccupation about climate change are economic incentives,
subsidies and related interventions [97].

2.3.1. Gender

Pro-environmental behavior is influenced by gender, with women being more likely to take action
to combat climate change [98,99]. Women are more likely to work for the environment in response
to climate change by reducing waste and saving energy during the day [55,100]. Other studies have
highlighted the greater concern and involvement of women about the environment compared to
men [98,101,102]. Ortega-Egea [5] found evidence although weakly that female gender was more
inclined to develop an extra mitigation behavior to address climate change.

In some areas, climate policies are insensitive to gender issues and do not take into account the
fact that some adaptation actions may be less available for certain groups of women, such as the head
of the household [103]. Countries whose development policies aim at the stability of the system by
strengthening the status quo, neglects the differentiated vulnerability, adaptability, existing cultural,
institutional and political factors of inequality [104].

2.3.2. Age

Environmental behavior is most influenced by age, with young people being those most concerned
about climate change [105]. Most studies have found that age is inversely correlated with attitudes
and concerns about the environment, with young people being more concerned about climate
change [3,106,107], perceiving the seriousness of climate change more acutely [108]. Other studies have
highlighted the negative, positive or insignificant link between age and environmental behaviour [48,98].
An important result has been obtained by the study of Ortega-Egea [5] indicating an inverted U-shaped
relationship between age and individual level of engagement, citizens aged between 45–56 years old
tend to be more inclined to exhibit an extra mitigation by way of acting.
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2.3.3. Education

Women, people with a lower level of education, middle-aged, with higher household incomes are
more skeptical about the existence of climate change [109]. Many studies have shown a direct correlation
between the level of education and environmental behavior [5,98,110], individuals with a high level
of education are informed, concerned and involved in pro-environmental activities [98,107,111,112],
undertaking actions to mitigate climate change [2,3,41]. Ortega-Egea [5] proved that there is a appositive
association between education and extra mitigation behavior.

2.3.4. Marital Status (Children)

Marital status is an important characteristic, particularly in the case of women, that affects the
social relationships [113]. Gender intersects with marital status, being discursively produced [109,114]
and manifested in the concrete actions of women and men [115].

Chant [116] argues that women from households formed exclusively by women face poverty and
vulnerability differently to women from mixed households formed by women and men. While women
in households formed exclusively by women often have to deal with the problem of limited resources,
women from mixed households have less access and control over household assets.

Englert [117] highlighted that unmarried, divorced and widowed women have more freedom to
buy land or take action, marital status having an important role, and in the case of married women their
actions depend on the nature of their relationship with the husband. The marital status significantly
influences climate change initiatives, mainly for women, and this results has been supported by the
study of KatrienVan and Holvoet [103].

2.3.5. Occupation

Confidence in the environment, awareness of the main implications of climate change, high income,
employment and old age have led to support for climate change policy [112]. Employment status has
no effect on environmental concern [118], a higher remuneration is associated with an increase in the
level of pro-environmental engagement [119].

2.3.6. Difficulties Paying Bills

Some people find it difficult to manage risky events related to climate change, lack of cash, credit,
land, networks, education, or time to adapt [120,121], leading to a lack of involvement in actions related to
environmental protection. Significant linkage between household income and standard socio-demographic
characteristics and environmental quality concerns has been demonstrated [122,123].

For this particular case, poor people or migrants tend to be the most vulnerable [124]. Regarding
income, the evidence is inconclusive, the actions pro-environment is unrelated to income, according to
Domene and Sauri [125] and positively correlated, according to Renwick and Archibald [126].

2.3.7. Urban Area

Taking account of the high level of population concentration in cities, these consume three-quarters
of global energy consumption and greenhouse gas emissions [127]. That’s why cities are fighting to
mitigate climate change by implementing low-carbon development strategies [128]. Cities involve
wealth and innovation, with resources and tools necessary to combat climate change [129].

Intercultural analyses of climate change and environmental protection behavior have attracted
increasing attention recently [52–54], highlighting variations in environmental concerns and public
protection at the regional level [55,58,69,102], including efforts to mitigate climate change [60]: coastal
or riverine regions are strongly unprotected and thus vulnerable in facing climate change impact [130],
which poses a huge pressure on urban infrastructure, the lives of urban citizens and the entire
urban system.
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Climate change mitigation is more likely in large cities than smaller cities [131], most often the
focus being on energy policy, air quality and GHG emissions.

2.3.8. Political Ideology

Another important variable that influences environmental behavior is political ideology [48,
64,88,99,110,112,132], and people with left-center political visions are more concerned and have
significant environmental attitudes and behavior [96,112,113,133]. Political ideology has clear
relationships with beliefs about climate change [134,135], and conservatives and right-wing
citizens have low beliefs about climate change [136], being more skeptical on this issue [46].
The explanation is that conservatives have strong tendencies to justify the system, denying issues
that threaten the functioning of the system, including climate change [137]. Important results have
been provided by the study of Ortega-Egea et al. [5] who have proved that individual having a
leftist/liberal political orientation were more likely to engage in extra mitigation behavior compared to
right-wing/pro-environmental respondents.

2.3.9. Political Interest Index

Citizens’ beliefs directly influenced their implication in the public policy and have not been
the subject of many researches, as there are few studies in the literature on this connection [138].
Political distrust is more prevalent in countries with more corruption [86]. People who trust politics
support environmental protection policies [72,139,140], and countries that register a high level of political
trust are more inclined to spend for environmental protection [141]. In developed countries there is a
tendency to diminish political trust [142], this being considered the reason for the low involvement of
citizens in actions aimed at improving the common good [143]. On environmental issues, people do
not trust governments, businesses, industry, and experts, and hold them accountable for controlling
environmental risks [36].

According to the results of Fairbrother et al. [86], supported at the level of 23 European countries,
higher political trust was related to a higher level of support in adopting fossil fuel taxes among
individuals believing in the importance and awareness of climate change.

2.3.10. Modernisation Theory-Related Factors

The existent differences in pro-environmental beliefs are for sure related to the existent differences
in wealth modernisation level [54,60,68], stating that citizens from richer nations grant a higher level of
importance to all environmental targets compared with those from pooper countries. The environmental
awareness is positively correlated with wealth [67], and negatively correlated with work [64,67,68] in
poorer countries, generally the environment related issues are subjects of public concern. For individuals
in rich countries, the general perception is that climate change is a fundamental issue and in consequence
it is not ranked as a highly dangerous threat, leading to maladaptation to climate change [144].

Individuals of richer countries have this perception about climate change to be a fundamental
issue and consequently this could lead to maladaptation to climate change [144–146].

Since greenhouse gas emissions significantly influence climate change, modernization theory
and world economy theory [147] have been investigated, empirical results confirming both theories.
The IPCC WGII [148] proved that the main factors of influence in the climate change adaption are the
access to economic and natural resources as well as institutions and governance.

Well-being is very important in climate change mitigation, and human need and quality of life
interferes with energy and resources usage within society [149–151]. Adua et al. [152] drew attention
that the modern communities need to be redesigned if the target is to attenuate the environmental
crisis [153] still registering economic growth. Between technological innovations indicators and CO2

emissions was registered a negative relationship, with technological innovation being very important
in diminishing human impacts on the environment.
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Digitalization foster climate-friendly urban environments [154] being considered a stepping stone
for the global economy [155].

ICTs (Information and Communication Technologies) brings a contribution to climate change
mitigation through the access to relevant information, increasing concerns and making possible the
enhancing of learning and knowledge [156]. Individuals who exhibit a higher level of information
using diverse and multiple sources of information, [157] have also a different level of environmental
issues’ perception, including climate change.

In order to mitigate and adapt to climate change, digital technologies are very important,
with information and communications technologies leading to cities climate action. Involving citizens
and making possible their participation in city programs with appealing digital technology are very
important for climate action [158]. Exploring similarities in environmental protection and climate
change mitigation among Norway’s voters, Kullberg and Aardal [159] revealed that those in favor of
environmental protection and climate change mitigation possess rather a libertarian way of thinking
compared with climate-only supporters who exhibit an authoritarian belief. The governmental policy
related to climate change put in the first place mitigation instead of adaptation [160], taking into account
on the one hand the main benefits of mitigation [161] as well as other factors such as savings, energy
security or the importance of reducing emissions [162–166]. Governments significantly influence
environmental issues, and can intervene politically through taxes related to the damage caused to the
environment. Thus, polluters pay for each environmentally harmful action, discouraging pollution
and encouraging companies to find and implement new technologies and production processes that
affect the environment as little as possible [167,168].

Taking into account all these, the present research represents, to our knowledge, the first study
exploring the specific mitigation behavior of climate change through the analysis of 13 types of personal
actions and their determinants, as well as one of the few studies exploring the extra mitigation behavior
determinants in a more comprehensive way.

Acknowledging the important role of personal behaviour in tackling climate change from different
perspectives, supporting the shift to a circular economy, the following hypotheses have been formalised
in order to highlight the main factors related to the level of citizens’ specific mitigation and extra
mitigation behaviour:

Hypothesis 1. (H1). An increase in pro-environmental behaviour is associated with a higher level of engagement
in adopting specific actions in fighting climate change as well as with a higher level of extra mitigation behaviour,
supporting the switch to a circular economy.

Hypothesis 2. (H2). Individuals with the following socio-demographics characteristics (female, from 55–64
age group, married with children, with a higher level of education, self-employed, with a left- center political
ideology and a higher level of political interest) are more inclined to engage in specific actions in fighting
climate change as well as to exhibit a higher level of extra mitigation behaviour, supporting the transition to a
circular economy.

Hypothesis 3. (H3). Citizens from small or medium towns, without facing any difficulties in paying their
bills and living in Western Europe or Nordic nations are more likely to engage in specific actions in fighting
climate change as well as to exhibit a higher level of extra mitigation behaviour, supporting the transition to a
circular economy.

Hypothesis 4. (H4). Citizens from more developed and modernized countries are more likely to exhibit a higher
level of extra mitigation behaviour, supporting the transition to a circular economy through the multiple actions
undertaken.
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3. Data and Methodology

3.1. Data

The empirical analysis relied on the cross-national dataset “Eurobarometer 91.3/2019-Rule of
law and climate change” [7] aiming to reveal the attitudes and behaviour of European citizens’
towards climate change, data collection being between 9 and 26 April 2019. The survey covers the
resident population of all European Union member states aged 15 years and over. A multi-stage,
random (probability) sample has been used in all countries, and a total of 27,655 individuals were
interviewed face-to-face, from which 18,529 individuals were from urban areas. The questionnaire treats
among others, the assessment of climate change importance; responsible actors for tackling climate
change, detailing here the role of national governments, international institutions, local authorities,
environmental agencies, citizens or business sector; the importance of climate change actions leading
to innovation; with a detailed presentation of personal actions undertaken to combat climate change,
being presented in the reports of European Commission [169,170]. The Data Archive for the Social
Sciences provides access to the Eurobarometer data [7]. The outcomes of our research have been
analysed from two points of view—as individual actions to mitigate climate change as well as extra
mitigation behavior through multiple actions taken.

Individual mitigation behavior, was quantified by specific climate change actions taken by individuals
in the last six months coded on a binary nominal scale (1—yes, 0—no) from a set of 13 self-reported
mitigation actions related to four environmental area of personal action:

- eco-friendly transportation refereeing to: low fuel consumption car, electric car, alternatives to car
use, travel carbon footprint considered;

- domestic energy reduction refereeing to: insulated home better, low-energy home, energy EFF HH
appliances, switched energy supplier, energy saving equipment home, installed solar panels home;

- eco-shopping refereeing to: food carbon footprint considered;
- waste reduction refereeing to: reduce and separate waste, use less disposable items.

Multiple actions taken to combat climate change have been considered, building several binary
nominal scale variables (1—yes, 0—no): for at least one action, at least two actions; at least three actions;
at least four actions; at least five actions; six actions and more, differencing between common behavior
and extra behavior.

As extra mitigation behavior, based on the distribution of the number of actions at individual level,
we have considered at least five actions as being a broader and greater level of personal engagement.

Climate change related explanatory variables considered in the analysis were as follows:
Perceived importance of climate change was initially rated on a scale from 1 to 10, from 1- not at all

a serious problem to 10- an extremely serious problem, and this has been transformed into a three
point categories variable where 1- not a serious problem, 2- a fairly serious problem and 3- a very
serious problem.

Climate change perceived responsibility has been rated on the report of binary nominal scale (1-yes,
0-no) coding the responsibility of national governments, European Union, local authorities, business
sector citizens and environmental agencies.

The perceived importance of climate change actions was captured through the statement “Fighting
climate change will lead to innovation making companies more competitive” initially rated on
four-point scales from 1 to 4, from 1- totally agree and 4- totally disagree, and then transformed into a
dummy variable coded 1-agree and 0-disagree.

Individual-level demographics considered in the analysis were as follows:
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these circumstances, the Social Progress Index (SPI) rigorously measures country performance on 

many aspects of social and environmental performance, including a component of environmental 

quality. Therefore, a positive sign is expected, a higher level of SPI leads to a higher level of 

engagement in climate change mitigation. 

The Happy Planet Index (HPI) reflects sustainable wellbeing for all individuals, quantifying the 

process of achieving a long, happy, sustainable lives, and puts together four dimensions: wellbeing, 

life expectancy, inequality of outcomes and ecological footprint, in order to quantify how citizens of 

different countries are using environmental resources to lead long, happy lives. Therefore, the 

expected sign is a positive one, a higher level of the index, a higher level of engagement in mitigating 

climate change. 

Two proxies for digital usage and access have been taken into account—individuals’ level of 
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Region is quantified 1 for East-Central Europe 2 for Western Europe 3 for Southern Europe and
4 for Nordic Nations Political ideology is an ordinal variable with 1 = left/liberal; 2 = centre;
and 3 = right/conservative.
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Political interest index was rated on four-point scale from value 1-strong, value 2–medium, value
3-low, value 4 –not at all.

Country-level variables. In accordance with the second objective of our research, we aims to
investigate what are the main factors leading to an extra commitment in fighting climate change.
In this context, the research aims to test the validity of modernization thesis according to
which respondents from more developed and modernized nations are more involved in all
environmental-related issues, allowing a relevant importance to this matter of combating climate
change compared to citizens of less-modernized nations. In order to test this hypothesis, the following
variables have been used:
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The GDP per capita in Purchasing Power Standards (PPS) is used as proxy for the level of economic
development and the expected sign is a positive one, respondents from wealthier EU-28 countries
are expected to be more active and involved in supporting the process of diminishing this danger of
climate change than citizens of poorer nations.

According to the HDI, not the economic growth need to be the benchmark for wealth, pointing
out the relevance of investing in people and in developing their capabilities if the objective is the
assessment of country development. It is worth to mention how HDI can quantify the way in which
two countries with similar Gross National Income (GNI) per capita can register different human
development outcomes. Therefore, the expected impact is a positive one, a higher the level of human
development of a country, leading to a higher level of engagement in climate change mitigation.

Social progress aims to improve peoples’ lives all over the world, offering to responsible bodies
the chance for more effective cooperation and an efficient resources use in order to solve pressing
social and environmental problems. Through this, both individuals and communities could make their
contribution to the progress of their lives, creating the conditions to attain full potential. Under these
circumstances, the Social Progress Index (SPI) rigorously measures country performance on many
aspects of social and environmental performance, including a component of environmental quality.
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Therefore, a positive sign is expected, a higher level of SPI leads to a higher level of engagement in
climate change mitigation.

The Happy Planet Index (HPI) reflects sustainable wellbeing for all individuals, quantifying the
process of achieving a long, happy, sustainable lives, and puts together four dimensions: wellbeing,
life expectancy, inequality of outcomes and ecological footprint, in order to quantify how citizens of
different countries are using environmental resources to lead long, happy lives. Therefore, the expected
sign is a positive one, a higher level of the index, a higher level of engagement in mitigating
climate change.

Two proxies for digital usage and access have been taken into account—individuals’ level of
internet skills (individuals who have done at least one internet activity) in urban areas (%) and
individuals’ level of internet access in the last 12 months in urban areas (%); a positive impact
being expected. Therefore, a higher level of individuals’ internet skills and access is associated with a
higher level of personal engagement in tackling climate change.

As governance indicators, we have included three main variables: SGI government effectiveness score,
SGI policy performance score, SGI environmental policy protection score.

The first, SGI Government Effectiveness score is one of the SGI Governance indicators and measures
the efficient implementation of governmental policies. Therefore, a positive impact is expected, a higher
perceived level of government effectiveness being associated with a higher level of engagement in
climate change mitigation.

The second one, SGI policy performance score, is another SGI Governance indicators measuring
the government efficiency in cultivating sustainable conditions helping to assure well-being an
empowerment. Also, a positive impact is expected, and a higher level of trust in government is
associated with a higher level of personal mitigation of climate change.

The last one, the SGI environmental policy protection score, measures the level of resources
protection and environment quality acquired through environmental policy, a positive impact being
expected; a higher level of environmental policy protection being associated with a higher level of
citizens’ engagement in fighting climate change.

3.2. Multi-Level Econometric Modelling

In the process of highlighting the main driving forces of climate change among EU citizens,
a multilevel logistic regression (the command in STATA 15 for the estimation of multilevel logistic
regression models is xtmelogit) analysis has been used highlighting that the specific and extra
mitigation behaviour is influenced by both individual characteristics and country specificities in
combating climate change, supporting thus the shift to a circular economy.

The conceptual framework of the main determinants for citizens’ engagement level in mitigating
climate change is presented in Figure 3.
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In order to analyse the between-country variation in the specific and extra mitigation behaviour
of climate change, diverse categories of of two-level models were used. The two-level models implies
a four-stage methodology.

In the first stage, the appropriateness of the multi-level approach was tested by the estimation of a
baseline random intercept model without any explicative variables, the empty two level model with
an intercept and country effects (the null model) has the following specification:

log
(
πi j

1−πi j

)
= β0 + u0 j, (1)

The intercept β0 is shared by all countries, while the random effect u0 j is specific to county j and it
follows a normal distribution with variance σ2

uo.
In the second stage, the model additionally assumes the influence of first-level characteristics:

log
(
πi j

1−πi j

)
= β0 + β1·Xi j + u j, (2)

In the third step, the model specification includes simultaneously both individual-related factors
as well as country-level variables being formulated as follows [85]:

log
(
πi j

1−πi j

)
= β0 + β1·Xi j + β2·X j + u j, (3)

where: β0 is the overall intercept, β1 is the cluster specific effect, β2 is the contextual effect, Xij is
the vector containing individual level explanatory variables and their interactions, Xj is the vector
containing country level explanatory variables and uj is the group (random) effect.

As in any regression model, we can include interaction effects which allow for the possibility that the
effect of one explicative variable on the outcome depends on the value of another explanatory variable.
An interaction between a level 1 variable and a level 2 variable is called a ‘cross-level interaction’.
Furthermore, it is worth testing if the effect of contextual country factors on climate change extra
mitigation behavior depend on the type of the town (large town vs. small and medium size town).
Therefore, in the fourth step, different random intercept models with cross-level interactions have
been estimated.

log
(
πi j

1−πi j

)
= β0 + β1·Xi j + β2·X j + β3·Xi j·X2 j + u j, (4)

The general scheme of two level models for citizens’ engagement level in combating climate
change is displayed in Figure 4. Different specifications of two-level logistic models were estimated in
over to overcome the issue of multi-collinearity, as country-level variables could be correlated.
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4. Empirical Results and Discussion

4.1. Descriptive Profile of Respondents

From 18,529 individuals from the urban environment, almost 42.7% of them come from a large
town while 57.3% of respondents live in small and medium-sized towns. Also, 38.66% of them were
citizens of East-Central Europe and only 13.38% come from Nordic nations.

The sample is well-proportioned in terms of gender, age, education; yet, there was greater
involvement of female (54.3%), middle-aged (mean age = 51.09 years), and moderately educated
individuals (41.84% of them finishing school at the age of, at most, 19 years old) and 34.81% have
multiple marriages without children, a centre political orientation (42.08%). Almost 47.33% of them
were not working, 45.84% of them were employed and only 6.84% were self-employed and 66.91% of
respondents declared that never had difficulties in paying bills and only 7.8% of them declared that
most of the time faced this issue.

Almost half of respondents have a medium level of political interest and only 16% of them were
not at all interested in such a topic.
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Asked about the importance of climate change, an overwhelming proportion of 78.71% of them
perceived it as a very serious problem and only 6% of individuals considered it not a big problem.
Also about 88.7% of citizens agreed with the fact that action on climate change leads to innovation
making companies more competitive.

In the descending order of perceived responsibility, most citizens considered national governments
responsible for the mitigation of climate change (55.28%), followed by business and industry (52.12%),
European Union (49.22%), citizens (35.41%), regional and local authorities (33.09%), and environmental
groups (29.04%). All of these actors have been mentioned only by almost 11% of the respondents.
Asked if they undertook specific actions in fighting climate change in the last six months, almost 63%
of respondents consented to this statement.

4.2. A Descriptive Analysis of Climate Change Mitigation among European Union (EU) Countries

The climate change was perceived as a very serious problem by most of the respondents
in each country, with an overwhelming proportion of citizens in Malta (93%), Greece (92%) and
Spain (89.5%). Only a very small proportion of citizens from every country considered that the climate
change is not a serious problem, with two-digit percentages for Finland (11.6%) and Austria (16%).

Asked about how the main responsibility of tackling climate change is divided among the main
actors in the field, the majority recognised the important role of national governments, EU institutions
as well as business and industry. More than half of all respondents from urban areas attributed the
main responsibility to national governments (55.3%), business and industry (52.1%) as well as EU
instructions (49.2%). Just over 30% of respondents recognised the role of themselves as important
drivers in tackling climate change, as well as the contribution of local authorities. Almost 29% of
respondents mentioned environmental groups as being responsible for tackling climate change. What
it is interesting to mention is that only 11% of all respondents attributed the responsibility of combatting
climate change to all actors involved.

From all EU member states, 18 countries recognised the importance of national governments’
responsibility in combating climate change, the leaders being Sweden (80.2%), the Netherlands (73.6%),
Malta (73.4%) and Greece (67.8%), while in the vision of the respondents from Sweden (57%),
Netherlands (57%) and Finland (51%), citizens were seen as a responsible body in tackling
climate change.

More than 4 out of 10 respondents in Sweden and Portugal (47%, respectively, 43%), Romania (44%) and
Malta (42%) assigned the responsibility of combating climate change to regional and local authorities.

An interesting remark is related to the fact that 18 EU countries attributed the responsibility of
combatting climate change to all actors involved, with the highest proportions in Portugal (21.6%),
Slovenia (19.7%) and Luxembourg (19.6%).

Citizens from the urban areas of more than 22 countries declared that they have personally
taken action to fight climate change in the past six months and this is available mostly in the case of
Slovenia (86%), Malta (85%), Sweden (81%), Spain and Finland (80%) and Luxembourg (78%) compared
to only 31% in Romania, 34% in Bulgaria and 40% in Poland (Table A2, Appendix A).

Asked about specific actions in fighting climate change (Figure 5), 73.4% of respondents declared
that they tried to reduce their waste and regularly separate it for recycling, while 62% of them resorted
to reducing consumption of disposable items, these being the most common measures taken to combat
climate change. The Energy EFF HH appliances was ranked third in the list of measures taken to
mitigate climate change, these three actions being considered as the most common measures taken by
more than half of the respondents.
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Figure 5. Types of individual action taken to fight climate change. Source: Author’s contribution.

In order to combat climate change, about 37% of the respondents declared using
environmentally-friendly alternatives to their private car, while 25% of them insulated their home better.

A small proportion of citizens, almost one in five (18%) take into account the carbon footprint of their food
purchases and tried to accommodate their shopping accordingly, while an even lower percentage of
interviewed citizens (14.7%) declared that they installed energy-saving equipment home and only 12.4% of
respondents admitted that they have tried to reduce the fuel consumption buying a new car.

The measure of considering the carbon footprint of transport, adapting their holiday accordingly, has been
adopted by only 11.8% of the respondents, while an even lower proportion of individuals claimed
that they have switched energy supplier in order to increase the energy share from renewable sources (10.7%).
Installing solar panels (6%), buying a low-energy home (5%) or buying an electric car (1.6%) are the
least undertaken actions among EU citizens.

In all countries, except for two, the majority of respondents declare they try undertook the action of
reducing and separating waste. The country recording the highest proportion of reduced and separate
waste is Sweden (91.8%), followed by Netherlands (87.8%), France (87.7%) and Luxembourg (87.5%),
while the majority of respondents declaring to reduce consumption of disposable items were from
Netherlands (84.8%), Sweden (84%) and Luxembourg (78.2%).

The energy EFF HH appliances measure taken to reduce energy consumption has been
the respondents’ choice most in the Netherlands (77.6%), Germany (65.6%) and Latvia (64.9%),
while regarding the alternatives to car use, the first three countries adopting this measure have been
Sweden (67.5%), the Netherlands (67.1%) and Germany (55.9%).

Most respondents considering to insulate their home better in order to reduce their energy
consumption were from the Netherlands (39.6%), Bulgaria (36.8%) and Denmark (36%) while Finland
and Sweden (41.3%) were the countries registering the biggest proportion of urban citizens that
considered the carbon footprint of their food purchases.

The share of citizens who bought a new car, thus reducing fuel consumption, was higher in
Denmark (27%), Sweden (20.1%) and Belgium (18.4%) while the highest adoption rate of considering
travel carbon footprint when planning their holiday have been encountered among citizens from
Sweden (41%) and Finland (26%).

An important measure for climate change mitigation is switching to an energy supplier,
contributing thus to an increase in the energy share from renewable sources. In this regard,
Sweden registered an adoption rate of 26.8%, the Netherlands (24.5%) and Belgium (22.9%).
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Urban respondents having installed solar panels in their home are most from Cyprus (24.4%) and the
Netherlands (21.5%), while 12.7% of citizens in Netherlands and 12.5% of citizens in Luxembourg have
bought a low-energy home.

Overall, the countries registering the biggest proportion of measures mitigating climate change
were Denmark (27%), Netherlands (20.7%) and Sweden (20.1%). The countries registering the lowest
proportion of measures mitigating climate change were Greece (4.6%), Spain (4.4%), Portugal (4.4%)
and Poland (4.7%).

Analysing the distribution of the number of individual actions taken to combat climate change it
can be highlighted that less than 10% of EU urban citizens took no measure to mitigate climate change,
25% took one or two actions, and 50% took at most three actions.

Only 25% of the respondents declared that they have taken more than five actions and only
1% of individuals declared to taken 9 or more actions. In urban areas, EU citizens took, on average
3 measures, the maximum of the measures taken being 13 (Table 1).

Table 1. Summary statistics on action to mitigate climate change.

Percentiles Smallest

1% 0 0
5% 0 0

10% 1 0 Obs. 18.529
25% 2 0 Sum. Of Wgt. 18.529
50% 3 Mean 3268

Largest Std. Dev. 2165
75% 5 13
90% 6 13 Variance 4688
95% 7 13 Skewness 6519
99% 9 13 Kurtosis 3229

Regarding the cumulative measures to mitigate climate change, it can be seen that the majority
from EU urban areas (91.85) took at least one measure, 77.4% of EU urban citizens took at least two
actions and only 15.4% of EU urban citizens took six or more actions. The Netherlands is the country
whose citizens adopted more than six actions in fighting climate change (52.9% in case of 6 measures)
while at the opposite end there is Poland, with only 1.1% of citizens adopting six actions in combating
climate change.

4.3. Results of the Estimated Models

In accordance with our first objective, the research explored the main socio-demographic factors
related to specific mitigation behaviour quantified by individual actions untaken to fight climate change,
with the estimation process including 13 models, one for each type of climate change individual action.

The empirical results of the null baseline random intercept model, revealed that multilevel
approach was appropriated and the log-odds of citizens share declaring having undertaken specific
actions to fight climate change in an “average” country was estimated to be β0 = 0.60.

The between-country variance of the log-odds of citizens’ share taking actions to combat climate
change was estimated as 0.455 with a standard error of 0.125. The significance of the between-region
variance was tested using a Wald test, the empirical results (Chi-square test = 1456.74 with a
p-value = 0.0099) revealing that there is a significant variation between EU countries in the proportion
of those citizens environmentally active taking specific actions in fighting climate change.

Based on the value of between-country variance (0.455), the variance partition coefficient (VPC)
was computed to be 12.15% using the formula: 0.455/(0.455 + 3.29) = 0.1215; thus 12.15% of the residual
variation in the propensity of taking actions in mitigating climate change is attributable to unobserved
country characteristics), indicating that almost 13% of the variance in climate change specific mitigation
actions can be attributed to differences between countries.
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Figure A1, Appendix A, reports the residual level-2 country effects derived from the null model
(with no explanatory characteristics) proving the differences between countries. A country whose
confidence interval does not overlap the line at zero (representing the mean log-odds of taking specific
actions to climate change mitigation across all states) differs significantly from the EU-28 average at a
95% confidence level [84].

Romania, Bulgaria and Poland are countries with the lowest probability of taking personal
actions in mitigating climate change in the last six months (largest negative values of uj) for which
the confidence intervals do not overlap with 0, pointing out that a significantly lower probability of
participation compared with the EU average has been registered by these countries. At the upper end,
Sweden, Slovenia and Malta are the countries with intervals that do not overlap with 0 with the highest
response probability (largest positive values of uj), indicating a significantly higher probability of
participating in climate change actions compared with the EU-28 average.

Proving that the multilevel approach is the appropriate one, in the second stage different
specifications of the multilevel models with only individual level characteristics were stipulated,
with 13 sequential models being estimated, one for each specific action taken by citizens in the
mitigation process of climate change, providing new and more detailed perspectives regarding the
main determinants of climate change specific mitigation behaviour. The empirical results of random
intercept models including individual-level variables are presented in Table A3, Appendix A.

For the first specific climate change action adopted at the same time by most of the citizens,
reduce and separate waste, the empirical results pointed out the statistical significance of climate
change perceived importance, the perceived responsibility of national governments, European Union,
business and industry, citizens and environmental groups, as well as the importance of climate change
actions leading to innovation in explaining the specific mitigation behaviour.

Also, most of the socio-demographic variables exhibited statistical significance: gender, age,
education, occupation, facing difficulties in paying bills, marital status (children), type of urban area,
types of EU region, political interest as well as political ideology.

Analysing the individual characteristics, it can be highlighted that women, from the age groups
45–54 years and 55–64 years, with a high level of education, with multiple marriages with children,
usually employees, without difficulties in paying their bills, living in small towns from Western Europe,
Southern Europe or Nordic Nations, having a leftist/liberal or centre political orientation and a high
level of political interest, were inclined to adopt this specific action in fighting climate change.

The empirical results of the second specific action adopted by the most respondents—use
fewer disposable items—revealed that people perceiving the climate change as a serious problem,
considering that the responsible bodies in fighting this phenomenon are national governments,
the European Union, business sector, local authorities or citizens themselves or acknowledging that
the role of climate change actions are more inclined to undertake this action. Analysing the profile of
individuals adopting this action, it can be mentioned that women more than 35 years old, with a high
level of education, with multiple marriages with children, usually without any problem in paying bills,
living in Western Europe and Nordic nations having a leftist/liberal or centre political orientation and a
high level of political interest were more inclined to fight climate change using less disposable items.

The empirical results of the third action taken to combat climate change—energy EFF
HH appliances—highlighted that people perceiving climate change as a very serious problem,
those considering that the main responsibility in tackling this negative phenomenon rests with
national governments, European Union, business sector or themselves, as well as those acknowledging
the importance of climate change actions on the path to innovation, were more willing to adopt
this action.

The fourth action adopted in combating climate change—alternatives to car use—was more likely
to be considered by people perceiving the climate change as a very serious problem, those considering
that the main responsibility in tackling this negative phenomenon rests with national governments,
European Union, or themselves. Regarding individual characteristics, more educated women, 55 years
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old and over, living usually in large towns, having multiple marriages without children, and without
having difficulties in paying bills or living in Western Europe as well as in Nordic nations, having an
increased level of political interest and a leftist/liberal political orientation, are more determined to
combat climate change by adopting this specific measure.

The fifth action mentioned by the citizens in the climate change mitigation— better insulated
home—was more likely to be considered by people perceiving the climate change as a very
serious problem, those considering that the main responsibility in tackling this negative phenomenon
returns mainly to citizens. Exploring the citizens’ profile, it can be highlighted that men, with a higher
level of education, from all age categories, usually self-employed, living in small towns, having multiple
marriages with or without children, without any difficulties in paying bills and having an increased
level of political interest and a right/conservative political orientation.

Concerning the sixth action adopted—food carbon footprint—the empirical results revealed that
people perceiving the climate change as a very serious problem, those considering that the main
responsibility rests mainly with national governments, regional or local authorities as well as to citizens,
or acknowledging the importance of climate change actions on the path to innovation were more likely
to take such an action. Highlighting the individual profile, it can be mentioned that women, from the
age category 65 years old, more educated, having multiple marriages with our without children,
not facing any difficulties in paying bills, living in Western Europe or Nordic nations, having an
increased level of political interest or a leftist/liberal political orientation, were more inclined to adopt
this action as climate change mitigation measure.

The empirical results of the seventh action—energy saving equipment at home—revealed that citizens
considering that the main responsibility returns regional or local authorities, environmental groups
or even themselves and living in small towns from Western Europe or Nordic nations, from all
age categories, with a higher level of education, usually self-employed, having multiple marriages
with or without children, with a very strong political interest and a liberal political orientation, were
more inclined to adopt this action.

The eighth action—low fuel consumption car—was taken as climate change mitigation more likely by
those citizens perceiving climate change as a very serious problem, attributing the main responsibility
of climate change mitigation to citizens, those living in small towns, from countries in Western Europe
or Nordic nations, without any difficulties in paying bills, being men, either less than 44 years old or
over 65 years, with a higher level of education, usually self-employed, having multiple marriages
with our without children, having a medium and strong level of political interest and a liberal
political orientation.

The ninth action—travel carbon footprint—was more likely by those citizens perceiving climate
change as a very serious problem, attributing the main responsibility of climate change mitigation
to citizens, living in large towns, from Western Europe or Nordic nations, not facing any difficulties in
paying bills, being women, educated people, usually self-employed, having a medium and strong
level of political interest and with a leftist/liberal political orientation.

The empirical results of the tenth action—switched energy supplier—revealed that those citizens
perceiving climate change as a very serious problem, considering that the main responsibility rests
with citizens, acknowledging the importance of climate change actions on the path to innovation,
living in Western Europe or Nordic nations, with a high level of education, usually self-employed,
having multiple marriages with our without children, an increased level of political interest, were more
inclined to adopt this action in the mitigation process of climate change.

The eleventh action—installed solar panels at home—was a climate change mitigation more likely
to be taken by those citizens considering that the main responsibility returns to regional authorities,
business sector, living in small towns, from Western and Southern Europe, educated people, from the
age category 55–64 years old, usually self-employed, having multiple marriages with our without
children and a centre political orientation.
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The twelfth action—bought low-energy home—was a climate change mitigation more likely to be
taken by those citizens considering that the main responsibility returns to business sector, living in
small towns, from Western Europe, being men, educated people, usually self-employed, not facing any
difficulties in paying bills, having multiple marriages with our without children and a very strong
political interest.

The last action—electric car—was a climate change mitigation more likely to be taken by
those citizens considering that the main responsibility returns to regional and local authorities,
living in Western Europe or Nordic nations, educated people, having at most 44 years old or over
65 years old, usually self-employed, having multiple marriages with children and a right/conservative
political ideology.

The mitigation actions exhibiting the largest variance at country level among individual
characteristics were the following: installed solar panels home (12.27%), reduce and separate
waste (10.59%), switched energy supplier (9.37%) and food carbon footprint (9.12%).

Going further in our research analysis, in accordance with our second objective and after exploring
the main determinants of citizens’ decisions to undertake specific individual actions to fight climate
change, the research investigated factors that relate to extra behavioural engagement, trying to find
what determines some people to be involved in an extra commitment (i.e., do “more”) to mitigate
climate change as compared to others, testing the validity of modernization thesis. In this context,
the modernisation thesis has been tested, stipulating that extra mitigation behaviour is more likely
to occur in more modernized developed economies. Therefore, in order to prove this, 12 alternative
models have been estimated, for different proxies of modernization thesis including also those models
taking into account cross-level interaction terms.

The empirical results of the null baseline random intercept model revealed that the multilevel
approach was appropriated and the log-odds of extra personal engagement in mitigation behaviour in
an “average” country was estimated to be β0 = −1.226.

The between-country variance of the log-odds of citizens’ extra mitigation behaviour was estimated
as 0.842 with a standard error of 0.228. The significance of the between-region variance tested with the
Wald test (Chi-square test = 2495.02 with a p-value = 0.00) revealed that there is a significant variation
between EU countries in the extra personal engagement in mitigation behaviour.

The variance partition coefficient (VPC), determined using the value of between-country variance
is 20.37%, revealing that 20.37% of the residual variation in the propensity of extra mitigation behaviour
is attributable to unobserved country characteristics.

Figure A2, Appendix A reports the residual level-2 country effects derived from the null model
(with no explanatory characteristics) proving the differences between countries. A country whose
confidence interval does not overlap the line at zero (representing the mean log-odds of taking multiple
actions to climate change mitigation across all states) differs significantly from the EU-28 average at
the 5% significance level [83].

Poland, Croatia, Lithuania and Italy are countries with the lowest probability of extra mitigation
behaviour (largest negative values of uj) for which the confidence intervals do not overlap with 0,
indicating that they have significantly lower probability of extra mitigating climate change than the
EU average. At the upper end, the Netherlands, Sweden, Denmark and Luxembourg are the countries
with intervals that do not overlap with 0 with the highest response probability (largest positive values
of uj), indicating a significantly higher probability of extra mitigation of climate change compared with
the EU-28 average.

Stipulating that the multilevel approach is the appropriate one, the research built different
specifications of multilevel modelling including both individual level characteristics as well as
country-level factors related to modernisation thesis in order to extra mitigate climate change.

Therefore, 12 alternative models have been estimated capturing the main determinants of extra
mitigation behaviour among EU citizens, the empirical results being presented in Table A4, Appendix A.
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The empirical results of all alternative models revealed that climate change extra mitigation
personal behaviour was more likely to be adopted by citizens perceiving the climate change as is
a serious problem, attributing the responsibility of fighting against this phenomenon to national
governments, regional or local authorities, business sector or themselves contributing through multiple
actions undertaken to the transition to a circular economy.

Also, the importance of climate change actions leading to innovation and making companies
more competitive was positively associated in all models with an extra personal engagement in
mitigation behaviour.

All tested socio-demographic variables manifested a statistically significant impact on the decision
of adopting an extra mitigation personal behaviour, the estimates of individual-level demographics
being almost identical in all alternative models.

Female gender, from the age category 55–64 years old exhibited a higher level of extra
mitigation habits, the empirical results pointing out the existence of an inverted U-shape between age
and citizens’ extra behavioural engagement in fighting climate change. Also, a positive association has
been found between education and the extra mitigation behaviour, with people with a higher level of
education being more inclined to adopt multiple actions manifesting a higher level of commitment.

Also, the empirical results revealed that people of a leftist/liberal political orientation and a higher
level of political interest displayed an extra behavioural engagement in climate change mitigation,
while self-employed people, without any difficulties in paying bills, married with or without children,
living in small towns, in Western Europe or Nordic nations were more willing to engage in extra
mitigation behaviour.

The modernisation thesis have been only partially supported by the empirical results of models
II, IV, V, VI, VIII, IX; a higher level of extra mitigation behaviour being encountered among citizens
from countries with a higher level of human development and social progress, a higher proportion of
individuals with internet skills and access, and a higher level of policy performance and environmental
policy protection.

Therefore, the modernisation thesis was strongly supported by the results of the second model;
citizens from countries with a higher level of human development exhibiting also a higher level
of extra behavioural engagement to mitigate climate change. A similar result was confirmed by
the statistical significance of social progress index; citizens from countries with a higher level of
social progress exhibited a higher level of extra engagement to mitigate climate change. Also, the
digitalisation hypothesis made its contribution to the validity of the modernisation thesis, with citizens
from countries with a higher level of individual internet skills and access being more determined to
engage in extra mitigation behaviour.

The modernisation thesis was also supported by the statistical significance of SGI governance
indicators; citizens from countries with a higher policy performance as well as those from countries
with a higher environmental policy protection were more willing to adopt multiple actions in fighting
climate change.

Finally, it can be pointed out that the modernisation thesis was only partially validated, due to the
lack of statistical significance of GDP per capita at PPS, a proxy for a country’s wealth level; the HPI
index a proxy for the level of country sustainable well-being; and the SGI government effectiveness a
proxy for the efficient implementation of governmental policies.

Furthermore, it was worth testing if the effect of modernization thesis on the extra behavioral
engagement to mitigate climate change, depends on the segmentation large town vs. small or medium
town. Therefore, different random intercept models with cross-level interactions have been estimated.

Until now, the models assumed that the contextual effect of the modernization thesis is the same
for all citizens regardless of whether they live in big or small cities. In this stage, we have modified this
assumption allowing the effect of modernization thesis on the extra mitigation behavior to depend on
the country level variables associated with this thesis and also on the urban area type, including in the
model the interaction between country level variables and the type of the town in which the citizen is
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living as cross-level interactions terms. Another nine alternative models have been estimated, but given
the limited space within the paper, we have decided to present only those exhibiting statistically
significant impact on the extra mitigation behavior.

The empirical results of the models X, XI and XII displayed in Table A4, Appendix A revealed
that the marginal effect of modernization thesis supported by the statistical significance of HDI,
SPI, SGI environmental policy protection score on the level of extra behavioural engagement to
mitigate climate change positively and significantly depends on the segmentation large vs. small or
medium town.

Therefore, in a country with a higher level of human development, social progress or a higher
level of environmental policy protection, citizens living in large towns exhibited a higher level of extra
engagement in mitigating climate change compared with those living in small or medium towns.

4.4. Summary of Findings in Relation to Specific Mitigation and Extra Mitigation Behavior

In Figure 6, we summarize our overall findings in relation to the main hypotheses tested, providing
information on the positive relationship between specific factors and each specific action of combating
climate change as well as an extra mitigation behaviour in fighting climate change. It also provides
information on the modernisation theory supported by each statistically significant finding, along with
clarifying remarks.

Analysing the empirical results of specific mitigation behaviour models, the pro-environmental
variables were statistically significant in eight of the specific actions models, stipulating the relevance
of pro-environmental attitudes in combating climate change. Therefore, individuals acknowledging
the importance of climate change, being aware of their responsibility in fighting this phenomenon
together with other institutional bodies, and recognising the importance of climate change actions
were found to be more inclined to adopt specific actions in mitigating climate change. Thus,
hypothesis H1 has been partially validated for the specific actions: reduce and separate waste,
use disposable items, energy appliances, alternatives to car use, insulated home better, food carbon
footprint, low fuel consumption car, switch energy supplier. Also, hypothesis H1 has been fully
validated in the case of extra mitigation behaviour, by the positive and statistically significant coefficients
of pro-environmental proxies.

Hypothesis H2 regarding the profile of individuals engaged in specific mitigation behaviour is
validated in most of the cases, with the exception of three specific actions. Therefore, females, mostly
55–64 years old, married with children, with a high level of education, self-employed, with a left-or
center political ideology and a high level of political interest) were more inclined to adopt the following
specific actions as measures to combat climate change: reduce and separate waste, use disposable items,
energy appliances, alternatives to car use, food carbon footprint, switch energy supplier, energy-saving
equipment home, travel carbon footprint, electric care. For the other specific actions concerning
insulated home better, low fuel consumption car and bought a low-energy home, the profile of
individuals inclined to adopt these actions is: male, young people (15–24 years old), with high level of
education, self-employed, married with or without children, having a right political ideology and a
high level of political interest.

Hypothesis H2 has been fully validated in the case of extra mitigation behaviour, by the positive
and statistically significant coefficients of socio-demographic variables.

Hypothesis H3 has been partially validated by the positive and statistically significant coefficients of
the models investigating the following seven specific actions: reduce and separate waste, use disposable
items, alternatives to car use, food carbon footprint, low fuel consumption car, travel carbon footprint
and bought low-energy home. Therefore, individuals not facing any difficulty in paying bills, living in
small or medium towns from Western Europe or Nordic nations are more likely to engage in specific
actions in fighting climate change.

Hypothesis H3 has been fully validated in the case of extra mitigation behaviour by the statistically
significant coefficients of economic variables.
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In the context of urban environments, it was important to analyse the impact of the segmentation
small-medium urban area vs. large urban area on the decision of specific mitigation behaviour in
fighting climate change, the empirical results clearly pointing out the statistically significance of urban
area coefficients, revealing also that actions such as energy EFF HH appliances, insulated home better,
energy-saving equipment home, low fuel consumption car, installed solar panels home, bought low
energy home, were more likely to be adopted by citizens from small towns.

Hypothesis H4 concerning the validation of the modernisation thesis in relation to an extra
mitigation behaviour has been only partially supported by the positive and statistically significant
coefficients of human development index, social progress index, individuals’ level of internet skills
and access, SGI policy performance score and SGI environmental policy protection score. Therefore,
citizens from more developed and modernized countries are more likely to exhibit a higher level of
extra mitigation behaviour.

A related finding acknowledged that the effect of modernization thesis on extra mitigation
behaviour depends on the segmentation large town vs. small or medium town, this fact being
supported by the positive and highly significant coefficients of cross-level interaction terms between
large town and country level variables related to modernisation thesis, revealing that citizens living in
large towns in countries with a higher level of human development, a higher level of social progress or
a higher level of environmental policy protection, were more likely to exhibit a higher level of extra
mitigation behaviour.

4.5. Discussion

In order to mitigate climate change and also to pave the way to circular economy, the role of citizens
is fundamental and a shift in personal behaviour is highly required. In combating climate change,
the actions need to cover multiple measures and to target the implications of the main actors-local
governments, business sector, civic society, environmental organisations and European institutions.
The present research acknowledges the important role of citizens in tackling climate change, aiming to
assess the role of socio-demographic, economic and environmental factors in fighting climate change
as well as the validity of the modernisation thesis regarding the extra mitigation behaviour, exploring
the between-country variation in both specific and extra mitigation behaviour.

A central question in this study was: what determines some people to engage in adopting specific
and extra mitigation behaviour compared to others? The findings revealed that there is a mix of factors
that influence both specific and extra mitigation behavior.

Overall, the findings reinforce earlier evidence that pro-environmental behaviour acknowledging
the importance of climate change, climate change actions and the main responsibility in tackling
this phenomenon are more associated both with a specific mitigation as well as an extra mitigation
behaviour [58,59,62,67,69].

The perceived importance of climate change was significantly associated with specific and extra
mitigation behaviour. In line with the previous studies [63–67], the findings emphasize the role of
perceived importance of climate change on eight types of specific mitigation actions as well as on extra
mitigation behavior.

Another driver of specific and extra mitigation behavior was related to the perceived responsibility
in tackling this phenomenon, with the empirical results subscribing to studies in literature [87]; if
citizens are more aware about their own responsibility and actions in mitigating climate change, this
awareness will lead them in the direction of acting and adopting specific or multiple actions in fighting
this phenomenon.

In contract with previous studies [91,92], the perceived importance of climate change actions
seems not to determine as expected individuals engaging in specific actions, with the empirical results
revealing a significant impact only for few specific measures. This is not the case for extra mitigation
behavior, in which the increased perceived importance of climate change actions leading to innovation
is associated with a higher level of extra mitigation.
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The research strongly supports the idea that-despite empirical evidence from previous
environmental studies [80,98] a variety of individual and country-level socio-demographics are
significant correlates of specific and extra mitigation behavior in response to climate change.

In line with the work of [156,158,159,161,168], partial validation of modernization thesis have
been achieved-a higher level of engagement to mitigate climate change being predominant in countries
with a higher level of human development and social progress, a higher proportion of an individual’s
internet skills and access, a higher level of policy performance and environmental policy protection.

Another important result of our analysis is related to the fact that the effect of modernisation thesis
on the extra mitigation behaviour of climate change depends on the type of urban area. Therefore,
citizens living in large towns in countries with a higher level of human development, a higher level
of social progress or a higher level of environmental policy protection were more likely to exhibit a
higher level of extra mitigation behaviour [162].

4.6. Limitations and Recommendations for Further Study

The study presents several limitations that should be taken into account for further research. Firstly,
the use of Eurobarometer dataset, despite the advantages, restricted the aim of the research questions
by not allowing the investigation of other relevant associations of mitigation behaviour. Thus, further
research could incorporate additional factors among which the individuals perceptions of self-relevance
or the split of environmental activism and citizenship into public/political. Secondly, the research used
self-reported data (instead of actual measured mitigation behaviour). Thus, the discrepancy between
perceived and objective knowledge (and their relationships) deserves future attention in studies on
climate change-motivated behavior. Thirdly, the analysis took into account only environmentally
active citizens from urban areas, due to the main purpose of our research regarding specific and extra
mitigation behavior. However, the exclusion of the environmentally inactive respondents should be
recognised as an important limitation and cautions should be attributed in generalizing the results to
non-environmentally active individuals.

Future research could be enlarged by including a broader segment of environmental respondents
(the least receptive to the problem of the environment). Fourthly the study focused only on direct
associations between factors and extra mitigation behavior. Future research could explore also a
potential mediation analysis between different factors in explaining better the mitigation behaviour.
Also, in further work, the lagged influence of climate change importance in revealing the determinants
of mitigation behaviour could be incorporated and tested. Last but not least, the validation of the
modernisation thesis opens the door for exploring also other theses with impacts on climate change
mitigation behaviour. In the near future, country differences could be analysed also from the perspective
of individualism thesis, long-term orientation or regional discrepancies.

5. Concluding Remarks

Taking into account all the findings of our research, the following can be concluded:

1. A shift in personal behaviour is required—from limited or sporadic actions toward exhibiting an
extra mitigation behaviour in fighting climate change.

2. Two types of behaviour can be encountered among EU citizens—an individual mitigation
behaviour based on singular actions undertaken to combat climate change and an extra mitigation
behaviour based on multiple actions taken in fighting climate change.

3. Pro-environmental factors, socio-demographics, economic and country-level factors proved their
role in explaining both specific and extra mitigation behaviour through personal engagement.

4. Modernisation thesis substantiated its validity revealing that both specific and extra mitigation
behaviour is higher in more modernised countries.
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5. By acknowledging the role of citizens in addressing climate change, and encouraging them
to undertake different specific actions and doing more in fighting climate change by adopting
multiple actions, we pave the way for a circular economy.

6. Through their contribution to waste reduction, eco-shopping, eco-friendly transportation or
domestic energy reduction, citizens ensure the transition to a circular urban economy.
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Appendix A

Table A1. Variables explained.

Country-Level Explanatory Variables Data Source Expected Sign

The modernisation theory

Gross Domestic Product (GDP) per capita in
PPS is computed to by the GDP in PPS (current
prices, million purchasing power
standards)/population.

National Ac. Database, Eurostat;
Employment and Unemployment Database,
Eurostat.

Positive

Human Development Index (HDI) 2019
UNDP, Human Development Reports,
http://hdr.undp.org/en/content/human-
development-index-hdi

Positive

Happy Planet Index (HPI) 2019 http://happyplanetindex.org/ Positive

Social Progress Index (SPI) 2019 https://www.socialprogress.org/ Positive

Individuals’ level of internet skills in urban
area (%)
The share of individuals from urban area who
have used a search engine to find information
(cities, towns and suburbs).

https://appsso.eurostat.ec.europa.eu/nui/
submitViewTableAction.do Positive

Individuals’ level of internet access in urban
area (%)
The share of individuals from urban area (cities,
towns and suburbs) who have used the internet
in the last 12 months.

https://appsso.eurostat.ec.europa.eu/nui/
submitViewTableAction.do Positive

Government Effectiveness Score 2019 from
SGI Indicators

Sustainable Governance Indicators,
SGI Network,
https:
//www.sgi-network.org/2019/Governance/
Executive_Capacity/Implementation

Positive

Policy performance score 2019 from
SGI Indicators

Sustainable Governance Indicators, SGI
Network,
https://www.sgi-network.org/2019/Policy_
Performance

Positive

SGI environmental policy protection score
2019 from SGI Indicators

Sustainable Governance Indicators, SGI
Network,
https://www.sgi-network.org/2019/Policy_
Performance/Environmental_Policies/
Environment/Environmental_Policy

Positive

http://hdr.undp.org/en/content/human-development-index-hdi
http://hdr.undp.org/en/content/human-development-index-hdi
http://happyplanetindex.org/
https://www.socialprogress.org/
https://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
https://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
https://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
https://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
https://www.sgi-network.org/2019/Governance/Executive_Capacity/Implementation
https://www.sgi-network.org/2019/Governance/Executive_Capacity/Implementation
https://www.sgi-network.org/2019/Governance/Executive_Capacity/Implementation
https://www.sgi-network.org/2019/Policy_Performance
https://www.sgi-network.org/2019/Policy_Performance
https://www.sgi-network.org/2019/Policy_Performance/Environmental_Policies/Environment/Environmental_Policy
https://www.sgi-network.org/2019/Policy_Performance/Environmental_Policies/Environment/Environmental_Policy
https://www.sgi-network.org/2019/Policy_Performance/Environmental_Policies/Environment/Environmental_Policy
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Table A2. Individuals’ climate change actions.

Country ID
Reduce and

Separate
Waste

Use Less
Disposable

Items

Energy EFF
HH

Appliances

Alternatives
to Car Use

Insulated
Home Better

Food
Carbon

Footprint

Energy
Saving

Equipment
Home

Low Fuel
Consumption

Car

Travel
Carbon

Footprint

Switched
Energy

Supplier

Installed
Solar Panels

Home

Bought
Low-Energy

Home
Electric Car

FR 87.7 68.0 54.5 40.4 29.9 24.4 19.6 14.8 11.1 8.8 2.4 7.5 1.2
BE 72.3 61.7 51.1 42.3 32.9 26.1 15.7 18.4 13.1 22.9 9.0 9.5 3.3
NL 87.8 84.8 77.6 67.1 39.6 39.6 50.3 20.7 30.2 24.5 21.5 12.7 2.8
DE 82.3 77.4 60.1 55.9 18.3 24.8 12.2 13.4 20.9 20.5 7.0 3.4 0.5
IT 66.5 41.7 40.2 21.3 14.1 4.8 7.5 9.4 4.2 10.9 5.5 3.2 2.3
LU 87.5 78.2 60.2 45.9 33.1 31.7 22.7 18.9 20.6 13.1 6.1 12.5 4.9
DK 79.8 72.8 65.6 51.7 36.0 31.6 27.4 27.0 21.4 17.3 6.6 10.6 1.6
IE 73.5 60.3 36.6 39.9 30.4 25.0 19.6 14.7 11.8 14.1 6.9 8.8 2.6

UK 83.4 65.9 42.0 48.9 33.9 26.7 28.5 16.6 17.1 21.6 4.0 5.4 2.9
GR 75.7 65.2 43.4 31.2 25.7 2.1 2.7 4.6 2.8 3.0 16.9 1.7 0.5
ES 85.5 62.1 39.7 33.7 17.6 10.6 17.6 4.4 3.6 4.4 1.6 2.8 0.8
PT 72.8 54.0 39.1 17.1 17.1 6.8 6.2 4.4 4.2 5.2 4.0 2.0 1.0
FI 81.5 76.2 48.4 45.8 20.9 41.3 21.3 16.6 26.0 16.1 3.4 3.4 1.9
SE 91.8 84.0 59.7 67.5 16.0 41.3 15.5 20.1 40.7 26.8 3.5 2.1 2.6
AT 61.5 58.5 46.2 41.5 17.6 23.8 19.1 12.3 18.3 15.1 6.2 3.4 3.4
CY 84.1 73.8 56.5 22.1 32.9 10.9 7.9 16.2 5.0 3.2 24.4 5.9 1.5
CZ 76.1 54.7 53.5 29.2 20.2 8.3 8.9 11.0 5.6 4.8 4.8 1.9 1.3
EE 75.3 64.5 50.8 32.4 35.6 11.4 11.4 13.2 3.8 2.9 1.8 4.9 0.6
HU 59.2 56.3 46.8 20.9 24.3 13.3 9.3 9.0 10.9 5.3 5.5 6.7 2.0
LV 63.1 62.1 64.9 40.8 30.6 11.8 15.7 14.8 4.3 4.8 1.2 1.5 1.2
LT 79.1 51.3 51.2 22.1 17.3 6.2 8.0 6.8 3.6 0.2 0.6 1.1 0.3
MT 84.9 59.9 48.0 30.9 5.6 13.5 28.3 5.9 6.6 1.0 13.8 2.3 1.6
PL 58.3 50.0 39.4 19.8 11.9 4.0 8.3 4.7 2.9 3.2 2.3 2.9 0.5
SK 71.3 54.8 36.5 28.0 25.6 5.5 9.3 8.7 2.8 4.3 3.1 0.7 1.0
SI 86.1 75.2 64.5 48.0 29.9 26.7 16.0 17.4 9.3 16.5 4.4 7.4 1.2

BG 34.1 37.7 53.2 24.8 36.8 2.4 3.3 5.7 1.9 1.7 3.7 2.7 0.5
RO 35.7 37.9 38.6 22.9 25.9 4.3 6.7 5.2 4.0 3.1 2.6 1.2 1.2
HR 66.3 47.8 40.0 21.2 23.7 5.5 5.8 8.2 3.5 4.4 0.8 2.6 0.1

EU28 73.4 62.0 50.3 37.1 25.0 17.7 14.7 12.4 11.8 10.7 5.7 4.5 1.6
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Table A3. Multilevel mixed-effects logistic regression of climate change mitigation actions among European Union (EU) citizens.

Reduce And
Separate Waste

Use Fewer
Disposable Items

Energy Efficiency
Households (Eff
Hh) Appliances

Alternatives To Car
Use

Insulated Home
Better

Food Carbon
Footprint

Energy Saving
Equipment Home

β exp(β) β exp(β) 1 β exp(β) β exp(β) β exp(β) β exp(β) β exp(β)

Gender (Men)
Women 0.23 *** 1.25 0.32 *** 1.38 0.14 *** 1.15 0.15 *** 1.16 -0.09 ** 0.92 0.47 *** 1.6 −0.08 0.93

AGE (15−24 YEARS)
25–34 Years 0.2 * 1.22 0.1 1.11 0.46 *** 1.57 −0.04 0.96 0.33 ** 1.39 −0.1 0.9 0.38 ** 1.47
35–44 Years 0.34 *** 1.41 0.21 * 1.23 0.56 *** 1.75 −0.13 0.88 0.52 *** 1.69 −0.2 0.82 0.52 *** 1.68
45–54 Years 0.46 *** 1.59 0.2 * 1.22 0.62 *** 1.86 −0.17 0.85 0.68 *** 1.98 −0.21 0.81 0.46 *** 1.58
55–64 Years 0.45 *** 1.56 0.22 ** 1.25 0.62 *** 1.85 −0.23 ** 0.79 0.72 *** 2.05 −0.19 0.83 0.48 *** 1.62

65 Years and Over 0.39 *** 1.48 0.19 * 1.22 0.52 *** 1.68 −0.33 *** 0.72 0.82 *** 2.28 −0.27 * 0.77 0.48 *** 1.61
Age When Stopped

Education (1–15)
16–19 0.25 *** 1.28 0.15 ** 1.16 0.32 *** 1.38 0.24 *** 1.27 0.24 *** 1.27 0.13 1.14 0.13 1.14
20+ 0.46 *** 1.59 0.3 *** 1.35 0.5 *** 1.65 0.54 *** 1.72 0.4 *** 1.51 0.42 *** 1.52 0.26 *** 1.29

Still Studying 0.32 ** 1.38 0.3 ** 1.35 0.23 * 1.26 0.62 *** 1.86 0.27 1.31 0.33 ** 1.4 0.19 1.21
No Full-Time Education −0.03 0.97 −0.4 0.67 −0.09 * 0.92 0.46 *** 1.58 −0.38 0.69 0.58 * 1.79 −0.8 * 0.45

Occupation
(Not Working)
Self-Employed −0.1 0.91 0.05 1.05 0.183 ** 1.2 −0.18 ** 0.84 0.37 *** 1.44 0.12 1.12 0.24 ** 1.27

Employed −0.13 ** 0.88 −0.03 0.96 0.05 1.06 −0.13 ** 0.89 0.005 1.01 0.04 1.04 −0.04 0.96

Marital Status
(Single HH without Children)

Single HH WITH Children 0.004 1.004 0.78 1.08 0.26 *** 1.3 0.01 1.01 0.17 1.18 0.1 1.1 0.12 1.13
Multiple HH without Children 0.05 1.06 0.07 1.07 0.27 *** 1.3 −0.12 ** 0.89 0.49 *** 1.63 0.22 *** 1.24 0.35 *** 1.42

Multiple HH with Children 0.12 ** 1.13 0.11 * 1.11 0.41 *** 1.51 0.08 0.92 0.63 *** 1.89 0.17 ** 1.18 0.39 *** 1.47
Difficulties Paying Bills (Most of

the Time
From Time to Time 0.31 *** 1.37 0.26 *** 1.29 0.38 *** 1.47 −0.03 0.97 0.23 ** 1.26 0.04 1.04 −0.04 0.96

Almost Never 0.62 *** 1.86 0.47 *** 1.6 0.58 *** 1.78 0.17 ** 1.18 0.55 *** 1.74 0.21 * 1.23 0.12 1.13
Urban Area (Small Town)

Large Town 0.001 1 −0.003 1 −0.08 ** 0.93 0.21 *** 1.24 −0.22 *** 0.8 0.008 1.008 −0.22 *** 0.81
Region(East-Central Europe)

Western Europe 0.67 ** 1.95 0.63 *** 1.88 0.07 1.07 0.76 *** 2.15 −0.11 1.11 1.36 *** 3.89 0.96 *** 2.6
Southern Europe 0.68 ** 1.97 0.24 1.2 −0.14 0.87 −0.05 0.95 −0.39 * 0.67 −0.06 0.94 0.13 1.14
Nordic Nations 0.67 * 1.95 0.31 ** 2.21 −0.005 0.99 0.86 *** 2.36 −0.48 * 0.62 1.67 *** 5.27 0.76 ** 2.15
Polit. Ideology

(Right)
Left 0.26 *** 1.3 0.2 *** 1.22 0.04 1.04 0.17 *** 1.18 −0.11 ** 0.9 0.35 *** 1.42 −0.2 *** 0.82

Centre 0.21 *** 1.23 0.11 ** 1.12 0.15 *** 1.16 0.06 1.06 0.07 1.07 0.05 1.05 −0.05 1.07
Political Interest Index (Not at All)
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Table A3. Cont.

Reduce And
Separate Waste

Use Fewer
Disposable Items

Energy Efficiency
Households (Eff
Hh) Appliances

Alternatives To Car
Use

Insulated Home
Better

Food Carbon
Footprint

Energy Saving
Equipment Home

β exp(β) β exp(β) 1 β exp(β) β exp(β) β exp(β) β exp(β) β exp(β)

Strong 0.25 *** 1.29 0.6 *** 1.82 0.55 *** 1.74 0.63 *** 1.88 0.52 *** 1.69 0.88 *** 2.4 0.23 *** 1.26
Medium 0.34 *** 1.4 0.41 *** 1.51 0.39 *** 1.47 0.37 *** 1.45 0.32 *** 1.37 0.42 *** 1.52 −0.007 0.99

Low 0.33 *** 1.39 0.31 *** 1.37 0.3 *** 1.34 0.34 *** 1.41 0.16 * 1.17 0.17 * 1.18 −0.14 0.87
Climate Change

Importance (Not a Serious
Problem)

A Fairly Serious Problem 0.17 * 1.19 0.21 ** 1.23 0.1 1.1 0.13 1.14 0.64 1.26 0.16 1.17 −0.07 0.94
A Very Serious Problem 0.7 *** 2.02 0.81 *** 2.24 0.53 *** 1.7 0.65 *** 1.92 0.18 * 1.19 0.76 *** 2.13 0.0001 1

Climate Change Resp. (No)
National Gov. 0.15 *** 1.16 0.18 *** 1.19 0.17 *** 1.18 0.09 ** 1.09 0.07 1.07 −0.1 * 0.9 0.04 1.04

European Union 0.16 *** 1.17 0.79 * 1.08 0.14 *** 1.15 0.09 ** 1.09 0.004 1.004 0.05 1.05 −0.03 0.97

Regional/Local Authorities −0.00089
*** 1 0.86 * 1.09 0.77 * 1.08 −0.05 0.95 0.07 1.07 0.28 *** 1.18 0.13 ** 1.14

Business and Industry 0.33 *** 1.4 0.17 *** 1.19 0.24 *** 1.27 0.04 1.04 0.06 1.06 0.05 1.05 −0.005 1
Citizens 0.21 *** 1.24 0.26 *** 1.3 0.16 *** 1.18 0.42 *** 1.53 0.14 *** 1.15 0.28 *** 1.32 0.17 *** 1.19

Env. Groups −0.09 * 0.92 −0.002 1 −0.07 0.94 0.07 1.08 −0.07 0.93 0.05 1.05 0.13 ** 1.14
Action on Climate Change will

Lead to Innovation (No)
Yes 0.28 *** 1.32 0.25 *** 1.29 0.25 *** 1.28 0.07 1.07 0.01 1.01 0.13 1.14 0.01 1.01

Constant −2.04 0.13 −2.34 0.1 −2.95 0.05 −2.5 0.08 −3.17 0.04 −4.52 0.01 −3.07 0.05
Observations 13714 13714 13714 13714 13714 13714 13714

No. of Groups 28 28 28 28 28 28 28
Log Likelihood −6726.7 −7989.75 8712.85 −8225.35 −7411.39 −5765.97 −5634.83

Wald Chi 2 673.63
***

791.48
***

891.36
***

792.21
***

607.97
***

696.91
***

245.83
***

Random Part Identity: Country

Variance (Constant) 0.39 0.22 0.19 0.12 0.2 0.33 0.3
(Intercept Variance)

(Standard Error) 0.11 0.06 0. 05 0.04 0.06 0.1 0.09

Variance at Country Level 2 (%) 10.59% 6.26% 4.53% 3.40% 5.73% 9.12% 8.36%

LR Test 624.95
***

344.68
***

372.26
***

248.94
***

311.61
***

246.27
***

401.07
***

Low Fuel
Consumption Car

Travel Carbon
Footprint

Switched Energy
Supplier

Installed Solar panels
Home

Bought Low-Energy
Home Electric car

β exp(β) β exp(β) β exp(β) β exp(β) β exp(β) β exp(β)

Gender (Men)
Women −0.23 *** 0.8 0.2 *** 1.23 −0.003 1 −0.07 0.93 −0.17 ** 0.84 −0.11 0.9

Age (15–24 Years)
25–34 Years −0.27 * 0.76 01 1.1 0.23 1.26 −0.006 0.99 0.12 1.13 −0.7 * 0.5
35–44 Years −0.35 ** 0.7 0.23 1.26 0.3 * 1.35 0.16 1.18 0.16 1.17 −0.62 * 0.54
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Table A3. Cont.

Low Fuel
Consumption Car

Travel Carbon
Footprint

Switched Energy
Supplier

Installed Solar panels
Home

Bought Low-Energy
Home Electric car

β exp(β) β exp(β) β exp(β) β exp(β) β exp(β) β exp(β)

45–54 Years −0.005 0.99 0.14 1.15 0.24 1.27 0.23 1.26 −0.1 0.9 −0.34 0.71
55–64 Years −0.16 0.85 0.07 1.07 0.26 1.29 0.5 1.64 −0.08 0.92 −0.32 0.73

65 Years and Over −0.27 0.77 0.02 1.02 0.18 1.2 0.33 ** 1.38 −0.08 0.93 −0.74 * 0.48
Age When Stopped

Education (1–15)
16–19 0.17 1.19 0.05 1.05 0.06 1.06 0.36 ** 1.43 0.06 1.06 0.14 1.15
20+ 0.39 *** 1.47 0.46 *** 1.59 0.31 *** 1.37 0.69 *** 1.98 0.31 * 1.36 0.48 1.61

Still Studying −0.32 0.72 0.55 *** 1.73 0.05 1.05 0.7 ** 2 0.45 1.56 0.26 1.3
No Full-Time Education −0.52 0.6 0.57 1.78 0.7 * 2.01 0.3 1.35 −0.42 0.66 0.52 1.67

Occupation
(Not Working)
Self-Employed 0.31 *** 1.36 0.46 1.58 0.18 * 1.2 0.3 ** 1.35 0.32 * 1.38 0.97 *** 2.63

Employed 0.02 1.02 0.02 *** 1.02 −0.11 0.89 −0.13 0.88 0.1 1.11 0.38 * 1.46
Marital Status

(Single HH without
Children)

Single HH with Children 0.25 * 1.29 −0.04 0.97 0.28 ** 1.32 0.22 1.25 0.36 * 1.43 −0.24 0.78
Multiple HH Without

Children 0.6 *** 1.82 0.08 1.08 0.3 *** 1.35 0.37 *** 1.45 0.31 *** 1.36 0.25 1.28

Multiple HH with Children 0.71 *** 2.04 0.08 1.08 0.49 *** 1.63 0.62 *** 1.86 0.56 *** 1.75 0.56 *** 1.75
Difficulties Paying Bills

(Most of the Time)
From Time to Time 0.19 1.21 0.34 ** 1.4 −0.16 0.85 −0.1 0.91 −0.06 0.94 −0.12 0.89

Almost Never 0.67 *** 1.95 0.36 ** 1.43 −0.02 0.97 0.17 1.18 0.36 * 1.44 0.23 1.26
Urban Area (Small Town)

Large Town −0.12 ** 0.89 0.14 *** 1.15 0.05 1.05 −0.27 *** 0.76 −0.21 ** 0.81 0.07 1.07
Region (East-Central

Europe)
Western Europe 0.53 *** 1.71 1.33 *** 3.78 1.53 *** 4.61 0.9 *** 2.46 0.94 *** 2.57 0.94 *** 2.55

Southern Europe −0.2 0.82 −0.1 0.91 0.12 1.13 1.4 *** 4.02 0.21 1.23 0.37 1.45
Nordic Nations 0.69 *** 1.98 1.84 *** 6.32 1.56 *** 4.74 0.16 1.18 0.28 1.32 0.6 * 1.82
Polit. Ideology

(Right)
Left −0.22 *** 0.8 0.59 *** 1.81 0.09 1.09 −0.09 0.92 −0.09 0.92 −0.39 ** 0.68

Center −0.09 0.91 0.34 *** 1.41 0.01 1.02 −0.16 0.85 0.07 1.07 −0.38 * 0.68
Political Interest Index

(Not at All)
Strong 0.44 *** 1.55 0.76 2.14 0.66 *** 1.93 0.19 1.21 0.32 ** 1.37 −0.1 0.91

Medium 0.25 *** 1.28 0.27 1.3 0.37 *** 1.45 0.01 1.01 0.05 1.05 −0.31 0.73
Low 0.17 1.19 0.11 1.12 0.32 *** 1.38 −0.06 0.94 −0.06 0.94 −0.13 0.88
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Table A3. Cont.

Low Fuel
Consumption Car

Travel Carbon
Footprint

Switched Energy
Supplier

Installed Solar panels
Home

Bought Low-Energy
Home Electric car

β exp(β) β exp(β) β exp(β) β exp(β) β exp(β) β exp(β)
Climate Change

Importance (not a Serious
Problem)

A Fairly Serious Problem 0.12 1.13 0.5 1.64 −0.01 0.99 −0.17 0.84 0.21 1.23 −0.12 0.89
A very Serious Problem 0.3 ** 1.35 0.93 2.54 0.26 ** 1.3 −0.06 0.95 0.2 1.22 0.07 1.07

Climate Change Resp. (No)
National Gov. −0.06 0.94 −0.07 0.93 0.09 1.1 0.13 1.14 0.06 1.06 −0.14 0.87

European Union 0.06 1.06 0.05 1.05 0.05 0.05 0.09 1.1 −0.04 0.96 −0.04 0.97
Regional/Local Authorities −0.04 0.96 0.009 1.01 0.05 1.05 0.15 1.16 0.07 1.07 0.36 ** 1.44

Business and Industry 0.02 1.02 −0.14 0.99 −0.03 0.97 −0.17 0.85 −0.21 ** 0.81 0.006 1.01
Citizens 0.19 *** 1.21 0.38 *** 0.99 −0.18 *** 1.2 0.22 1.25 0.11 1.12 0.07 1.07

Env. Groups 0.06 1.06 0.1 1.1 0.1 1.1 0.38 1.04 0.3 1.03 0.06 1.07
Action on Climate Change

will Lead to Innovation
(no)
Yes −0.05 0.95 0.09 1.09 0.22 ** 1.25 0.03 1.03 0.05 1.05 −0.19 0.83

Constant −3.52 0.03 −5.61 0.004 −4.68 0.01 −4.64 0.01 −4.43 0.01 −4.62 0.01
Observations 13714 13714 13714 13714 13714 13714

No. of Groups 28 28 28 28 28 28
Log likelihood −5127.18 −4582.28 −4585.54 −2917.55 −2576.41 −1144.6

Wald Chi 2 424.58 *** 572.44 *** 279.46 *** 190.72 *** 135 *** 107.2 ***
Random Part Identity: Country

Variance (Constant) 0.14 0.16 0.34 0.46 0.27 0.16
(Intercept Variance)

(Standard Error) 0.05 0.05 0.11 0.14 0.09 0.08

Variance at Country
Level 1 (%) 4.08% 4.64% 9.37% 12.27% 7.58% 4.64%

LR Test 87.13 *** 147.19 *** 180.31 213.54 111.08 12.8

Note: All coefficients are compared to the benchmark category, shown in brackets. All country level indicators were centred to the sample mean. For the sample of 18,529 respondents.
*** p < 0.01, ** p < 0.05, * p < 0.1. 1 Odds ratio. 2 Variance partition coefficient: measures the proportion of the total residual variance that is due to between-group variation.
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Table A4. Multilevel mixed-effects logistic regression of climate change mitigation cumulative actions in EU.

Model I Model II Model III Model IV Model V Model VI

β exp(β) 1 β exp(β) β exp(β) β exp(β) β exp(β) β exp(β)

Gender (men)
Women 0.21 *** 1.23 0.21 *** 1.23 0.21 *** 1.23 0.21 *** 1.23 0.21 *** 1.23 0.21 *** 1.23
Age (15–24 years)
25–34 years 0.36 *** 1.43 0.35 *** 1.42 0.35 *** 1.43 0.35 *** 1.43 0.35 *** 1.43 0.36 *** 1.42
35–44 years 0.37 *** 1.45 0.37 *** 1.45 0.37 *** 1.45 0.37 *** 1.45 0.37 *** 1.45 0.37 *** 1.45
45–54 years 0.46 *** 1.58 0.46 *** 1.58 0.46 *** 1.58 0.46 *** 1.58 0.46 *** 1.58 0.46 *** 1.58
55–64 years 0.49 *** 1.63 0.49 *** 1.63 0.5 *** 1.63 0.49 *** 1.63 0.49 *** 1.63 0.49 *** 1.64
65 years and over 0.45 *** 1.57 0.45 *** 1.57 0.45 *** 1.57 0.45 *** 1.57 0.45 *** 1.57 0.45 *** 1.57
Age when stopped
Education (1–15)
16–19 0.31 *** 1.36 0.31 *** 1.36 0.31 *** 1.36 0.31 *** 1.36 0.31 *** 1.36 0.31 *** 1.36
20+ 0.7 *** 2.02 0.7 *** 2.02 0.7 *** 2.02 0.7 *** 2.02 0.7 *** 2.03 0.7 *** 2.02
Still studying 0.49 *** 1.64 0.49 *** 1.63 0.49 *** 1.63 0.49 *** 1.63 0.49 *** 1.64 0.5 *** 1.64
No full-time education 0.12 1.12 0.12 1.13 0.12 1.12 0.12 1.12 0.12 1.12 0.12 1.12
Occupation
(not working)
Self-employed 0.29 *** 1.34 0.29 *** 1.34 0.29 *** 1.34 0.29 *** 1.34 0.3 *** 1.34 0.29 *** 1.35
Employed −0.07 0.93 −0.07 0.93 −0.07 0.93 −0.07 0.93 −0.07 0.93 −0.07 0.94
Marital status
(single HH without children)
Single HH with children 0.28 *** 1.33 0.28 *** 1.33 0.28 *** 1.33 0.28 *** 1.33 0.28 *** 1.33 0.28 *** 1.33
Multiple HH without children 0.35 *** 1.42 0.35 *** 1.42 0.35 *** 1.42 0.35 *** 1.42 0.35 *** 1.42 0.35 *** 1.42
Multiple HH with children 0.53 *** 1.7 0.53 *** 1.7 0.53 *** 1.7 0.53 *** 1.7 0.53 *** 1.7 0.53 *** 1.7
Difficulties paying bills (most of
the time
From time to time 0.3 *** 1.34 0.3 *** 1.34 0.3 *** 1.35 0.3 *** 1.35 0.3 *** 1.34 0.3 *** 1.34
Almost never 0.7 ** 2.01 0.7 *** 2.01 0.7 *** 2.02 0.7 *** 2.01 0.7 *** 2 0.7 ** 1.99
Urban area (small town)
Large town −0.11 ** 0.89 −0.11 ** 0.89 −0.11 ** 0.89 −0.11 ** 0.89 −0.11 0.89 −0.11 ** 0.89
Region (East-Central Europe)
Western Europe 1.14 *** 3.11 0.69 * 2 0.71 * 3.95 0.71 * 2.03 0.87 *** 2.38 0.72 *** 2.05
Southern Europe 0.26 1.3 0.13 1.14 −0.07 1.42 −0.07 0.94 0.58 ** 1.78 0.45 ** 1.57
Nordic nations 1.21 *** 3.35 0.57 1.76 0.55 4.13 0.55 1.73 0.5 1.65 0.38 1.47
Polit. ideology
(right)
Left 0.21 *** 1.23 0.21 *** 1.23 0.21 *** 1.24 0.21 *** 1.23 0.21 *** 1.23 0.21 *** 1.23
Centre 0.1 * 1.11 1 * 1.1 0.1 * 1.11 0.1 * 1.11 0.1 * 1.11 0.1 * 1.11
Political interest index (not at all)
Strong 0.9 *** 2.45 0.9 *** 2.45 0.9 *** 2.45 0.9 *** 2.46 0.9 *** 2.45 0.9 *** 2.45
Medium 0.46 *** 1.59 0.46 *** 1.59 0.47 *** 1.59 0.47 *** 1.59 0.46 *** 1.59 0.47 *** 1.59
Low 0.32 *** 1.38 0.32 *** 1.38 0.32 *** 1.38 0.32 *** 1.38 0.32 *** 1.38 0.32 *** 1.38
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Table A4. Cont.

Model I Model II Model III Model IV Model V Model VI

β exp(β) 1 β exp(β) β exp(β) β exp(β) β exp(β) β exp(β)
Climate change
Importance (not a
serious problem)
A fairly serious problem 0.21 * 1.23 0.21 * 1.23 0.21 * 1.23 0.21 * 1.23 0.21 * 1.23 0.21 * 1.23
A very serious problem 0.86 *** 2.37 0.86 *** 2.37 0.86 *** 2.37 0.86 *** 2.37 0.86 *** 2.37 0.86 *** 2.37
Climate change resp. (no)
National gov. 0.13 ** 1.13 0.12 ** 1.13 0.13 ** 1.13 0.13 ** 1.13 0.12 ** 1.13 0.12 ** 1.13
European Union 0.04 1.04 0.04 1.04 0.04 1.04 0.04 1.04 0.04 1.04 0.04 1.04
Regional/local authorities 0.11 ** 1.12 0.11 ** 1.12 0.11 ** 1.12 0.11 ** 1.12 0.11 ** 1.12 0.11 ** 1.12
Business and industry 0.16 *** 1.17 0.16 *** 1.17 0.16 *** 1.17 0.16 *** 1.17 0.16 *** 1.17 0.16 *** 1.17
Citizens 0.38 *** 1.46 0.38 *** 1.46 0.38 1.46 0.38 *** 1.46 0.38 *** 1.46 0.38 *** 1.46
Env. groups −0.07 0.93 −0.07 0.93 −0.07 0.93 −0.07 0.93 −0.07 0.93 −0.07 0.93
Action on climate change will
lead to innovation (no)
Yes 0.16 ** 1.18 0.16 ** 1.18 0.16 ** 1.18 0.16 ** 1.18 0.16 1.18 0.16 ** 1.18
GDP/capita 8.43 * 10−6 1
HDI 10.27 ** 28,935.8
HPI −0.014 0.99
SPI 0.09 ** 1.09
Internet skills 0.04 ** 1.04
Internet access 0.82 *** 1.09
Government effectiveness index
Policy performance index
Environment
Large town *HDI
Large town *SPI
Large town *environment
Constant −5.2 0.006 −4.96 0.007 −4.92 0.005 −4.92 0.5 −5.09 0.006 −11.77 7.7 * 10−7

Observations 13,714 13,714 13,714 13,714 13,714 13,714
No. of groups 28 28 28 28 28 28
Log likelihood −6803.1 −6801.51 −6803.15 −6801.55 −6800.54 −6798.35
Wald Chi 2 1030.58 *** 1038.71 1030.28 1038.65 1043.86 1057.57 ***

RANDOM PART IDENTITY: COUNTRY

Variance (constant) 0.28 0.25 0.28 0.25 0.23 0.19
(Intercept variance)
(standard error) 0.08 0.07 0.08 0.07 0.07 0.06

Variance at country level 2 (%) 7.84% 7.06% 7.84% 7.06% 6.53% 5.46%
LR test 369.54 *** 338.71 *** 370.31 *** 309.61 *** 259.76 *** 229.46 ***
Gender (men)
Women 0.21 *** 1.23 0.21 *** 1.23 0.21 *** 1.23 0.2 *** 1.23 0.2 *** 1.23 0.2 *** 1.23
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Table A4. Cont.

Model I Model II Model III Model IV Model V Model VI

β exp(β) 1 β exp(β) β exp(β) β exp(β) β exp(β) β exp(β)
Age (15−24 years)
25–34 years 0.36 *** 1.43 0.35 *** 1.43 0.35 *** 1.43 0.35 *** 1.43 0.35 *** 1.42 0.36 *** 1.43
35–44 years 0.37 *** 1.45 0.37 *** 1.45 0.37 *** 1.45 0.37 *** 1.45 0.37 *** 1.45 0.38 *** 1.46
45–54 years 0.46 *** 1.58 0.46 *** 1.58 0.46 *** 1.58 0.46 *** 1.58 0.46 *** 1.58 0.46 *** 1.58
55–64 years 0.49 *** 1.63 0.49 *** 1.63 0.49 *** 1.63 0.49 *** 1.63 0.49 *** 1.63 0.5 *** 1.64
65 years and over 0.45 *** 1.57 0.45 *** 1.57 0.45 *** 1.57 0.45 *** 1.57 0.45 *** 1.57 0.45 *** 1.57
Age when stopped
Education (1–15)
16–19 0.31 *** 1.36 0.31 *** 1.36 0.31 *** 1.36 0.31 *** 1.36 0.31 *** 1.36 0.31 *** 1.37
20+ 0.7 *** 2.02 0.7 *** 2.02 0.7 *** 2.02 0.7 *** 2.02 0.7 *** 2.01 0.7 *** 2.02
Still studying 0.5 *** 1.63 0.49 *** 1.64 0.49 *** 1.64 0.49 *** 1.63 0.49 *** 1.63 0.49 *** 1.64
No full-time education 0.12 1.13 0.12 1.12 0.12 1.12 0.12 1.13 0.12 1.13 0.12 1.13
Occupation
(not working)
Self-employed 0.29 *** 1.34 0.29 *** 1.34 0.29 *** 1.34 0.29 *** 1.34 0.29 *** 1.33 0.29 *** 1.33
Employed −0.07 0.93 −0.07 0.93 −0.07 0.93 −0.07 0.93 −0.07 0.93 −0.07 0.93
Marital status
(single HH without children)
Single HH with children 0.28 *** 1.33 0.28 *** 1.33 0.28 *** 1.33 0.28 *** 1.33 0.28 *** 1.33 0.28 *** 1.33
Multiple HH without children 0.35 *** 1.42 0.34 *** 1.42 0.35 *** 1.42 0.35 *** 1.42 0.35 *** 1.42 0.35 *** 1.42
Multiple HH with children 0.53 *** 1.7 0.53 *** 1.7 0.53 *** 1.7 0.53 *** 1.7 0.53 *** 1.7 0.53 *** 1.7
Difficulties paying bills (most of
the time)
From time to time 0.3 *** 1.34 0.29 *** 1.34 0.3 *** 1.34 0.3 *** 1.35 0.3 *** 1.35 0.3 *** 1.35
Almost never) 0.7 ** 2.02 0.7 ** 2 0.7 ** 2.02 0.7 ** 2.02 0.7 ** 2.02 0.7 ** 2.02
Urban area (small town)

Large town −0.11 ** 0.89 −0.11 ** 0.89 −0.11 ** 0.89 −0.14 ** 0.87 −0.14 ** 0.87 −0.13 ** 0.88
Region (East-Central Europe)
Western Europe 1.38 *** 4 0.91 *** 2.49 1.25 *** 3.49 0.69 * 2 0.71 * 2.04 1.25 *** 3.5 ***
Southern Europe 0.28 1.33 0.43 * 1.54 0.51 * 1.67 0.13 1.13 −0.06 0.94 0.52 * 1.68 *
Nordic nations 1.46 ** 4.3 0.51 ** 1.67 0.96 ** 2.61 0.57 1.77 0.55 1.75 0.97 ** 2.65 **
Polit. ideology
(right)
Left 0.21 *** 1.23 0.21 *** 1.23 0.21 *** 1.23 0.21 *** 1.23 0.21 *** 1.23 0.21 *** 1.24
Centre 0.1 * 1.11 0.1 * 1.1 0.1 * 1.1 0.1 * 1.1 0.1 * 1.1 0.1 * 1.11
Political interest index (not at all)
Strong 0.9 *** 2.45 0.9 *** 2.46 0.9 *** 2.45 0.89 *** 2.45 0.9 *** 2.45 0.9 *** 2.45
Medium 0.46 *** 1.59 0.47 *** 1.59 0.46 *** 1.59 0.46 *** 1.59 0.46 *** 1.59 0.46 *** 1.59
Low 0.32 *** 1.38 0.32 *** 1.38 0.32 *** 1.38 0.32 *** 1.38 0.32 *** 1.38 0.32 *** 1.38
Climate change
Importance (not a
serious problem)
A fairly serious problem 0.21 * 1.23 0.21 * 1.23 0.21 * 1.23 0.2 * 1.23 0.2 * 1.23 0.21 * 1.23
A very serious problem 0.86 *** 2.37 0.86 *** 2.36 0.86 *** 2.37 0.85 *** 2.36 0.85 *** 2.36 0.86 *** 2.37
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Table A4. Cont.

Model I Model II Model III Model IV Model V Model VI

β exp(β) 1 β exp(β) β exp(β) β exp(β) β exp(β) β exp(β)
Climate change resp. (no)
National gov. 0.13 ** 1.13 0.12 ** 1.13 0.13 ** 1.13 0.13 ** 1.13 0.13 ** 1.13 0.13 ** 1.13
European Union 0.04 1.04 0.04 1.04 0.04 1.04 0.04 1.04 0.04 1.04 0.04 1.04
Regional/local authorities 0.11 ** 1.12 0.11 ** 1.12 0.11 ** 1.12 0.11 ** 1.12 0.11 ** 1.12 0.11 ** 1.12
Business and industry 0.16 *** 1.17 0.16 *** 1.17 0.16 *** 1.17 0.16 *** 1.17 0.16 *** 1.16 0.16 *** 1.16
Citizens 0.38 *** 1.46 0.38 *** 1.46 0.38 *** 1.46 0.38 *** 1.47 0.38 *** 1.47 0.38 *** 1.46
Env. groups −0.07 0.93 −0.07 0.93 −0.07 0.93 −0.07 0.94 −0.07 0.94 −0.07 0.93
Action on climate change will
lead to innovation (no)
Yes 0.16 ** 1.18 0.16 ** 1.18 0.16 ** 1.18 0.17 1.18 0.17 1.18 0.16 1.18
GDP/capita
HDI 9.31 * 11040.3
HPI
SPI 0.08 * 1.08
Internet skills
Internet access
Government effectiveness index −0.05 0.95
Policy performance index 0.43 ** 1.54
Environment 0.23 * 1.26 0.2 1.22
Large town *HDI 2.16 * 8.67
Large town *SPI 0.02 * 1.02
Large town *environment 0.08 * 1.08
Constant −5.09 0.006 −5.07 0.006 −5.24 −0.005 −4.95 −0.007 −4.91 0.007 −5.24 0.005
Observations 13,714 13,714 13,714 13,714 13,714 13,714
No. Of groups 28 28 28 28 28 28
Log likelihood −6803.27 −6800.65 −6801.78 −6801.05 −6799.86 −6800.17
Wald Chi 2 1029.72 *** 1043.3 *** 1037.06 *** 1040.85 *** 1041.26 *** 1039.57 ***

Random part identity: country

Variance (constant) 0.29 0.23 0.26 0.25 0.25 0.25
(Intercept variance)
(standard error) 0.08 0.07 0.07 0.07 0.07 0.25

Variance at country level (%) 8.1% 6.53% 7.32% 7.06% 7.06% 7.06%
LR test 369.51 *** 296.61 *** 338.27 *** 340.07 *** 310.78 *** 337.01 ***

1 Odds ratio. 2 Variance partition coefficient: measures the proportion of the total residual variance that is due to between-group variation. *** p < 0.01, ** p < 0.05, * p < 0.1.
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