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Abstract

The overarching aim of the current project was to gain a better understanding of
factors influencing climate change risk perceptions across Europe. The project
focused on the associations between beliefs about the causes and consequences of
climate change, worry about climate change, and climate change mitigation behavior,
as well as on people's beliefs about important climate change impacts on the country
in which they live. Secondary data from two large cross-national surveys of public
perceptions, namely Round 8 of the European Social Survey (N = 44,387) and the
European Perceptions of Climate Change Project (N = 4, 048) was used to investigate
these relationships in three separate papers. Climate change worry was at the core of
the project. While the first two papers focused on the causes and consequences of
worry about climate change, the third paper looked more closely at how worry relates

to what people imagine the impacts of climate change will be.

Paper I explored the relationship between beliefs about the causes and consequences
of climate change (climate change beliefs) and worry about climate change, and how
this relationship varies as a function of self-reported political orientation. The results
showed that those with stronger beliefs in the anthropogenic nature and negative
consequences of climate change reported higher levels of worry. Although there was a
positive relationship between such climate change beliefs and worry about climate
change independent of political orientation, the relationship was stronger for those
placing themselves further left on the political spectrum. Moreover, the relationship
between political orientation and worry differed across the countries included in the

study and was strongest in Western Europe.

Paper II investigated whether personal or collective efficacy, as well as personal or
collective outcome expectancy, influence the relationship between worry about
climate change and energy-saving behaviors. In the paper, efficacy refers to beliefs
about whether people individually or collectively can use less energy, while outcome
expectancy refers to beliefs about whether changes in energy use would help reduce

climate change. Two types of energy-saving behaviors were investigated in the study:



curtailment behaviors (habitual or low-cost behaviors such as switching off appliances
not currently in use) and efficiency behaviors (long-term investments such as buying
energy efficient household appliances). The results showed that climate change worry
was more strongly related to curtailment behaviors among those with high levels of
personal or collective outcome expectancy and more strongly related to efficiency
behaviors among those with high levels of collective outcome expectancy. Worry
about climate change explained variance in energy-saving behaviors over and above

efficacy and outcome expectancy.

Paper III focused on beliefs about how climate change may affect one’s own country,
based on survey data from four European countries. Respondents were asked to
answer the following open-ended question: ‘Climate change may affect different
countries in different ways. What do you think will be the most important effect of
climate change on [France/Germany/Norway/the UK]?’. The provided answers were
sorted into six impact categories describing expected climate change consequences:
(1) changes to attitudes and goals, (2) changes to human activities, (3) emissions and
pollution, (4) environmental changes, (5) impacts on humans and (6) expectations of
few or no impacts. The results revealed that most people associated climate change
with environmental changes. Still, certain differences between countries, as well as
between demographic and ideological groups, could be identified. For example, those
in the age groups 55 — 64 and 65 +, people placing themselves further right on the
political spectrum, and men were more likely to expect few or no climate change
effects on their country. The results also showed that the six impact categories were
differentially related to worry about climate change. Further analyses accounted for
the width (number of impact categories mentioned) and depth (how specific the
mentioned impact was) of people’s open-ended responses and found that both aspects

were related to higher levels of climate change worry.

In sum, the reported findings support the notion that climate change beliefs and worry
about climate change are relevant predictors of climate change mitigation behavior.
This thesis’ largest contribution stems from the finding that people’s expectations

regarding climate change impacts, as well as the relationship between climate change



beliefs, worry, and energy-saving behaviors are conditional on factors such as country,
demographics, political orientation, and efficacy beliefs. These findings are relevant
for understanding people’s emotional and behavioral reactions to climate change and

for developing effective communication strategies aimed at different groups.
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Sammendrag

Det overordnede mélet med dette prosjektet var & fa en bedre forstaelse av faktorer
som pévirker klimarelatert risikooppfatning i Europa. Prosjektet fokuserte pa forholdet
mellom oppfatninger av klimaendringenes arsaker og konsekvenser, klimabekymring
og klimavennlig atferd, samt folks oppfatninger av viktige klimakonsekvenser i landet
de bor i. Sekunderdata fra to store tverrnasjonale sperreundersekelser, Runde 8 av
European Social Survey (N = 44,387) og European Perceptions of Climate Change
Projektet (N = 4, 048), ble brukt for 4 undersgke disse sammenhengene i tre separate
artikler. Klimabekymring var kjernen i prosjektet. Mens de to forste artiklene
fokuserte pa arsakene til og konsekvensene av klimabekymring, sé den tredje
artikkelen naermere pa hvordan bekymring er relatert til hva folk ser for seg at

konsekvensene av klimaendringen vil vere.

Artikkel I undersekte forholdet mellom oppfatninger av klimaendringenes arsaker og
konsekvenser (klimaoppfatninger) og bekymring for klimaendringene, samt hvordan
dette forholdet kan variere som funksjon av selvrapportert politisk orientering.
Resultatene viste at de med sterkere tro pé at klimaendringene er menneskeskapte og
vil ha negative konsekvenser, rapporterte hayere nivaer av bekymring. Selv om det
var en positiv sammenheng mellom slike klimaoppfatninger og bekymring for
klimaendringene uavhengig av politisk orientering, s& var ssmmenhengen sterkere for
de som plasserte seg lenger til venstre pa det politiske spekteret. Videre varierte
sammenhengen mellom politisk orientering og klimabekymring mellom landene som

var inkludert i studien og den var sterkest i Vest-Europa.

Artikkel II undersekte hvorvidt personlig eller kollektiv mestringstro, samt personlig
eller kollektiv utfallsforventning, kan pavirke sammenhengen mellom
klimabekymring og energisparende atferd. I artikkelen refererer mestringstro til troen
pa hvorvidt folk individuelt eller kollektivt kan bruke mindre energi, mens
utfallsforventning refererer til troen pé hvorvidt endringer i energibruk kan bidra til &
redusere klimaendringene. To typer energiatferd ble undersekt i studien:

reduksjonsatferd (vanemessig eller lite kostbar atferd som & skru av apparater som
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ikke er i bruk) og effektivitetsatferd (langsiktige investeringer som a kjope
energieffektive husholdningsapparater). Resultatene viste at klimabekymring var
sterkere relatert til reduksjonsatferd blant de med heye nivéer av personlig eller
kollektiv utfallsforventning, og sterkere relatert til effektivitetsatferd blant de med
haye nivéer av kollektiv utfallsforventning. Bekymring for klimaendringene forklarte

variasjon i energiatferd utover mestringstro og utfallsforventning.

Artikkel III fokuserte pa hvilke konsekvenser folk ser for seg at klimaendringene vil
ha i landet de bor i, basert pé sperreundersekelser fra fire europeiske land.
Respondentene ble bedt om & svare pé folgende &pne spersmal: ‘Klimaendringene kan
pavirke forskjellige land pé ulike méater. Hva tror du vil vaere den viktigste effekten av
klimaendringene i [Frankrike/Tyskland/Norge/Storbritannia]?’. Svarene ble sortert inn
1 seks konsekvenskategorier som beskriver forventede klimakonsekvenser: (1)
endringer i holdninger og mal, (2) endringer i menneskelige aktiviteter, (3) utslipp og
forurensning, (4) endringer i klima og milje, (5) konsekvenser for mennesker og (6)
forventninger om fa eller ingen klimakonsekvenser. Resultatene viste at folk flest
assosierte klimaendringer med endringer i klima og milje. Likevel kunne visse
forskjeller mellom landene, samt mellom demografiske og ideologiske grupper
identifiseres. For eksempel svarte de 1 aldersgruppene 55 — 64 og 65 +, de som
plasserte seg lenger til hayre pa det politiske spekteret, og menn oftere at de forventet
fa eller ingen klimakonsekvenser i landet de bor i. Resultatene viste ogsé at de seks
konsekvenskategoriene var ulikt relatert til klimabekymring. Ytterligere analyser
undersgkte bredden (antall konsekvenskategorier som var nevnt) og dybden (hvor
spesifikke de nevnte klimakonsekvensene var) i de apne svarene og fant at begge

aspektene var relatert til hoyere nivéer av klimabekymring.

Oppsummert statter de rapporterte funnene ideen om at klimaoppfatninger og
klimabekymring er relevante prediktorer for klimavennlig atferd. Avhandlingens
storste bidrag stammer fra funnene som viser at folks forventninger vedrarende
klimakonsekvenser, samt sammenhengen mellom klimaoppfatninger, bekymring og
energiatferd avhenger av faktorer som landet man bor i, demografi, politisk

orientering og mestringstro. Funnene er relevante for & forsta folks emosjonelle og
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atferdsmessige reaksjoner pa klimaendringene og for & utvikle effektive

kommunikasjonsstrategier rettet mot ulike grupper.
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1. Introduction

It is unnecessary to create anxiety. But the paradox is that we don’t solve problems

unless we see them as problems (Magnason, 2020, p. 192).

Although the scientific consensus on anthropogenic climate change is overwhelming,
the international community has not yet been successful in implementing sufficient
mitigation efforts to keep on track to limit global warming to below 1.5 degrees
Celsius (IPCC, 2021). Changes in public perception, as well as in lifestyle and
behavior, are critical to enabling and expanding our options for climate change
mitigation and adaptation (IPCC, 2022a, 2022b). Technological progress, for example
regarding renewable energy sources, can play an important role in climate change
mitigation. However, the successful development and adoption of renewable energy
depends on public acceptance (Boudet, 2019; Toke, 2005). Furthermore, reducing
energy demand lowers the potential mitigation risks stemming from increased energy

production and supply (Creutzig et al., 2018; von Stechow et al., 2016).

Insight into public perceptions' of climate change is key for building engagement and
predicting policy support, technological adoption, and climate mitigation behavior
(Whitmarsh & Capstick, 2018). Although psychology has already made a substantial
contribution with theory and research on public perceptions and behavior (Clayton &
Manning, 2018; Nielsen et al., 2021; Swim et al., 2009), there is a call for further
research to assist climate change mitigation and adaptation (APA Task Force on

Climate Change, 2022).

One factor that has been highlighted as a barrier to individual and societal climate
mitigation efforts is public skepticism towards the reality, causes, or consequences of
climate change (Poortinga, Spence, Whitmarsh, Capstick, & Pidgeon, 2011;
Rahmstorf, 2004). However, research shows that most people, across countries, now

agree that the climate is changing, that this is at least partly caused by human activity,

! Climate change “perceptions’ reflect “the cognitive (e.g., knowledge), affective (e.g., emotional), and
evaluative (e.g., perceived risk) dimensions of individuals’ internal representation of the issue” (Whitmarsh &
Capstick, 2018, p. 13).
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and that the consequences will be mostly negative (Leiserowitz, Carman et al., 2021;
Leiserowitz, Maibach et al., 2021; Poortinga et al., 2018). Still, the level of climate
change worry is quite moderate; only 28% of people across the 23 countries included
in Round 8 of the European Social Survey are ‘worried’ or ‘extremely worried’ about
it (Poortinga et al., 2018). One important question, then, is how and when beliefs
about the causes and consequences of climate change are related to worry and when

climate change worry translates into a motivation to act against the threat.

Characterized by a high degree of uncertainty, causes and consequences that are not
directly observable, and the need for collective action, climate change is a highly
relevant case for risk perception research (Swim & Whitmarsh, 2018). A reason not to
worry, or at least to worry less, is thinking of climate change as somewhat distant
(Reser, Bradley, & Ellul, 2014; Spence, Poortinga, & Pidgeon, 2012), for example by
believing that negative impacts will mainly affect geographically remote places
(Leiserowitz et al., 2020; Schultz et al., 2014; Tvinnereim et al., 2020). However, as
the worldwide consequences of climate change become more apparent (IPCC, 2022a),
people increasingly report seeing climate change as a global emergency (Flynn et al.,
2021) and mention it as a major challenge for their own country (Pew Research
Center, 2019, 2020). Still, lowering the perceived spatial distance of climate change is
likely not enough to initiate climate change engagement (for an extended discussion of
this, see Briigger, Dessai, Devine-Wright, Morton, & Pidgeon, 2015; Briigger,
Morton, & Dessai, 2016).

Rather than being based on an “objective” assessment of the likelihood and severity of
consequences, risk perception is subjective and intertwines with a range of other
judgments and characteristics (Slovic, 1987). For example, climate change risk
perception might be influenced by the perceived importance and relevance of climate
change causes and consequences for one’s needs or goals, and the degree to which
climate change mitigation aligns with one’s standards, norms, and values (Scherer,
1999). In line with this, research has found that socio-cultural factors can influence
people’s attitudes towards climate change. Most notably, political orientation has been

a consistent predictor of climate change beliefs (Driscoll, 2019; Hornsey, Harris, Bain,
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& Fielding, 2016; McCright, Marquart-Pyatt, Shwom, Brechin, & Allen, 2016) and
concern about the environment or climate change (Cruz, 2017; Poortinga, Whitmarsh,
Steg, Bohm, & Fisher, 2019). Predictors of climate change perceptions have also been
found to differ between countries (Hornsey, Harris, & Fielding, 2018; Lee,
Markowitz, Howe, Ko, & Leiserowitz, 2015; Lewis, Palm, & Feng, 2019; Poortinga et
al., 2019; Smith & Mayer, 2018). As argued by Van der Linden et al. (2017), both
cultural and cognitive factors can be valid explanations for risk perception and both

should be taken into account if the goal is to understand reactions to climate change.

Motivation to act against a threatening situation is not only determined by appraisals
of the risk itself (how harmful the potential impacts would be and how likely they are
to be experienced), but also by appraisals of one’s ability to cope (whether one would
be able to act and whether this action would successfully prevent harm) (Lazarus &
Folkman, 1984; Rogers, 1975). Beliefs about coping are based on efficacy beliefs
(Bandura, 1977), the degree to which action seems possible and effective in solving a
threat. Due to the collective nature of climate change, beliefs about whether people
can work together to act against climate change might be particularly important, but
have been less researched (Koletsou & Mancy, 2011; Lubell, Zahran, & Vedlitz,
2007).

The present project contributes to the current state of knowledge by broadening our
understanding of the conditions that underlie individuals’ willingness to accept
climate change as a risk and the relationships between subjective risk judgments and
people’s intentions to address the issue. The three papers address topics ranging from
climate change beliefs to worry about climate change and climate change mitigation
behaviors, along with individual-level factors like political orientation and personal
and collective efficacy beliefs, which are formed in specific socio-cultural contexts.
The findings can help us gain a better understanding of reactions to proposed policies
and mitigation actions, and develop more effective communication or educational
campaigns. In the following sections, the project’s theoretical and empirical

foundations are presented.
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1.1 Climate change beliefs

People’s understanding and awareness of climate change, including their beliefs about
the degree to which climate change is happening, is caused by humans and will have
negative consequences, is highly relevant. What people think about the causes and
consequences of potentially threatening situations influences their emotional and
behavioral reactions (Bostrom, 2017; Wolf & Moser, 2011), and incorrect beliefs
might lead people to avoid taking action or support or enact ineffective solutions.
Furthermore, knowledge of the public understanding, as well as the relationship
between different beliefs and engagement, is central for communication efforts, as
“effective communication must focus on the things that people need to know but do

not already” (Morgan, Fischhoff, Bostrom, & Atman, 2002, p. 19).

Several large-scale surveys have used close-ended questions to tap into the degree to
which people think humans are influencing the climate and how negative the
consequences of climate change will be. These beliefs are often referred to as ‘climate
change beliefs’ or ‘climate change perceptions’ in the literature, and they have
repeatedly been found to be connected to climate change risk perception (Bohm,
2003; Lee et al., 2015; Shi, Visschers, Siegrist, & Arvai, 2016; Tobler, Visschers, &
Siegrist, 2012; Van Valkengoed, Steg, & Perlaviciute, 2021).

Another way to tap into people’s beliefs about climate change causes and
consequences is to analyze answers to open-ended questions. Open-ended questions
make it possible to gain an understanding of people’s unprompted climate change
beliefs. Previous research utilizing this method has mainly focused on what people
broadly associate with the term ‘climate change’ (for an overview, see Tvinnereim &
Flottum, 2015). Many answers to general open-ended questions about climate change
include reflections about its consequences, particularly environmental impacts
(Leiserowitz, 2006; Punter, Ochando-Pardo, & Garcia, 2011; Smith & Leiserowitz,
2012; Whitmarsh, 2009). Furthermore, the type of climate change associations people
make is related to their risk judgments (Smith & Leiserowitz, 2012).
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In sum, people’s beliefs about the causes and consequences of climate change can
influence whether they perceive climate change to be a risk. Different causes and
consequences might be seen as more or less personally relevant and possible to
mitigate or adapt to. Although previous research has identified a relationship between
climate change beliefs and risk perceptions, we know less about people’s free
associations regarding climate change consequences. The current project focuses on
climate change beliefs by looking at people’s perceptions of the anthropogenic causes
and negative consequences of climate change as well as their unprompted

expectations regarding climate change impacts on their own country.

1.2 Worry about climate change

Several measurements have been used in surveys to explore climate change risk
perception among the general public; for example, asking people how worried or
concerned they are about climate change, how serious they expect the consequences
of climate change to be, or how likely it is that severe impacts will happen (Van der
Linden, 2017). According to Van der Linden (2017), these different concepts can be
seen as elements of a ‘hierarchy of concern’, which can be illustrated as a pyramid
spanning from broad and general likelihood ratings, through perceived severity and
generalized concern, and ending in personal worry. Although the concepts have
sometimes been used interchangeably in the literature, they are assumed to each have
a different relationship with behavioral reactions. Worry is thought to be closely
related to behavior, while generalized concern, severity beliefs, or likelihood ratings in

isolation do not motivate action (Van der Linden, 2017).

While worry is an emotional reaction with a cognitive component, environmental
concern is less experiential and can be seen as more of an ‘attitude’ towards or
evaluation of climate change (Fransson & Gérling, 1999). The risk-as-feelings
hypothesis (Loewenstein, Weber, Hsee, & Welch, 2001) highlights the role of

emotions in risk-related behavioral reactions and emphasizes that emotional and
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cognitive reactions to uncertain situations can diverge. Although affect and emotions?
have been established as preeminent predictors of climate change perceptions, policy
support, and both mitigative and adaptive behavior (Brosch, 2021; Pihkala, 2022;
Smith & Leiserowitz, 2014), most research has focused on the more cognitive

components of climate change perceptions (Brosch & Steg, 2021).

Worry is an emotional response to the anticipation of uncertain and potentially
dangerous future situations (Borkovec, Robinson, Pruzinsky, & DePree, 1983). In
addition to being confused with more cognitive risk perception concepts, non-
pathological worry about climate change is sometimes confused with other threat-
related emotional reactions, such as ‘fear’ or ‘anxiety’. Fear is related to the fight-or-
flight defense system (Misslin, 2003) and is a more overwhelming and short-lived
emotion that serves the function of solving a direct threat (Ojala, Cunsolo, Ogunbode,
& Middleton, 2021). While fear is generally a legitimized and reasonable reaction to a
potentially dangerous situation, anxiety reflects an excessive and irrational fear
reaction (Skre, 2022). Compared to fear and anxiety, worry is a more cognitive and
less intense response to risk (Borkovec et al., 1983). Climate change worry differs
from pathological manifestations of anxiety because it is rational to expect serious
consequences of climate change and should not be considered a mental illness

(Clayton, Manning, Speiser, & Hill, 2021).

In line with this distinction between threat-related emotions, anxiety and worry show
different associations with mental health-related outcomes. Climate change anxiety
has been found to relate to general measures of depression and anxiety (Clayton &
Karazsia, 2020). In contrast, previous studies have reported either small or non-
significant correlations between worry about global warming and trait pathological
worry® (Verplanken et al., 2020; Verplanken & Roy, 2013), in addition to weak
relationships between mental health and climate change worry (Berry & Peel, 2015).

Still, enduring high levels of climate change worry can be discomforting or even

2 See Brosch (2021) for an explanation of the difference between affect, appraisal, and emotion.

3 In the cited papers, trait pathological worry is measured with the Penn State Worry Questionnaire (Meyer,
Miller, Metzger, & Borkovec, 1990) and refers to a generalized tendency to worry about a range of different
issues (Verplanken, Marks, & Dobromir, 2020).
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harmful at the individual level (Borkovec et al., 1983; Doherty & Clayton, 2011; Ojala
et al., 2021; Sciberras & Fernando, 2021; Sweeny & Dooley, 2017).

Further support for the distinction between worry and anxiety is found in research
predicting behavior. Emotions are closely related to behavior (Brosch, 2021; Frijda,
2010), with different emotions related to different action tendencies (Frijda, 1987,
2004). In line with this, previous studies have reported that climate anxiety is
unrelated to pro-environmental behavior (Clayton & Karazsia, 2020), while worry
shows a positive association (Verplanken et al., 2020; Verplanken & Roy, 2013).
Worry has been established as a motivator for a range of different behaviors (for an
overview, see Sweeny & Dooley, 2017). With regard to climate change, research has
found worry to predict support for public action (Van der Linden, Leiserowitz, &
Maibach, 2019), climate policy support (Bouman et al., 2020; Goldberg, Gustafson,
Ballew, Rosenthal, & Leiserowitz, 2020) and seeing climate change as an important

voting issue (Campbell, Kotcher, Maibach, Rosenthal, & Leiserowitz, 2021).

The current project follows a definition of climate change worry as “an active
emotional state that is often closely linked to adaptive behavioral responses aimed at
reducing a particular threat” (Van der Linden, 2017, p. 24). Worry might motivate
climate action in several ways: (i) worry indicates that the situation is serious, (ii)
frequent negative thoughts remind people that they should take action against the
feared outcome, and (iii) people seek to reduce the unpleasantness of the emotional
state itself (McCaul & Mullens, 2003; Sweeny & Dooley, 2017). Worry elicits
problem-solving aimed at preventing or coping with a fearful situation (Borkovec et
al., 1983) and there is clear support for its motivational benefits (Ojala et al., 2021;
Sweeny & Dooley, 2017).

1.3 Climate change mitigation behavior

Research within the field of environmental psychology has been criticized for
focusing too heavily on behaviors with little effect on mitigating climate change

(Nielsen, Clayton et al., 2021; Nielsen, Cologna, Lange, Brick, & Stern, 2021). Pro-
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environmental behaviors*, such as recycling, do not necessarily have a large or direct
effect on climate change mitigation. Pro-environmental behaviors and climate change
mitigation behaviors might also have different predictors. For example, research has
found that although older individuals generally report being less concerned about
climate change specifically, this is not the case for other environmental issues, such as
air and water pollution, biodiversity, and resource depletion (Urban & S&asny, 2012).
Additionally, although far-right political groups have often adopted a pro-
environmental stance regarding nature conservation, this generally does not apply to

the issue of climate change (Forchtner, Kroneder, & Wetzel, 2018).

The 2022 IPCC report focusing on climate change mitigation highlights that demand-
side measures, in general, have the potential to reduce GHG emissions by 40— 70% in
end-use sectors by 2050 (IPCC, 2022b). Energy use is the biggest contributor to
human greenhouse gas emissions (IPCC, 2014), and residential energy use accounts
for a substantial share of total energy consumption in Europe (IEA, 2021). It is
estimated that people in high-consumption societies, including several European
countries, must reduce their household energy use by about 73% to reach the goals of
the Paris agreement (Moore, 2015). Furthermore, changes in energy use will play an
important role in whether renewable energy becomes a supplement to, rather than a
replacement for, other energy sources. In line with this, energy plays a key role in the
IPCC climate change reports (IPCC, 2022a, 2022b) and the European Green Deal

(European Commission, 2019).

With regard to household energy-saving, it is important to differentiate between
energy curtailment and energy efficiency actions. While energy curtailment behaviors
reflect frequently repeated behaviors, such as turning the thermostat down at night,
energy efficiency behaviors reflect one-time or infrequent investments, such as
investing in efficient household appliances or insulating the house (Karlin et al.,
2014). Increases in energy efficiency generally have the greatest saving potential in

households (Dietz, Gardner, Gilligan, Stern, & Vandenbergh, 2009; Gardner & Stern,

4 Pro-environmental behaviors can be defined as “behaviour that harms the environment as little as possible, or
even benefits the environment” (Steg & Vlek, 2009, p. 309).
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2008). Still, consumers have been found to overestimate the saving potential of
curtailment-related behaviors in comparison to efficiency-related measures (Attari,
DeKay, Davidson, & De Bruin, 2010; Gardner & Stern, 2008; Kempton, Harris,
Keith, & Weihl, 1985).

Misconceptions regarding the saving potential of different behaviors appear to be
quite stable over time, and Lundberg, Tang, and Attari (2019) report that ‘turning off
the lights’ continues to be the most frequent response when people are asked
unprompted about the most effective action they are currently taking to save energy.
These faulty beliefs are relevant because the perceived effectiveness of energy-saving
behaviors might influence what people do to save energy, and how curtailment and
efficiency behaviors relate to other factors, such as climate change perceptions.
Cologna, Berthold, and Siegrist (2022) report that people tend to misjudge the
mitigation potential of a range of pro-environmental behaviors, not only energy-
saving behaviors, and that high and low impact mitigation behaviors can have
somewhat different predictors. The current project focuses on predicting climate
change mitigation behavior, specifically personal energy curtailment behaviors and

energy efficiency behaviors.

1.4 Factors influencing beliefs, worry, and behavior

In addition to individual beliefs, risk perception is influenced by the social, political,
and cultural environment surrounding the risk (Renn & Rohrmann, 2000). Beliefs
about probability, severity and vulnerability related to risk can be amplified or
attenuated by psychological, social, institutional, and cultural processes (Kasperson et
al., 1988). The role of socio-cultural factors as a complement to the more traditional
individual and cognitive psychological explanations of risk perception has been
particularly emphasized in sociological and cultural research (Douglas & Wildavsky,

1982). As argued by Dake (1991): ““...mental models of risk are not solely matters of
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individual cognition but also correspond to worldviews entailing deeply held beliefs

about society” (p. 62)°.

People who share a physical, social, or political context might generate a collective
understanding of what is affected by climate change (e.g., human health vs
environmental damage) and to what degree such consequences are considered relevant
and acceptable (Burgess, 2015). The present and future impacts of climate change
range from water and food scarcity to sea level rise, heat waves, and social disruption
(IPCC, 2022a). Each of these consequences might be seen as more or less of a concern
in different countries and by different groups within a country. In line with this,
Burgess (2015) argues that the risks that are endorsed or ignored by a society “do not
reflect the scale of the threat or efficacy of how it might be managed, so much as

beliefs about values, social institutions, nature and moral behaviour” (p. 61).

Focusing on people’s risk perception underscores how risks are not determined by
objective hazards alone, but also depend on social, cultural, and political influences
(Slovic, 1999). These influences might affect how information about a risk such as
climate change is processed. The process of motivated reasoning (Kunda, 1990)
highlights how people accept and evaluate information in a biased manner, by
attending to, interpreting, or emphasizing information in a way that supports their pre-
existing worldviews, values, and ideologies®. The goal of motivated reasoning can be
to maintain one’s prior beliefs or to protect one’s identity and values by rejecting
uncomfortable information. The motivation to process information in a biased way
might stem from a range of different sources, such as belonging to a certain age group,
vocation, or political affiliation. In order to react to a risk one must first notice an

issue, then interpret it as a problem, and finally feel a sense of responsibility (Frantz &

5 Mental models can be defined as a person’s simplified cognitive representation of how something in the world
works (Craik, 1943). Mental models about climate change include general knowledge about the climate system,
beliefs about climate change impacts, relevant actors, and which regions and people will be most affected
(Bohm & Pfister, 2001). Mental models have been highlighted as especially important for risk perceptions,
decision-making, and problem-solving because beliefs about causes and consequences, which are at the core of
a mental model, help people predict the future (Bostrom, 2017).

¢ Related concepts include biased assimilation (Corner, Whitmarsh, & Xenias, 2012; Lord, Ross, & Lepper,
1979) and confirmation bias (Nickerson, 1998). For a review of attentional and perceptual biases, see also Luo
and Zhao (2021). Several of these mechanisms are related and can be placed under the umbrella term of
motivated reasoning (Druckman & McGrath, 2019).
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Mayer, 2009; Swim & Whitmarsh, 2018). Motivated reasoning might influence each
step of this process; people might avoid climate change information, might not think
of climate change as a serious or urgent issue, and/or might not see themselves as

responsible for mitigation.

Both the relationship between climate change beliefs and worry and that between
worry and behavior are likely affected by cultural, political, and social factors, which
can differ both between and within countries. These factors might also relate to
people’s expectations of climate change consequences. The current project focuses on
how people’s risk perception and reaction to risk can be influenced by the country
context (see Section 1.4.1), their political orientation (see Section 1.4.2), and efficacy

beliefs (see Section 1.4.3).

1.4.1 Country context

Although important risk characteristics seem to be relatively universal, the cultural
environment can influence why some risk characteristics are emphasized while others
are ignored (for an overview, see Renn & Rohrmann, 2000). Appraisal patterns, such
as the type and intensity of an emotional reaction, as well as the nature of an emotion-
eliciting event, are also likely to depend on cultural meaning structures (for a
discussion on this, see Scherer, 1999). In line with this, a range of country-level
conditions have been associated with individual climate change perceptions. These
include economic development, democracy, and carbon emissions (Pohjolainen et al.,
2021), political and institutional responses to events, as well as national media
coverage (Cologna, Bark, & Paavola, 2017; Nicholson-Cole, 2005). Additionally,
several socio-economic and contextual factors, such as energy access and electricity

prices, are likely to influence energy-saving in households (Borozan, 2018).

The current project includes two levels of analysis: the individual level and country

level. People within a country might share certain characteristics that influence what
they consider important climate change consequences, as well as their level of worry
about climate change and their energy-saving behaviors. A large amount of previous

research on climate change perceptions, especially regarding the influence of political
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orientation, has been conducted with samples from the US. The goal of the current
project was not to compare specific countries, but rather to investigate whether the
risk perception process could be generalized across Europe while controlling for

homogeneity within countries.

1.4.2 Political orientation

Political orientation has been highlighted as a core factor for predicting climate
change perceptions. This is partly due to the politicization and increasing polarization
of the issue during the mid-to-late 2000s, which was especially apparent in the US
(Brewer, 2012; McCright & Dunlap, 2011). Although socio-demographic factors such
as age and education used to be consistent predictors of climate change concern, their
influence seems to have declined compared with political orientation over the last

three decades (Driscoll, 2019; Hornsey & Fielding, 2020).

Political orientation has not only been established as an important direct predictor of
climate change attitudes (Cruz, 2017; McCright, Dunlap, & Marquart-Pyatt, 2015;
McCright & Dunlap, 2011), but also as a moderator of the effects of education
(Drummond & Fischhoff, 2017), objective knowledge (Tranter, 2020) and self-
assessed understanding (Hamilton, 2011). In line with the literature on motivated
reasoning, even the relationship between experience with extreme weather and climate
change worry can differ based on political orientation due to differences in attribution

(Ogunbode, Demski, Capstick, & Sposato, 2019).

One prominent approach to describe how and why political ideology affects our
perception of risks is the cultural cognition thesis’ (Kahan, 2012), which was
developed from the cultural theory of risk (Douglas & Wildavsky, 1982). The cultural
cognition thesis posits that risk perception is influenced by worldviews, in the sense
that an individual focuses on some risks while ignoring others based on values that
define their cultural identity: their ‘preferred way of living’. The tendency to filter
information in a way that fits with existing beliefs and values makes it possible to

protect one’s political identity (cf. identity-protective cognition; Kahan, 2010; Kahan

7 For a critique, see Van der Linden (2015) or Van der Linden, Leiserowitz, and Maibach (2017).
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et al., 2012). The solution aversion model by Campbell and Kay (2014) further
emphasizes that it is not necessarily climate change itself that is the reason for

motivated disbelief, but opposition to the proposed mitigation solutions.

The left-right dimension has long been the most common way to classify ideological
orientation (Jost, Federico, & Napier, 2009). Ideologies consist of a set of values,
beliefs, and opinions; right-leaning ideologies are generally related to a preference for
social stability and tradition, while left-leaning ideologies are related to a preference
for social change and progress (Jost et al., 2009). Three ideological aspects have been
highlighted as especially relevant with regard to climate change perceptions:
individualistic values (favoring the interest of the individual over the group),
hierarchical values (favoring rank-order differences), and free-market ideology
(opposing government intervention or regulation) (Hornsey & Fielding, 2020). For
example, because people generally believe that climate change will have a larger
negative impact on distant people and places (Leiserowitz et al., 2020; Schultz et al.,
2014; Spence et al., 2012; Steentjes et al., 2017; Tvinnereim et al., 2020), the way
ideologies relate to risks affecting others (individualistic versus collectivistic values)

is highly relevant.

In the US, the intensity of ideological or partisan identification is more closely related
to climate change beliefs among self-proclaimed conservatives compared to self-
proclaimed liberals (Hamilton, Hartter, & Grimm, 2020; Morin-Chassé & Lachapelle,
2020). Still, motivated reasoning is likely to happen independently of where one
places oneself on the political dimension. In the same way that solution aversion can
drive skepticism, solution acceptance might increase the likelihood of accepting
climate change as a threat. Right-leaning individuals who are more likely to fear that
climate change mitigation could destabilize the economy, lead to more government
intervention and stricter regulations on industry and individual behavior are likely
‘motivated’ to see climate change as less of a risk. On the other hand, a threat that
could lead to societal changes and require international cooperation might be less

challenged by left-leaning individuals. Consequently, the interaction between risk and
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social processes can lead to both amplification and attenuation of risk information

(Kasperson et al., 1988).

In addition to cognitive biases driving motivated reasoning at the individual level,
people follow political party cues and are more concerned about climate change if
they perceive their party to be concerned (Linde, 2020). People might even reject
climate science to differentiate themselves from the opposing party (Merkley &
Stecula, 2018). As emphasized by Kasperson et al. (1988): “to the extent that risk
becomes a central issue in a political campaign or in a conflict among social groups, it
will be vigorously brought to more general public attention, often coupled with

ideological interpretations of technology or the risk-management process” (p. 185).

The way a person subjectively evaluates the personal significance of an object or
situation forms the basis for their emotional reaction to it (Scherer, 1999). In other
words, even when people accept the same climate change information and update their
climate change beliefs, the emotional outcome of their perceptions might differ due to
differences in priorities. Just as motivated reasoning can drive skeptical attitudes
toward climate change, it might also influence people’s level of worry about it.
Chapman, Lickel, and Markowitz (2017) argue that emotional reactions to a message
differ based on worldviews and preexisting beliefs and that such effects are “very
likely amplified in the case of climate change due to a unique combination of extreme
public polarization and features of the issue itself known to affect engagement, such as
abstractness and long time horizons” (p. 852). The current project investigates
interaction effects between political orientation and climate change beliefs in

predicting climate change worry.

1.4.3 Efficacy beliefs

People’s response to risk depends not only on perceptions of the threat itself, but also
on whether people think they can cope with it (Maddux & Rogers, 1983). Efficacy
beliefs (used here as an umbrella term) are at the core of coping appraisals and
different operationalizations of the construct have been found to relate both to climate

change mitigation actions (Bostrom, Hayes, & Crosman, 2019; Chen, 2015; Clement,
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Henning, & Osbaldiston, 2014) and adaptation behaviors (Van Valkengoed & Steg,
2019). Efficacy beliefs are domain-specific and can be differentiated into self-
efficacy (beliefs about whether one is able to take action) and outcome expectancy
(beliefs about whether action would be effective) (Bandura, 1977). People’s sense of
efficacy is formed within their social environment and stems from four main sources:
previous accomplishments, vicarious experiences provided by social models, social

persuasion, and interpretations of emotional and physical states (Bandura, 1994).

While the concept of self-efficacy traditionally focused on individual perception and
behavioral responses (Bandura, 1986), later conceptual developments have
emphasized the importance of beliefs about collective action (Bandura, 2000;
Koletsou & Mancy, 2011; Lubell et al., 2007). Due to the global and collective nature
of climate change, many believe that their individual action (alone) is insignificant
(collective action problem: Olson, 1965), and the lack of impact of individual
behavior is often used as a reason to refrain from acting (Heath & Gifford, 2002;
Kaiser & Gutscher, 2003). In light of this, people’s perception of their ability to
manage risk together as a group becomes especially relevant (Chen, 2015; Homburg
& Stolberg, 2006). Personal and collective efficacy beliefs and outcome expectancies
have been found to have direct and distinct associations with climate change

mitigation efforts (Bostrom et al., 2019).

Several psychological theories, such as the cognitive theory of stress (Lazarus &
Folkman, 1984), the protection motivation theory (PMT) (Maddux & Rogers, 1983),
and the extended parallel processing model (EPPM) (Witte, 1992), all highlight the
role of efficacy beliefs (or related constructs) when facing threatening situations. In
their recommendations for using fear appeals, Witte and Allen (2000) write that the
effect of fear appeals is conditional on one’s sense of efficacy and outcome
expectancy. While threat perceptions determine whether people are motivated to act,
perceived efficacy determines whether action is taken to reduce the threat (danger
control) or to reduce their fear (fear control) (Maloney, Lapinski, & Witte, 2011). In
line with this, some studies suggest that fear appeals can fail to be constructive, or that

they might even be maladaptive, if not coupled with a sense of efficacy (Feinberg &
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Willer, 2010; Maloney, Lapinski, & Witte, 2011; Witte & Allen, 2000), although
findings have been mixed (Reser & Bradley, 2017; Tannenbaum et al., 2015). As a
general feeling of worry is less intense than responses to messages aimed at inducing
fear, negative effects are less likely in the former case. Still, following theories and
research on fear appeals, the relationship between worry and behavior is likely to be
stronger if worry is combined with a strong sense of efficacy (Dijkstra & Brosschot,
2003; Tannenbaum et al., 2015). People who are worried about climate change might
be less likely to engage in climate change mitigation behavior if they do not think that

they personally, or people collectively, can do something to reduce the risk.

Efficacy beliefs might play two roles in predicting climate change mitigation
behavior: they might have a direct effect on behavior parallel to that of worry, and/or
function as a moderator interacting with worry. Based on the work by Lubell (2002),
the current project focuses on the role of four types of efficacy beliefs in predicting
climate change mitigation behavior: personal efficacy, personal outcome expectancy,
collective efficacy, and collective outcome expectancy. There is a specific focus on
potential interactions between worry about climate change and the different efficacy

constructs.

1.5 Purpose, aims, and research questions

The current project draws on theory and empirical findings from psychology and
related disciplines, examining constructs ranging from beliefs to emotions and on to
behavior. The overarching aim was to generate knowledge regarding climate change
perceptions across European countries, with a specific focus on factors associated with
worry about climate change. The project’s main contribution lies in investigating
conditions that alter the process from climate change beliefs to behavior. Specifically,
the first two papers explore the role of political orientation in the relationship between
climate change beliefs and worry (Paper I) and the role of personal and collective
efficacy beliefs in the relationship between worry about climate change and energy-

saving behaviors (Paper II). The third paper explores what people expect to be the
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most important climate change impact on their country, and how this relates to

individual risk judgments, including worry about climate change (Paper III).

Figure 1

An overview of the variables and relationships examined in the project.
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2. Methodology

This chapter describes the research strategies, data, and analyses used to study public
perceptions of climate change. It should be noted that due to the use of cross-sectional
data throughout the project, the causality of the relationships cannot be established
(see Section 4.2.1 for further discussion). All three papers included in the project have
a between-subject design and are based on data from large international surveys,
namely the European Social Survey (ESS) in Paper I and Paper II and the European
Perceptions of Climate Change (EPCC) Project in Paper III. In addition to closed-

ended survey questions, Paper III included responses to an open-ended question.

The datasets for both the ESS (N = 44,387) and EPCC (N = 4,048) include responses
from a representative sample of the population aged 15 and above for the countries
included in the surveys. This made it possible to focus on public perceptions across a
particularly broad range of European countries. In some cases, survey weights were
included to increase the representativeness of the results. Weights were not used in the
multilevel models (Paper I and Paper II) to keep the models parsimonious and
comparable, but they were used for all descriptive statistics and in the regular multiple

regressions (Paper III). All analyses were conducted in STATA (version 15 - 17).

2.1 Participants and procedure

2.1.1 Paper | and Paper Il: European Social Survey

Paper I and II used data from ESS Round 8 (European Social Survey, 2016a), which
was fielded between August 2016 and December 2017. The interviews were
conducted face-to-face and lasted about an hour. Strict random probability sampling
was used when drawing respondents and the minimum target response rate was set to
70%. The response rate varied from 30.6% in Germany (lowest country response rate)
to 74.4% in Israel (highest country response rate). The dataset includes responses from
N = 44,387 respondents from 23 countries, including Austria, Belgium, the Czech
Republic, Estonia, Finland, France, Germany, Hungary, Iceland, Ireland, Israel, Italy,

Lithuania, the Netherlands, Norway, Poland, Portugal, the Russian Federation,
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Slovenia, Spain, Sweden, Switzerland, and the United Kingdom. The mean age in the

dataset (unweighted) was M = 49.14, with 47.38% men and 52.62% women.

A master version of the survey was developed in English and later translated to all
languages used by more than 5% of the population in each country included in the
survey. The translation was done following the TRAPD methodology (Translation,
Review, Adjudication, Pretesting, and Documentation). Rigorous translation protocols
were used to translate the questions. The translation guidelines used by each national
team can be found in the published translation guidelines (European Social Survey,
2016b). The ESS study was approved by the ESS ERIC Research Ethics Committee
(REC), which subscribes to the Declaration on Professional Ethics of the International
Statistical Institute. All participants gave written informed consent to participate in the
study. Consent was provided by the participant’s legal guardian or next of kin if the
respondent was 15 years old when the interview took place. More information about
data collection procedures can be found in the documentation report (European Social

Survey, 2017).

2.1.2 Paper lll: European Perceptions of Climate Change

Paper 111 used data from the EPCC project, which was fielded in June 2016. N = 4048
respondents were surveyed via face-to-face interviews (UK, Germany, and France) or
telephone interviews (Norway). The average time needed to complete the survey
ranged between 22 minutes (in the UK) and 28 minutes (in France). The mean age in

the dataset (unweighted) was M = 47.96, with 50.20% men and 49.80% women.

A master version of the survey was developed in English and translated to German,
French, and Norwegian by two teams each of native speakers of these languages. The
translations were later compared before a final version was agreed upon. The final
version was then checked against the original English version. The EPCC project was
approved by the Ethics Committee of the Cardiff University School of Psychology.

Written informed consent to participate in the study was given by all participants.
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2.2 Paper |

2.2.1 Materials

The items used in the analysis were part of the ESS core “Politics” module, as well as

the module on “Climate Change and Energy”.

The dependent variable was worry about climate change, measured with the item
‘How worried are you about climate change?’ with response categories 1 (Not at all
worried), 2 (Not very worried), 3 (Somewhat worried), 4 (Very worried), 5 (Extremely

worried).

Climate change beliefs, assessed with two items, were used as independent variables.
Beliefs about the causes of climate change were measured by asking ‘Do you think
that climate change is caused by natural processes, human activity, or both?,” with
answer categories 1 (Entirely by natural processes), 2 (Mainly by natural processes),
3 (About equally by natural processes and human activity), 4 (Mainly by human
activity), or 5 (Entirely by human activity). Expectations about the severity of climate
change impacts were assessed by asking ‘How good or bad do you think the impact of
climate change will be on people across the world?’, with an 11-point response scale

ranging from 0 (Extremely bad) to 10 (Extremely good).

Political orientation was included as a moderator and measured by asking
respondents: “In politics people sometimes talk of ‘left” and ‘right.” Using this card,
where would you place yourself on this scale, where 0 means the left and 10 means

the right?”. The scale was labeled with numbers from 0 to 10.
Gender, age, and education were included as control variables.

2.2.2 Data analysis

Linear multilevel regression models (MLM) were used to account for possible
variation between the 23 countries included in the models. We used two types of
multilevel models to predict worry about climate change: random intercept models,

where the regression coefficients were held constant across countries, while the
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intercepts are allowed to vary; and a random slope model, where the relationship
between political orientation and worry could vary between countries. The random
slope model was used since the left-right scale used to measure political orientation
can have somewhat different meanings across countries (Dalton, Farrell, &

McAllister, 2011).

Four models were fitted: an unconditional null model, a random intercept model
looking for direct effects, a random intercept model including the two interactions,
and finally a random slope model to account for the differential effect of political
orientation across countries. The models were estimated with maximum likelihood

and compared with likelihood ratio tests.

The interactions between the two climate change beliefs and political orientation were

assessed using the margins and marginsplot commands in Stata.

In the main models, all variables were grand-mean centered except the dichotomous
gender and climate change impact variables. To estimate effect sizes, we fitted
additional models with standardized versions of the variables and calculated the
proportional reduction of variance (PRV) (Rabe-Hesketh & Skrondal, 2012).
Standardization was avoided in the main models as it can influence the interpretation
of variance (Hox, Moerbeek, & Van de Schoot, 2017). Listwise deletion was used in

all models, so that all four models have the same number of respondents (N = 35,690).

2.3 Paper

2.3.1 Materials

The items employed for the analyses in Paper II were part of the ESS ‘Politics’ and

‘Climate Change and Energy’ modules (see above).

Energy-saving behaviors were treated as dependent variables, which in turn were
measured with two distinct items. Energy curtailment behaviors were measured with
the question ‘There are some things that can be done to reduce energy use, such as

switching off appliances that are not being used, walking for short journeys, or only
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using the heating or air conditioning when really needed. In your daily life, how often
do you do things to reduce your energy use?’, with response categories 1 (Never), 2
(Hardly ever), 3 (Sometimes), 4 (Often), 5 (Very often), and 6 (Always). Energy
efficiency behaviors were measured with the question ‘If you were to buy a large
electrical appliance for your home, how likely is it that you would buy one of the most
energy efficient ones?’, measured on a scale from 0 (Not likely at all) to 10 (Extremely

likely).

Worry about climate change was treated as the independent variable in the analyses;
for the exact item wording, see the description of the materials in Paper I (see Section

2.2.1).

Personal efficacy was measured with the question ‘Overall, how confident are you
that you could use less energy than you do now?’, with a response scale ranging from
0 (Not at all confident) to 10 (Completely confident). Personal outcome expectancy
was measured with the question ‘How likely do you think it is that limiting your own
energy use would help reduce climate change?’. Collective efficacy was measured
with the question ‘How likely do you think it is that large numbers of people will
actually limit their energy use to try to reduce climate change?’, and collective
outcome expectancy with the question ‘Now imagine that large numbers of people
limited their energy use. How likely do you think it is that this would reduce climate
change?’. The items on personal outcome expectancy, collective efficacy, and
collective outcome expectancy were answered on a scale from 0 (Not at all likely) to

10 (Extremely likely).

Climate change beliefs and political orientation (see Section 2.2.1), as well as gender,
age, education, and household income, were included as control variables in the

analyses.

2.3.2 Data analysis

Six random-intercept models were fitted: three predicting energy curtailment
behaviors and three predicting energy efficiency behaviors. An unconditional null

model was followed by a random-intercept model looking at direct effects, and then



42

by a model adding four interaction terms. The models were compared with likelihood

ratio tests after estimating them with maximum likelihood.

The margins and marginsplot commands were used to interpret the four
interaction effects between worry about climate change and personal efficacy, worry
about climate change and personal outcome expectancy, worry about climate change
and collective efficacy, and worry about climate change and collective outcome

expectancy.

Gender and climate change consequences were dichotomous; all other variables were
treated as continuous and grand-mean centered in the main models. Effect sizes were
estimated by additional models with standardized versions of the variables as well as

with PRV.

2.4 Paper Il

2.4.1 Materials

The main variables in Paper III were based on the open-ended question: “Climate
change may affect different countries in different ways. What do you think will be the
most important effect of climate change on [France/Germany/Norway/the UK]?”. The
question ending corresponded to the country in which the respondent lived. An open-
ended survey question allowed the respondents to provide their immediate and

subjective associations.

Two forms of individual risk judgments were included as dependent variables. Worry
about climate change was measured as ‘How worried, if at all, are you about climate
change?’, with response categories 1 (Not at all worried), 2 (Not very worried), 3
(Fairly worried), 4 (Very worried), 5 (Extremely worried). Risk evaluation was
measured with the item ‘Overall, how positive or negative do you think the effects of
climate change will be on [France/Germany/Norway/the UK]?’, with response
categories 1 (Entirely positive), 2 (More positive than negative), 3 (Neither positive

nor negative), 4 (More negative than positive) and 5 (Entirely negative).
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Political orientation, measured with the left-right scale as in the ESS, as well as gender

(dichotomous), and age (in 10-year intervals) were included as control variables.

2.4.2 Data analysis

Each response to the open-ended question about expected climate change impacts was
sorted into the following six categories by two native speakers of each country’s
language: (1) changes in attitudes, motives, and goals; (2) changes in actions and
activities; (3) emissions and pollution; (4) environmental changes; (5) impacts on
humans; and (6) hardly any impacts. The answers were sorted into sub-categories in
instances where further differentiation was relevant. For example, the category
reflecting expected changes to ‘actions and activities’ included one sub-category
reflecting expected changes to climate change mitigation actions and one sub-category
reflecting expected changes to climate change adaptation actions. In cases where more
than one category was mentioned by the respondent, an answer was sorted into several

categories.

The first five categories were based on a multi-level framework by B6hm and Pfister
(2001)%, developed to describe perceptions of global change events. According to the
framework, environmental risks can be seen as a circular causal chain spanning from
changes in human attitudes, motives and goals to impacts on humans, and then back to
attitudes, motives and goals. This theory-driven approach was considered a good first
step due to the limited research on expected impacts of global change events based on
narrow open-ended questions. The sixth category (hardly any impacts) was used for
answers reflecting beliefs that climate change will have insignificant or no
consequences on one’s country, such as “nothing will change”. In addition to
descriptive analyses investigating how often the different categories were mentioned

within each country, three sets of regression analyses were conducted.

The dataset was merged across countries for all regression analyses. First, the
likelihood of mentioning each of the above-mentioned categories was predicted by

gender, age, and political orientation. This was done by fitting six logistic regression

8 The five levels in the causal risk chain are based on Hohenemser, Kasperson, and Kates (1985).
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models, one for each category. Country was included as a control variable in all
models. Second, the relationship between mentioning each of the six categories on the
one hand and individual risk judgments (worry and risk evaluation) on the other was
investigated with two multiple regressions, one for each outcome. Gender, age,
political orientation, and country were included as control variables. Third, two
multiple regressions were run to test the association between worry or risk evaluation
and mentioning several categories (width) or giving more specific answers (depth) in
the open response. The width variable was calculated by summing the number of
categories mentioned (1 — 5), while the depth variable was based on whether answers
could be sorted into a sub-category, indicating more specific responses. Gender, age,

political orientation, and country were included as control variables.
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3. Empirical findings

3.1 Paper |

The results of Paper I support a relationship between beliefs about the causes and
consequences of climate change and worry about climate change. Worry was
positively associated both with a stronger belief in the anthropogenic nature of climate
change and with believing in more negative climate change impacts. The strongest

direct effect was that of belief in anthropogenic climate change.

The moderation analyses supported that the relationship between climate change
beliefs and worry about climate change was moderated by political orientation. This
was true both for belief in anthropogenic causes and belief in negative consequences.
Although the association between climate change beliefs and worry was positive
independently of placement on the political scale, the strength of these relationships
differed by political orientation. The relationship was strongest for those placing
themselves furthest left on the political spectrum, followed by those in the center, and
weakest for those furthest to the right. Political orientation had a significant direct
association with climate change worry before, but not after, including the interaction
in the model. The strength and direction of the relationship between political
orientation and worry differed between the 23 countries; although the relationship was
negative in most countries, this was not the case in Italy and some post-communist

countries.

The results supported that individual-level worry about climate change is associated
with the country context; about 6% of the variation in worry could be attributed to the
country level when no other variables were included in the model. Age did not have a
statistically significant effect on worry. Higher levels of education were related to

increased worry and women were more worried than men.
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3.2 Paper Il

The results of Paper II support a positive relationship between worry about climate
change and two types of personal energy-saving behaviors: energy curtailment — and
energy efficiency. Of the included variables, worry was one of the strongest predictors
for both types of energy-saving behaviors. Still, according to effect size measures, the
independent contribution of worry was only about 3% for curtailment behaviors and

2% for energy efficiency behaviors.

Higher levels of personal efficacy, personal outcome expectancy, and collective
outcome expectancy were associated with both types of energy-saving behaviors.
Collective efficacy was not related to either of the outcomes. Medium and high worry
about climate change was more closely related to energy curtailment behaviors for
those scoring high on personal or collective outcome expectancy, and more closely
related to energy efficiency behaviors for those scoring high on collective outcome
expectancy. There was no difference in energy-saving behaviors between those with
high versus low levels of outcome expectancy among individuals who were not at all

worried about climate change.

Paper II supported that reported individual-level energy curtailment and efficiency
behaviors were somewhat related to the country context. 3% of the variation in energy
curtailment behaviors and 6% of the variation in energy efficiency behaviors were
explained at the country level. Beliefs about climate change causes and consequences,
political orientation, age, gender, education, and income were also included in the
models. Energy curtailment was more likely among women, older individuals, and
those with higher levels of education, a lower household income, and a left-leaning
political orientation. Energy curtailment was negatively related to belief in
anthropogenic causes of climate change. Energy efficiency behavior was more likely
among those believing in negative climate change impacts, older individuals, women,

and those with higher household income and education.
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3.3 Paper Il

The results of Paper III showed that people across all four countries included in the
survey first and foremost associate climate change consequences with impacts that can
be categorized as environmental changes (Level 4). This category included responses
mentioning, for example, temperature changes, seasonal and weather changes, natural
disasters, and impacts on animals or plants. The number of respondents mentioning
Level 4 ranged from 61% of responses in the UK to 86% in Norway and France and
87% in Germany. The frequency order of the remaining five categories differed across
countries. All six categories were mentioned in each of the countries, albeit some very

seldom.

The six impact categories had somewhat different associations with the two risk
judgments. For example, expecting the most important climate change consequence to
be environmental changes (Level 4) or impacts on humans (Level 5) was related to an
increase in both worry about climate change and belief in more negative effects of
climate change on one’s own country. However, expecting that climate change will
lead to changes in action and activities (Level 2) was not related to either of the risk
judgments. The two outcomes differed with regard to their associations with the
number of consequences mentioned in a response (width) and the specificity of the
mentioned consequences (depth). Although both width and depth were related to

worry about climate change, they were not related to cognitive risk evaluation.

Paper I1I again supported some variation in perceptions of climate change

consequences between demographic groups. However, this first and foremost applied
to responses sorted into Category 6; men, those in the oldest age groups (55 — 64 and
65 +), and those placing themselves further right on the political spectrum were more

likely to expect few or no consequences of climate change.



48




49

4. Discussion

In this section, the findings of the three papers included in the project are discussed in
relation to the overall research objectives as well as methodological considerations,
theoretical and practical implications, ethical considerations, and suggested directions

for future research.

4.1 Theoretical implications

4.1.1 Climate change beliefs and worry about climate change

In line with previous research (e.g., Lee et al., 2015), beliefs in anthropogenic causes
of climate change were found to be the strongest predictor of worry. To what degree a
phenomenon is seen as risky can depend on perceptions of the degree to which
undesired consequences can be reduced or stopped by either modifying the cause or
softening the damage of the impact (Appelbaum, 1977). One could argue that human-
caused events should be seen as more controllable than those with natural causes and
therefore perceived as less of a risk. On the other side, a human cause might increase
distress because it is apparent that the problem will not solve itself and that it could
have been avoided. In line with this, climate change might be seen as “controllable” in
that humans are collectively responsible for it, but as an “uncontrollable” risk in the
sense that halting or reducing its damage is perceived to be outside the control of
individuals. In the 2021 APA report on climate change and mental health, Van
Susteren writes that “When disasters are experienced as entirely ‘accidental’, healing
from the injuries or losses is less arduous. With disasters due to human error,
carelessness, or negligence, healing is dramatically encumbered by the knowledge that

the disasters could have been averted” (Clayton et al., 2021, p. 32).

Previous research has found that people see human-caused hazards as more of a risk,
even when the impacts of human-caused and natural-caused hazards are presented as
identical (Siegrist & Siitterlin, 2014). People tend to prefer being harmed in naturally
caused — as compared to human-caused - accidents and perceive them as less

dangerous and scary (Rudski, Osei, Jacobson, & Lynch, 2011). Siegrist and Siitterlin
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(2014) propose that one reason might be that natural and human-caused hazards are
related to different risk characteristics, such as perceived dread and uncertainty (see
the psychometric paradigm; [Fischhoff, Slovic, Lichtenstein, Read, & Combs, 1978;
Slovic, 1987]). In addition to these psychometric characteristics, thinking that an
action or technology is ‘tampering with nature’ is related to higher perceived risk
(Sjoberg, 2000), which is arguably the case with anthropogenic climate change.
Another explanation for the relationship between belief in human causes and worry is
that beliefs about causes are one component of a broader belief system or mental

model of climate change, and that it is the model as a whole that is related to worry.

In consequentialist risk frameworks, perceptions of severity and probability are seen
as core components of risk assessment (Loewenstein et al., 2001). The survey
question asking about beliefs about how good or bad the impact of climate change will
be on people across the world first and foremost deals with severity. Adding a
predictor reflecting the expected likelihood of negative impacts could have increased
the model’s explained variance. However, according to the risk-as-feelings
hypothesis, changes in probability are of less relevance for emotional reactions, such
as worry, than they are for cognitive evaluations of risk (Loewenstein et al., 2001). A
more important weakness might be that the question does not account for the
perceived spatial or temporal distance of climate change impacts (Van Valkengoed et

al., 2021).

In addition to beliefs in human causes (attribution skepticism) and negative
consequences (impact skepticism) of climate change, a third belief is often included
when talking about climate change beliefs, namely beliefs about whether climate
change is happening at all (trend skepticism) (see e.g., Poortinga et al., 2011; Van
Valkengoed et al., 2021). Trend skepticism is not included in the current project as
few people now question whether climate change is real (Poortinga et al., 2018;
Steentjes et al., 2017). However, some have highlighted another aspect of climate
change beliefs: skepticism regarding the effectiveness of mitigation efforts (response
skepticism) (Capstick & Pidgeon, 2014). Capstick and Pidgeon (2014) report that

response skepticism is more strongly related to climate change concerns than
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skepticism regarding the factual basis of climate change. Response skepticism shares
similarities with the personal and collective efficacy beliefs included in Paper II.
Consequently, efficacy beliefs and related constructs are likely not only relevant for
the relationship between climate change worry and climate change mitigation

behaviors, but also for predicting worry.

Although the relationship between climate change beliefs and worry was positive
across the political spectrum, it was strongest for left-leaning individuals. The results
are consistent with the expectation that political orientation can alter how climate
change beliefs relate to worry (see Section 1.4.2). In line with the notions of motivated
reasoning (Kunda, 1990) and cultural cognition (Kahan, 2012), this might be because
people’s ideology functions as a filter to help them avoid an uncomfortable dissonance
between climate change concerns and their preferred way of life. When looking at
interactions between climate change beliefs and political orientation, political
orientation is used as a proxy for worldviews. A preference for individualistic versus
egalitarian worldviews (Kahan, 2012) can function as a motivation to filter and
emphasize information in a certain way. For example, individualistic versus
egalitarian worldviews might be especially relevant with regard to the relationship

between expecting spatially distant climate change impacts and climate change worry.

Hamilton et al. (2020) argue that political orientation and climate change beliefs might
both be proxies for the latent variable “political identity’, drawing upon findings from
the US. A large amount of shared variance makes it difficult to interpret results when
the related variables are a part of the same multiple regression or included together in
an interaction. Findings from the current project show that political orientation
measured with the left-right scale does not have the same effect on worry across all
countries, and the effects of political orientation on climate change perceptions are
generally weaker in Europe compared to those previously found in the US. Such
country differences are in line with more recent research (Czarnek, Kossowska, &
Szwed, 2021). Hornsey et al. (2018) report that the relationship is stronger in countries
with large fossil fuel industries and countries with high per-capita emissions. They

suggest that one reason for cross-country differences is that right-leaning ideologies
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are not inherently linked to climate skepticism. Instead, the entanglement of fossil fuel
industries in the economy and required lifestyle changes (the vested interest in
resisting change) drive the effect of ideology in some countries. Future research could
look at other ideological or value-based variables - other than a scale differentiating
between left and right or progressive and conservative - that might be more relevant

outside the US and Western countries.

Druckman and McGrath (2019) and Bayes and Druckman (2021) further suggest
differentiating between accuracy motivation (which has the goal of arriving at a
correct conclusion) and directional motivation (which has the goal of arriving at a
predetermined conclusion) when investigating motivated reasoning. This is relevant
because the motivation to filter information in a certain way affects whether prior
climate change beliefs influence the information updating process. The alternative is
that the information updating process instead depends on the information sources that
are trusted by a political group (e.g., scientists versus party leaders). Bayes and
Druckman (2021) conclude that previous research is somewhat unclear with regard to
which of these processes people use to form beliefs. Because this is highly relevant for
communication and to avoid further polarization, future research should aim to

disentangle the exact process.

4.1.2 Worry about climate change and climate change mitigation
behavior
Although worry was a clear predictor of the two energy-saving behaviors, both in
terms of statistical significance and in comparison with the other predictors, the effect
size was not very large. This is in line with previous findings on the relationship
between attitudes and reported pro-environmental behavior (e.g. Kollmuss &
Agyeman, 2002). There are several potential explanations for the relatively weak
relationship between worry and (energy) behaviors (for an overview, see Gifford,
2011; Kollmuss & Agyeman, 2002). One is that the relationship is conditional on
additional factors not included in the model. In the PMT, which is a part of the
theoretical background for Paper 11, the coping appraisal pathway includes the concept

of response costs (the cost associated with conducting a behavior) in addition to the
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concepts of personal efficacy and outcome expectancy (Rogers, 1983). Both high- and
low-impact pro-environmental behaviors are related to perceived cost or effort
(Cologna et al., 2022). Perceived (psychological or economic) cost can help explain
why pro-environmental attitudes are more closely related to low-cost than high-cost
behaviors (Farjam, Nikolaychuk, & Bravo, 2019). For example, pro-environmental
attitudes have been found to relate to household behaviors, but not air travel (Alcock

etal., 2017).

The question about perceived cost is interesting in relation to energy-saving behaviors
because efficiency behaviors have a large one-time economic cost, but high long-time
economic benefits. Furthermore, the perceived ‘costliness’ of an investment arguably
depends on a person’s economic situation. One could argue that curtailment behaviors
have a high behavioral cost given the need to regularly repeat these behaviors.
Interestingly, in addition to perceived cost decreasing the likelihood of engaging in a
behavior, there is also support for the opposite effect; that green products with a
higher cost yield more pro-environmental consumption because they indicate status
(Griskevicius, Tybur, & Van den Bergh, 2010). This is especially relevant with regard
to energy efficiency behaviors, where an energy-efficient fridge or washing machine
is generally more expensive. Future research on energy-saving behaviors could

include perceived cost in addition to worry and efficacy beliefs.

The strength of the relationship between worry about climate change and energy-
saving behaviors might also be influenced by what and who people worry about,
which cannot be answered with the data used in this project. According to the risk-as-
feelings hypothesis, emotions play a larger role when a risk decision is made for
oneself compared to a risk decision made on behalf of other people (Loewenstein et
al., 2001). Following this, worry about climate change might be more closely related
to energy-saving behaviors among people who see climate change as a personal risk

rather than a risk mainly affecting others.

Although high levels of worry were more strongly related to energy-saving behaviors

when combined with positive outcome expectancies, the positive relationships did not
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disappear even when efficacy beliefs were low. This contrasts with the usual
interpretation of many traditional threat theories (for an overview, see Hornsey et al.,
2015), where a perceived threat is not thought to be motivational unless it is combined
with positive coping appraisals that can buffer against the threat. One important
difference between fear theories such as the PMT and EPPM and the current research
is the former’s emphasis on fear (appeals) rather than worry. Furthermore, several of
these theories originally focused on explaining individual (health) behaviors (Maloney
etal., 2011; Witte & Allen, 2000), which are arguably quite different from the
collective and global threat of climate change (Reser & Bradley, 2017). More recent
models employing a social identity perspective imply that climate change threat
appraisals are motivating (collective) action rather than leading to avoidance and a

loss of motivation (for a review, see Masson & Fritsche, 2021).

Positive correlations between worry about climate change and all four of the measured
efficacy beliefs were found in Paper II. In line with results reported by Angill-
Williams and Davis (2021), the correlation was stronger for (personal and collective)
outcome expectancies than for (personal and collective) efficacy beliefs. Positive
relationships between worry and efficacy beliefs have been established in several
previous studies (e.g., Angill-Williams & Davis, 2021; Hornsey et al., 2015; Milfont,
2012). Hornsey et al. (2015) suggest that one explanation is that perceptions of high
risk can lead to (motivated) perceptions of control that help buffer against
helplessness. In support of this, they found that participants who read high-threat
messages related to climate change reported higher levels of collective efficacy than
participants in the low-threat condition. Even though the relationship with worry was
positive for all four types of efficacy beliefs, motivated control might be especially
relevant with regard to collective efficacy. The perceived lack of control at the
individual level might translate into a stronger belief in the effectiveness of collective
action (Fritsche et al., 2017). Another explanation for the positive relationships
between worry and efficacy beliefs is that strong efficacy beliefs ‘enable’ higher

worry because they reduce avoidance or denial.
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Worry, which indicates at minimum awareness of the climate issue, might be a
requirement to motivate intentional behavior aimed at reducing the threat. In line with
assumptions from the EPPM (Witte, 1992), the interactions showed that outcome
expectancies were not related to energy-saving behaviors without a certain level of
worry. Strong efficacy beliefs might in fact be a reason not to act, because efficacy
without worry might indicate that people think the threat can be relatively easily
handled. Angill-Williams and Davis (2021) found that video messages highlighting
the effectiveness of individual or collective action increased self-reported outcome
expectancy, but did not translate into pro-environmental behavioral intentions. They
propose that this might be due to a ‘freeloader’ effect or a complacency effect (see
Hornsey & Fielding, 2016) and that positive messages alone might reduce the
perceived threat and necessity to act. Such effects might also explain why we do not
find a direct effect of collective efficacy on energy-saving behaviors. Previous studies
using somewhat different operationalizations of the efficacy constructs also reported
small or no effects of collective efficacy (Bostrom et al., 2019; Doherty & Webler,
2016). Hamann and Reese (2020) even found collective efficacy to be negatively
related to pro-environmental behavior in some instances, and propose that the reason
is that collective efficacy is associated with a lower perceived necessity to take

personal responsibility.

Personal efficacy, personal outcome expectancy, and collective outcome expectancy
all had direct effects on energy-saving behaviors. The strongest direct effect was
between personal efficacy and energy efficiency behaviors. Verschoor and colleagues
(2020) conducted a network analysis using the ESS dataset and reported that personal
efficacy was not related to any of the other forms of efficacy beliefs. Moreover,
previous research has found personal efficacy to be a less consistent latent construct
compared to other efficacy measures (Bostrom et al., 2019). Consequently, the
measure of personal efficacy included in the current project might reflect different

underlying factors than the other efficacy measurements.

Beliefs about the causes and consequences of climate change have previously been

found to predict both pro-environmental intentions and behavior (Hornsey et al.,
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2016), preparedness to act (Aitken, Chapman, & McClure, 2011), and energy
conservation (Clement et al., 2014). The results of Paper II show that belief in
negative consequences was positively related to efficiency behavior, but not related to
energy curtailment behavior. Beliefs about human causes were not related to
efficiency and had negative effects on curtailment. Although the negative effect seems
surprising, this was also reported by Gaspar and Antunes (2011) with regard to
considering energy consumption when buying electrical appliances. The reason for the
effect might be that high environmental concern is generally related to high income

and education, making savings-motivated curtailment less of a consideration in this

group.

More recent research by Van Valkengoed, Perlaviciute, and Steg (2022) reported a
positive relationship between climate change beliefs (climate change is real, human-
caused, and will have negative consequences) and the likelihood of seeking out
information about climate change adaptation as well as supporting adaptation policies.
However, the relationship was less clear with regard to reported or intended
adaptation behaviors, such as insulating one’s home or installing a green roof. While
some adaptation actions were related to climate change beliefs, others were not (Van

Valkengoed, et al., 2022).

One explanation for the inconsistent effects of climate change beliefs is that beliefs
are not enough to motivate (energy-saving) behavior. People’s beliefs about the causes
of climate change are thought to be relevant for what kind of efforts they think would
be effective in mitigating climate change, but are themselves not enough to initiate
action (Wolf & Moser, 2011). Instead, the relationships between climate change
beliefs and energy-saving behaviors are likely mediated by factors such as climate
change worry, moral sentiments (Zawadzki, Bouman, Steg, Bojarskich, & Druen,
2020), and perceived responsibility for taking action to mitigate climate change
(Bateman & O’Connor, 2016). These indirect relationships between climate change

beliefs and climate change mitigation actions should be examined more in the future.
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Political orientation was not investigated as a potential moderator of the relationship
between worry and energy-saving behaviors. However, research does indicate
possible interactions between political orientation and emotions such as hope and fear
(Feldman & Hart, 2018), with these emotions having a stronger effect on support for
climate policies for conservatives compared to liberals in the US. Furthermore, right-
leaning and left-leaning individuals might differ in what they worry about with regard
to climate change, and the content of their worry might influence its relationship with
energy-saving behaviors. Political orientation also likely influences which types of
climate change mitigation behaviors are preferred by those who are worried.
Worldviews are also likely to affect perceptions of personal responsibility for global
issues such as climate change, which is relevant because energy-saving behaviors are
predicted by perceived personal responsibility (Bouman et al., 2020). Finally, as
people’s sense of collective efficacy can depend on the group(s) to which they belong
(Mackay, Schmitt, Lutz, & Mendel, 2021), future research could look further into how
political orientation interacts with collective efficacy in explaining both climate

change worry and behavior.

One potential critique of the current project, as well as a large amount of
psychological research in general, is the excessive focus on individual consumer
behavior. Previous research has identified a large number of unique pro-
environmental behaviors (Markle, 2013), and future research could examine how
worry and efficacy beliefs are related to different types of behaviors. Future research
could also continue to expand its scope to include the range of different roles
individuals can play in climate change mitigation (Nielsen, Nicholas, Creutzig, Dietz,

& Stern, 2021).

For demand-side measures to drastically reduce emissions, changes in lifestyle and
behaviors need to be supported by changes in infrastructure, policy, and technological
developments (IPCC, 2022b). Important contextual factors were not included in the
current project, such as external constraints (e.g. Whittle, Haggar, Whitmarsh,
Morgan, & Xenias, 2019), perceived external pressure, health and safety impacts

(Truelove & Gillis, 2018), and norms and habits (Lundberg et al., 2019).
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4.1.3 Expected climate change impacts

Psychological distance is seen as a key barrier for taking action toward climate change
mitigation (Van Lange & Huckelba, 2021). While Paper I and Paper II include survey
questions on how good or bad the impacts of climate change will be on people across
the world, Paper III gives important insight into beliefs about more proximal impacts.
A majority of people in the Western European countries included in the sample
believe that the most important climate change consequences on their country will be
environmental changes, such as more extreme weather; see Bohm and Pfister (2001)
for similar findings. Bouman et al. (2020) emphasize that worry indicates that a
person “is actively and emotionally engaged with the topic of climate change and feels
personally bothered by its consequences” (p. 2). Although a positive relationship
between expectations of environmental changes and worry was established, the
association of climate change impacts with environmental changes first and foremost
might be one explanation for why the level of worry is quite moderate among the

general public.

Although geographical distance is somewhat accounted for by asking about people’s
perception of climate change impacts on their own country, other aspects of
psychological distance (Spence et al., 2012), such as perceived social, temporal, or
hypothetical distance might still be high. Future research can complement the current
findings by asking more specific open-ended (e.g., ‘What will be the most important
impact of climate change on your life?’) and closed-ended questions (e.g., ‘How
negative will the impacts of climate change be for you personally?”). More specific

questions might yield stronger associations between impact beliefs and climate change

WOrTy.

Which of the six impact categories -- (1) changes in attitudes, motives, and goals; (2)
changes in actions and activities; (3) emissions and pollution; (4) environmental
changes; (5) impacts on humans; and/or (6) hardly any impacts -- respondents
mentioned in their response is relevant because it can reflect to what extent people
think the impact of climate change is avoidable, what could be done to mitigate or

adapt to it and who is responsible for it (Bohm & Pfister, 2001). If people see
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environmental impacts as the most important effect on their country, they are likely to
consider efforts aimed at this level as the most efficient and worthwhile. B6hm and
Pfister (2001) write that people tend to construct short causal chains. Emissions and
pollution (Level 3) are most likely seen as the cause if environmental changes (Level
4) are seen as the most important consequence. Since the possibility to intervene lies
between these levels, technologies that reduce or stop emissions and pollution (e.g.,
CCS) might be seen as a solution. On the other hand, people might be less open to
support efforts targeting changes in human actions and activities (Level 2) because the
causal relationship is less clear to them; human actions and activities are not seen as

part of the risk.

Bohm and Pfister (2001) draw upon the mental model literature when developing their
framework. Focusing on climate change, studies in this vein have established that
laypeople often hold faulty beliefs about the causes and consequences of climate
change (Bostrom, Morgan, Fischhoff, & Read, 1994; Kempton, 1997; Moxnes &
Saysel, 2009; Reynolds, Bostrom, Read, & Morgan, 2010; Sterman, 2008). For
example, people might confuse climate change with the weather or with other
environmental issues such as plastic pollution or air pollution. The current project
does not differentiate between ‘correct’ or ‘incorrect’ mental models of climate
change impacts. The relationship between the six categories and climate change worry
could be different if sub-categories accounted for how people’s impact associations
differed from expert assessments. The relationships would likely also differ if impacts
perceived as ‘positive’, negative’ or ‘neutral’ were separated out, for example by
following an affective image approach (e.g., Smith & Leiserowitz, 2012). Certain
climate change impacts might in fact be seen as positive, such as increased

agricultural productivity in high latitude regions (IPCC, 2022a).

Our approach of sorting the answers into pre-defined categories based on the multi-
level framework by Béhm and Pfister (2001) is only one of many possible ways to
analyze the open-ended responses. Recent research has identified certain climate
change impact framings as especially promising for motivating climate engagement.

These include highlighting negative impacts on health (Roser-Renouf & Maibach,
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2018) and on human cultures (such as cultural heritage and diversity) (Tam, Leung, &
Koh, 2022). Future research could also consider other categorizations, such as

categories based on typical or effective communicative framings’.

In line with the risks-as-feelings hypothesis (Loewenstein et al., 2001), Paper III finds
that the emotional risk reaction (worry about climate change) differs from the
cognitive evaluation of risk (beliefs about the severity of climate change on one’s own
country). One theoretical difference between the two reactions is that emotional
reactions depend on factors such as how vividly one can imagine a consequence, as
well as the expected interval between one’s reaction to a threat and the outcome of the
reaction (Loewenstein et al., 2001). This could help explain why the width (number of
levels mentioned) and depth (how specific the answers were) of the open-ended
responses was only related to worry and not to cognitive evaluations. The vividness of

different climate change impacts could be investigated further.

4.1.4 Country context

Our findings support that the country in which people live is related to what they see
as the most important climate change consequence, how worried they are, to what
degree political orientation is associated with worry, and how likely they are to report
energy curtailment and efficiency behaviors. Still, the overall effect of the country
context appears to be relatively small. This should point us towards (also)
investigating other ‘levels’ that can help explain differences in climate change worry.
While cross-national comparisons are relatively frequent within the quantitative risk
literature (see e.g. Renn & Rohrmann, 2000), differences between regions,
municipalities, or cities have received less attention. Controlling for differences
between smaller geographical units might be appropriate because the country level
encompasses a range of different experiences and vulnerabilities. Previous research
has found that beliefs about climate change impacts are related to experiences of past

and current weather and climate events (Shaffer & Naiene, 2011), which can differ

® Other potential approaches to analyzing the open-ended responses include using methods such as natural
language processing. One reason why categorization was chosen rather than methods such as natural language
processing was the fact that the responses were in four different languages.
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substantially within a country depending on factors such as closeness to the water,
elevation, or the shape of the land. Different regions might differ substantially in their
vulnerability and concern, and research from the US shows that people living in
different states worry about different types of extreme weather events (Kim, Ballew,

Lacroix, Leiserowitz, & Marlon, 2020).

Rather than solely controlling for country differences in the intercepts, Paper I also
accounts for differences in slopes between political orientation and worry. Recent
research by Noll, Filatova, Need, and Taberna (2022) indicates that social and cultural
differences between countries might also influence the relationship between outcome
expectancies and household climate change adaptation. On the other hand, the effects
of worry, climate change beliefs, and personal efficacy were found to be relatively
similar across the countries included in their study. Future research could investigate
cross-country differences in the strength or direction of the established relationships

further.

It is important to note that our findings cannot be generalized outside the European
context. Some of the findings might be different in other parts of the world, such as
those regarding what people think of as the most important impacts of climate change.
Lee et al. (2015) report that climate change risk perception is particularly related to
dissatisfaction with air and water quality in China, where these issues are severe and
sometimes confused with climate change. Results by both Mahl, Guenther, Schifer,
Meyer, and Siegen (2020) and Shaffer and Naiene (2011) indicate that other types of
climate change consequences might be emphasized in Africa. Furthermore, both the
role and strength of personal and collective efficacy beliefs might be influenced by

living in an individualistic versus collectivistic culture (Klassen, 2004).

4.2 Methodological considerations

The goal of this section is to reflect upon methodological considerations related to the

current project.
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4.2.1 Causality

Cross-sectional surveys make it possible to study the prevalence of variables of
interest, such as worry about climate change, among a large number of people and
investigate relevant associations between the variables. The downside is that causal
relationships cannot be established; since all data were collected at the same point in
time, we cannot know which variable imposes the change. Although research
questions may be based on theoretical frameworks implying a causal relationship, the

results of the current project cannot support causal assumptions.

A causal relationship from climate change beliefs to worry is supported by several
theoretical frameworks, including the risk-as-feelings hypothesis (Loewenstein et al.,
2001). However, there is also support for a relationship between beliefs and emotion
in the other direction, that emotion can influence both the content and strength of
beliefs (2000). In line with this, the risk-as-feelings hypothesis also acknowledges that
emotional reactions such as worry can influence cognition (Loewenstein et al., 2001).
Wong-Parodi and Feygina (2021) suggest that communication interventions aimed at
enhancing people’s climate change-related emotions might be a way of increasing

climate change acceptance across the ideological spectrum.

The current project follows the theoretical assumption that worry and efficacy beliefs
increase the likelihood of taking action against a risk (e.g., Rogers, 1975). However,
findings by Nauges and Wheeler (2017) also support a relationship in the opposite
direction: that energy-efficiency behaviors might lead to reduced concern. Taking
action against climate change is typically recommended as a way to reduce climate
distress by increasing people’s sense of efficacy (Clayton et al., 2021). Another
relevant question is how climate change worry and efficacy beliefs might be affected
when people are prevented from taking action. For example, people who are merely
renting a residence are likely not able to insulate their homes or buy efficient
household appliances. This is also relevant with regard to people required to travel by
airplane for work purposes or don’t have vegetarian options to choose from in their
work or school cafeteria. It is well known that (avoided) behavior can influence

attitudes, for example in the case of cognitive dissonance (Festinger, 1957). In
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addition to attitude- or behavior change, dissonance can be reduced through
trivialization (Fointiat, 2011) or denying responsibility (Gosling, Denizeau, & Oberlé,
2006). Although there is reason to believe that worry increases the likelihood of
climate change mitigation behavior, taking or avoiding climate change mitigation

behaviors might also influence people’s level of worry.

There have further been calls for more research on the long-term effects of emotions
like worry (Chapman et al., 2017), and on the causal effects of inducing affective
states (Brosch, 2021). Even though climate change worry seems to motivate climate
action in the short term, a better understanding of its positive and negative long-term
effects on motivation and health is needed. Future research could extend the current
findings by introducing bidirectional relationships between climate change beliefs,
worry, and climate change mitigation behavior, as well as testing the established

relationships using experiments and longitudinal methods.

4.2.2 Validity

In line with most previous research focusing on environmental attitudes and behaviors
(Lange & Dewitte, 2019), the data used in the current project is based solely on self-
reports. One issue with self-reported behavior measures is that they can induce issues
of response bias. For example, the clear skew of curtailment- and efficiency behaviors
reported in Paper II could be due to socially desirable responses, the tendency for
respondents to indicate a behavioral frequency that is viewed more favorably
(Edwards, 1957). Because both the ESS and the EPCC are based on face-to-face
interviews (in most countries), it is especially relevant to consider whether the mere
presence of another person, as well as their facial expressions or tone of voice, might
further influence responses. However, the problem of social desirability might not be
too large; Milfont (2009) found no such effects with regard to self-reported
environmental behaviors. Vesely and Klockner (2020) reported generally small
correlations, but substantial heterogeneity across the included studies. Research
looking specifically at energy consumption, which is the focus of Paper II, has also

found self-reports to be relatively accurate (Warriner, McDougall, & Claxton, 1984).
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The accuracy of self-reports can also be influenced by the length of the survey, and
both the ESS and the EPSS surveys are quite long (see Section 2.1 and Section 2.2).
Respondent fatigue is likely to occur if respondents get tired or bored during a long
survey, and it can lead to decreased data quality for questions asked later in the
survey. Respondent fatigue increases the likelihood of choosing the ‘don’t know’
option, answering in a pattern that requires less effort, skipping questions, or ending

the questionnaire altogether (Lavrakas, 2008b).

To avoid respondent fatigue, surveys may rely upon single-item measures of
constructs, as is the case in the current project. Single-item measures have several
advantages: they are short and flexible, easy to administer and complete, and less
time-consuming (Fuchs & Diamantopoulos, 2009). Still, the use of single-item
measures can be problematic. Using single questions to tap into a respondent’s age,
gender or income is not problematic, as the true value can be captured by asking about
it directly. However, it might be an issue when measuring energy-saving behaviors,
because several different types of curtailment behaviors and efficiency behaviors are
clustered together. For example, walking for short journeys or adjusting the thermostat
(both curtailment behaviors) might have somewhat different predictors. In line with
this, research has found that transportation behaviors differ from actions taken at
home (Poortinga, Steg, Vlek, & Wiersma, 2003). Future research should consider
whether and when more than one question is needed to identify and differentiate

between important facets.

Climate change worry was also measured with one question in the current project
(‘How worried are you about climate change?’). Single items are frequently used
within the emotion literature (Weidman, Steckler, & Tracy, 2017). One potential issue
is that theoretically important cognitive and affective aspects of worry might not be a
part of laypeople’s understanding of the concept. For example, rather than capturing
the repeated negative thoughts about climate change reflecting the concept of worry
(Borkovec et al., 1983), a single item asking about people’s level of climate change
worry might instead capture their general attitude arising at the time the question is

asked, aligning more with the definition of concern (Fransson & Girling, 1999).
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Possible issues with how respondents interpret survey questions are especially
relevant because our samples include several countries and thus translations into
several different languages'’. Previous research has shown that concepts differ in the
degree to which they are robust to translation (Repke & Dorer, 2021), and emotions
have been found to be interpreted somewhat differently in different cultures

(Weidman et al., 2017).

The single question asking about people’s climate change worry does not capture the
psychological distance of climate change, the issue’s importance, or even what
specific aspects people worry about. All of these factors could influence (the strength
of) the established relationships between climate change beliefs and worry, and
between worry and behavior. Future research should aim to gain a better
understanding of what people think about when they answer questions about climate
change worry, for example by using open-ended questions. These open-ended
questions could focus on what people think of as ‘worrying’ and what it is that makes
them worry (or not). Such open-ended questions may be especially relevant in the
context of climate change worry, where one can differentiate between worry for (e.g.,
loss of biodiversity) and firom the environment (e.g., extreme weather harming
humans). Research could further aim to investigate differences in responses between
relevant demographic and ideological groups. For example, when right-leaning
individuals worry about climate change, the content of their worries might be different

from that of left-leaning individuals.

Research from the US indicates that surveys on climate change are relatively robust
with regard to order and wording manipulations (Chen, Maclnnis, Waltman, &
Krosnick, 2021). However, Greenhill, Leviston, Leonard, and Walker (2013) found
that the answer options used in different surveys can influence estimated levels of
belief in anthropogenic climate change. Focusing specifically on the political
polarization in climate change beliefs, Motta, Chapman, Stecula, and Haglin (2019)

conclude that response options might especially - and strongly - influence the

10 Official translation guidelines for the ESS are available online (European Social Survey, 2016b).
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estimated number of Republicans who report believing in human-caused climate
change. Consequently, response options should be carefully considered in future

research focusing on possible differences between political and ideological groups.

4.2.3 Linearity

In all three papers, linear regressions were used to investigate relationships between
the variables. This means that the model assumes linear correlations between, for
example, worry about climate change and energy-saving behaviors, meaning that the
relationship is constant and follows a straight line. Consequently, it is assumed that an
increase in worry will always lead to an equally large increase in curtailment- and
efficiency behaviors. The true relationship might instead be curvilinear (Allen, 2017).
For example, the relationship could follow an inverted u-curve: medium worry could
be more effective in motivating energy-saving behaviors compared to both very low

and very high worry.

The question on linearity is also highly relevant for interaction effects. In both Paper I
and Paper II, we look at multiplicative interactions between an independent variable
and a suggested moderator. We examine (i) whether the relationship between climate
change beliefs and worry changes based on political orientation, and (ii) whether the
relationship between worry about climate change and energy-saving behaviors
changes based on efficacy beliefs. Multiplicative interaction effects assume that the
interaction between the predictor (e.g., worry) and the moderator (e.g., efficacy belief)
is linear. However, the true effects are just as often curvilinear, as highlighted by
Hainmueller, Mummolo, and Xu (2019). Consequently, our findings should be
understood as a linear approximation, not a true model. Future research could consider

curvilinear effects both theoretically and methodologically.

4.2.4 Type | and Type Il errors

One issue with quantitative data analysis is the risk of Type 1 error (false-positive
findings) and Type 2 error (false-negative findings) (Akobeng, 2016). Type 1 error is
especially problematic because it indicates that a relationship exists where it does not.

Furthermore, false positives are especially hard to invalidate once they are published
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(Simmons, Nelson, & Simonsohn, 2011). The large sample sizes in the datasets used
in the current project reduce the likelihood of false-negative results (Type 2 error).
However, Type 1 error remains a risk. This is especially relevant for the findings with
a significance level close to .05, where one out of twenty findings might have
occurred by chance and thus incorrectly identified an effect as significant where no
such difference exists. This applies to, for example, the interaction between worry
about climate change and personal outcome expectancy in the model predicting
curtailment behavior, and the interaction between worry and collective outcome
expectancy when predicting energy efficiency behaviors. The risk of false positives is
even higher given the small effect sizes (Ioannidis, 2005). Consequently, the
established effects should be replicated and investigated further in future research. For

a discussion of issues related to false positives, see Simmons et al. (2011).

4.2.5 Representativeness

Although the project utilizes large random and representative samples, and
additionally includes weighting variables to compensate for sampling bias, it is well-
known that certain groups tend to be underrepresented (e.g., Jang & Vorderstrasse,
2019) and that country-level factors can influence response rates (Daikeler, Silber, &
Bosnjak). Nonresponse bias (Lavrakas, 2008a) might influence both who is included
in the final dataset as well as who chooses to not answer specific questions in the
survey (e.g. the questions about income and political orientation typically have more
non-responses). Nonresponse has been an increasing issue in survey research in the
recent years, also in the ESS, although the trend is inconsistent across countries
(Koen, Loosveldt, Vandenplas, & Stoop, 2018). Consequently, it is important to

remember that a sample will never be fully representative of the population.

4.3 Practical implications

The studies’ large sample sizes make it highly likely that statistically significant
relationships will be detected, even when the effect sizes are very small (Sullivan &
Feinn, 2012). Small effect sizes are quite usual in psychological research (Gotz,

Gosling, & Rentfrow, 2021) because of the complexity of human behavior, and they
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can still be highly relevant; changing 6% of the variance in behavior could have a
large practical impact in some cases. Small effect sizes also remind us that there are
no simple solutions to increase worry or climate change mitigation behavior. This
interpretation is in line with other scholars who call for caution in drawing hasty
conclusions on how to use emotions in climate communication strategies, as emotions

are not ‘simple levers’ to be pulled to elicit behavior change (Chapman et al., 2017).

Despite these limitations, the results do suggest some practical implications. The
relatively modest level of worry about climate change across most European countries
can indicate that many do not feel at risk and therefore lack the motivation to act.
Even though information alone will not solve this issue, there is still a need to educate
about the causes and consequences of climate change and about possible solutions.
The first step in avoiding or debunking misinformation, including misinformation
regarding the causes and consequences of climate change, is to continue repeating
facts while referring to expert sources (Van der Linden, 2022). There is likely no
message that is equally effective among all groups. However, communicating the
scientific consensus might help correct false beliefs and reduce ideological

polarization (Van der Linden, 2021).

The observed differences in climate change perception between countries and between
demographic and ideological groups call for risk communication that accounts for
these differences; the consequences and solutions must be relevant and seem
important to the groups of people we want to reach. Communicated climate change
consequences should be concrete rather than abstract (Van Lange & Huckelba, 2021)
and tailored to local circumstances (Van Lange, Joireman, & Milinski, 2018).
According to the risk-as-feelings hypothesis, information about risk is more
emotionally involving and more effective if it is vividly connected to personal
experiences, people, and anecdotes (Loewenstein et al., 2001). An additional strategy
can be to emphasize global identity when communicating about climate change

impacts that are likely perceived as socially or spatially distant (Loy & Spence, 2020).
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The results of Paper II indicate that people are more likely to engage in climate
change mitigation behavior if they experience a combination of worry about climate
change and high outcome expectancies. Respondents reported higher mean levels of
personal efficacy than collective efficacy and higher mean levels of collective
outcome expectancy than personal outcome expectancy. This indicates a potential to
increase people’s sense of working together towards a shared goal, for example by
highlighting current efforts in their communities. One barrier to initiating engagement
is that people fail to see how their individual actions contribute to solving climate
change when it is framed as a global issue. In line with this, Moussaoui and
Desrichard (2016) argue that it is more effective to frame mitigation goals at a lower
level, for example at one’s university. Another line of research has found that
perceptions of personal and collective efficacy and outcome expectancy can be
influenced by descriptive social norms (Doherty & Webler, 2016; Thegersen, 2014).
Consequently, highlighting what people are already doing to mitigate climate change

can be an important part of public communication.

4.4 Ethical considerations

4.4.1 Using secondary data

The results of the current project are based on secondary data, which comes with both
advantages and disadvantages. On the one hand, secondary data means that the
researcher has limited knowledge of and control over (the quality of) survey
objectives, question development, formulation of questions and answer categories, and
data collection and handling. However, both the ESS and EPCC projects offer
substantial documentation of all steps taken, from the formulation of questions to
translation, data collection, and response rates. Each of the three papers had at least

one co-author who was involved in the original ESS or EPCC studies.

On the other hand, secondary data offers clear advantages in terms of cost and labor
effectiveness, time constraints, and data volume. Using data for several different
research purposes reduces the toll on research participants, which is especially

important with regard to hard-to-reach populations. Since the overarching aim of the
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project was to tap into public perceptions across European countries, the ESS and
EPCC offer data quality and richness that would have been unrealistic to collect for

this project specifically.

4.4.2 Objectivity

According to the value-free ideal'!, researchers should strive to minimize the
influence of social, ethical, and political values in data gathering and theory
development (Reiss & Sprenger, 2017). Survey results from Norway have shown that
more people perceive climate and environmental research to be highly politicized
(54%) compared to, for example, research in medicine (33%) or technology (27%)
(Kantar TNS, 2017). Contemplating the social, ethical, and political aspects of
research might be especially relevant when researching issues considered “political’,
such as climate change, and in light of the lack of political diversity within the social
sciences and psychology!'? (Enstad & Thorbjernsrud, 2022; Gross & Simmons, 2007;
Klein & Stern, 2009).

Values can affect research in several ways. First, they might guide what is researched.
This can be problematic because research ties up resources, meaning that some
research areas or research questions will be investigated at the expense of others. For
example, an excessive focus on replicating findings from the US regarding ideology
and ideological differences might limit opportunities to examine and understand other
relevant variables and relationships. However, because replication is one of the pillars
of science, looking at the effect of ideology with regard to different framings or within
different contexts could also be seen as something positive. Ideology is often included
as a control variable in research looking at climate change views, together with age

and gender, precisely because prior research has found consistent associations.

11 Striving for objectivity is usually not considered equivalent to denying commitment, engagement, or the
influence of values in research; instead, the goal is to reduce negative biases (Reiss & Sprenger, 2017).
12 For a larger discussion of the issues with, and reasons for, a lack of political diversity in research, see the
following sources (Duarte et al., 2015; Gross, 2013; Pfister & Bohm, 2015; Tetlock & Mitchell, 2015).
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Another potential issue is that identifying and focusing on differences between (e.g.,
political) groups might contribute to polarization. However, focusing on differences
between groups is important because it can yield a better understanding of why certain
processes or communication efforts fail and help us communicate more effectively
with a larger part of the public. Rather than avoiding accounting for group differences,
we should consider how people, groups, and concepts are represented. This entails
being aware of the language used and being careful to avoid mischaracterizing groups

or exaggerating differences.

4.5 Conclusion

Climate change is one of the biggest threats facing our world today, and its potential
impacts become more severe the longer we postpone actions to drastically reduce
greenhouse gas emissions (IPCC, 2018). Changes in behavior and lifestyle to mitigate
climate change have the potential to significantly bring down emissions, while also
improving human well-being (IPCC, 2022b). Given that beliefs and emotions play
central roles in initiating climate change mitigation behaviors, psychological research
is highly relevant. The current project aimed to investigate climate change perceptions
across Europe by exploring factors that might influence the relationships between
climate change beliefs and worry, between worry and climate change mitigation
behavior, and finally, what people imagine will be important climate change impacts

on their country.

The results of the current project show that most people associate climate change
impacts with environmental changes and that such beliefs are related to worry about
climate change. Believing that climate change is caused by humans and will have
negative consequences is related to higher levels of climate change worry, which is in
turn related to both curtailment and efficiency energy-saving behaviors. The project’s
largest contribution to the current state of knowledge stems from investigating factors

that alter these relationships.
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The project finds that political orientation alters the relationship between climate
change beliefs and worry, and that worry has a stronger relationship with energy-
saving behaviors when combined with the belief that individual and collective action
can help reduce climate change. People’s beliefs about important climate change
impacts on their country, as well as their level of worry and reported energy-saving
behaviors are affected by demographic factors and the country in which they live.
Future research could aim to gain a better understanding of the causal relationships

between climate change beliefs, emotions, and climate change mitigation behavior.
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Public perceptions are well established as a key factor in support for climate change
mitigation policies, and they tend to vary both within and between countries. Based on
data from the European Social Survey Round 8 (N = 44,387), we examined the role of
climate change beliefs and political orientation in explaining worry about climate change
across 23 countries. We show that belief in anthropogenic climate change, followed by
expectations of negative impacts from climate change, are the strongest predictors of
worry about climate change. While the strength of the association between political
orientation and worry about climate change varies across countries, self-positioning
further to the right of the political spectrum is associated with lower levels of worry in
most of the countries included in the analysis. We further show that political orientation
moderates the relationship between climate change beliefs and worry. While increased
confidence in the anthropogenic nature of climate change and expectations of negative
impacts are both associated with increased worry across the political spectrum, the
relationship is weaker among right-leaning as compared to left-leaning individuals.
Notably, the main effect of political orientation on worry about climate change is no
longer statistically significant when the interaction terms are present. Finally, a relatively
small amount of the explained variance in worry is attributable to differences between
countries. The findings might inform strategies for climate change communication in a
European context.

Keywords: worry, beliefs, causes, impacts, climate change, political orientation

INTRODUCTION

Public acceptability is recognized as a key factor for the successful implementation of measures
directed at tackling climate change (de Coninck et al., 2018). Understanding how individuals
perceive climate change can thus be central to mobilizing support for climate policies. Previous
research shows that the extent to which individuals worry about climate change can vary within
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countries in regards to social, cognitive, and cultural factors (Van
der Linden, 2017), but also across countries when considering the
overall level of worry expressed by the general public (Poortinga
et al.,, 2019). In addition, Poortinga et al. (2019) demonstrated
that the predictive strength of socio-political and demographic
variables in explaining concerns about climate change also differs
across countries and regions. The present study builds upon
that research to shed further light on how public perceptions of
climate change interact with political orientation in a European
context. In particular, we will focus on the relative importance
of and interactions between climate change beliefs and political
orientation in explaining worry about climate change.

Worry is one of several measures used to study climate change
risk perception, sometimes interchangeably with the concepts
of concern, perceived seriousness, and perceived risk. Van der
Linden (2017) proposes that personal worry, generalized concern,
perceived severity, and likelihood ratings are all components of a
“hierarchy of concern,” and that personal worry is the preferred
indicator if the goal is to understand the association with behavior
and/or policy support. In line with this, Van der Linden et al.
(2019) found that personal feelings of worry are associated with
higher levels of support for public action on global warming and
that this association is stronger for worry than for more cognitive
judgments. Smith and Leiserowitz (2014) reported that worry is
a far more important factor in support for climate mitigation
policies than are sociodemographics, cultural worldviews, and
other discrete emotions such as hope or anger. Consequently,
identifying what makes individuals worry about climate change
may help to provide a better understanding of public support and
engagement with the issue.

One factor that is often associated with people’s level of worry
is their beliefs about the causes and possible impacts of climate
change, sometimes referred to as mental models (Bostrom, 2017).
Previous research has shown that people are more likely to report
concern about climate change when they think that humans are
responsible for causing it (Lee et al., 2015; Shi et al., 2016), and
to be more willing to engage in pro-environmental behaviors
and to pay for policies when they think the consequences of
climate change will be severe (Mayer and Smith, 2019). Beliefs
about consequences for humans have been found to be central
to environmental risk perceptions (Bohm and Pfister, 2001) and
several experimental studies support that worry is an especially
likely emotional reaction when focusing on possible negative
consequences of environmental risks (Bohm, 2003; Bohm and
Pfister, 2005). Tobler et al. (2012) reported that, out of several
types of climate change knowledge, knowledge about causes was
most strongly related to climate change concern. Furthermore,
Bohm and Pfister (2017) found that human-caused risks are
more strongly related to moral blameworthiness and emotions
such as outrage than are natural risks, which suggests that causal
attributions are important for evaluations and emotions relating
to environmental risks, including climate change.

Another factor known to be associated with climate change
perceptions is political orientation, which, according to McCright
etal. (2016), constitutes one of the most important and consistent
predictors of climate change perceptions such as worry and
concern. A common approach to measuring political orientation

is to ask people to position themselves on a liberal versus
conservative (in the United States; e.g., American National
Election Studies) or a (political) left versus right (in Europe; e.g.,
European Social Survey) dimension. Research has found that left-
leaning or liberal individuals are more likely to believe in the
reality and anthropogenic nature of climate change, and to be
worried about it, than those who identify themselves as right-
leaning or conservative (for a review, see McCright et al., 2016).

Studies in which individuals place themselves on a liberal-
conservative continuum support this relationship for belief
in anthropogenic climate change (Hornsey et al, 2016) and
environmental concern (Cruz, 2017; Leiserowitz et al.,, 2019).
Most of these studies were conducted in the United States and
report small- to medium-sized associations. Measuring political
orientation on a left-right continuum in an international context,
Kvaloy et al. (2012) as well as McCright et al. (2015) found
that left-leaning individuals are more likely to perceive climate
change as a serious problem. Doran et al. (2018) found that
political orientation predicted support for climate policies, even
when controlling for consequence beliefs and moral concerns
about climate change. And Poortinga et al. (2019) found a
clear and highly consistent negative association between right-
leaning political orientation and climate change concern using
the same data as used in this paper. Compared to studies from
the United States, studies of European countries have generally
reported weaker associations between political orientation and
climate change views (McCright and Dunlap, 2011; McCright
et al., 2015; Lewis et al., 2019). For example, Smith and Mayer
(2018) report that the association between party affiliation,
mapped on a left-right continuum to allow for comparisons
across countries, and perceived danger from climate change
is strongest in English-speaking countries, moderate in non-
English-speaking Western European countries, and minimal in
post-communist states. McCright et al. (2015) found a similar
gap between Western European and former communist countries
with regard to the association between political orientation
and acceptance of anthropogenic climate change, perceived
seriousness, and support for mitigation action.

The ideological differences in climate change concerns
that have been identified in previous research may reflect
motivated reasoning; a process where existing worldviews and
desires influence how individuals interpret available information
(Kunda, 1990; Campbell and Kay, 2014; Lewandowsky and
Oberauer, 2016). In line with this, the theory of cultural
cognition argues that worldviews can make individuals downplay
or highlight risks, and generally perceive them differently
(Kahan, 2012). These theories have often been used to
explain a direct link between political orientation and climate
change views, but they could also explain how political
orientation may interact with climate change beliefs in shaping
perceived risk. While climate skepticism has been found
to be higher among right-leaning individuals (McCright
et al, 2016) most people in Europe—whether left-leaning
or right-leaning—report being at least partly aware of the
anthropogenic causes and possible negative consequences of
climate change (Steentjes et al, 2017; Pohjolainen et al,
2018). However, political orientation is associated with different
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values and goals (for a review, see Jost et al, 2009) and
thus may direct how information about (the causes and
consequences of) climate change are interpreted. While most
people seem to acknowledge that climate change will have
negative consequences across the world, this could be a more
substantial source of concern for left-leaning individuals (usually
connected to egalitarian values) as compared to right-leaning
individuals (usually connected to individualistic values), as
climate change poses a greater threat to the things they value
(Steg and Sievers, 2000).

Previous research has shown that political orientation can
moderate the relationship between education or self-reported
understanding and climate change concern (for reviews, see
Hamilton, 2011; McCright, 2011). For example, Hamilton (2008)
found that concern about the impacts of climate change on the
polar regions increased with higher levels of education for self-
reported liberals, while it decreased for those who identified
as conservative. Malka et al. (2009) found that higher levels
of self-reported knowledge about climate change were related
to increased concern among self-identified Democrats, while
this was not the case for self-identified Republicans. Similarly,
Guber (2013) found that party polarization regarding worry
about climate change increased with a higher self-reported
understanding of climate change. These studies indicate that
individuals might filter information in a way that aligns with
their ideology (McCright, 2011). However, this line of research
has measured knowledge by asking respondents to indicate
their subjective level of understanding, without tapping into
the actual content of the knowledge. Sinatra and Seyranian
(2015) argue that one can differentiate between unjustified beliefs
and justified true beliefs (supported by scientific evidence and
justified as knowledge). Neither self-reported understanding nor
education necessarily means that the respondents hold justified
true beliefs (knowledge) about climate change. While scientific
information and education can shape beliefs, people’s climate
change beliefs might still differ from the scientific consensus.
In the current paper, we focus on the interaction between
political orientation and people’s beliefs about the causes and
consequences of climate change. While both left-leaning and
right-leaning individuals might hold justified true beliefs about
climate change, we argue that, as a result of motivated reasoning,
such beliefs can lead to different reactions depending on a
person’s political orientation.

The present study adds to the literature addressing public
perceptions of climate change in a European context. We
expect that increased confidence in the anthropogenic nature
of climate change, belief in negative impacts, and a left-
leaning political orientation, are associated with higher levels of
worry. In addition to this, we seek to investigate whether the
associations between beliefs towards and worry about climate
change are contingent on a person’s political orientation. It is
well established that left-leaning individuals are more likely to
endorse responsibility for the environment as a moral value
(Feinberg and Willer, 2013) and to have concerns about the
consequences environmental problems can have on other human
beings and on the natural environment itself (Swami et al,
2010). We assume that such differences in values and worldviews

may influence to what extent the anthropogenic causes and
global consequences of climate change are deemed important
for people’s risk perception. Consequently, we expect a stronger
relationship between climate change beliefs and worry for
left-leaning than for right-leaning individuals. Accounting for
possible cross-national differences, we expect the association
between political orientation and worry about climate change to
be stronger in Western Europe than in post-communist countries
(Poortinga et al., 2019).

MATERIALS AND METHODS

Data Collection

This study utilizes data from Round 8 of the European Social
Survey (2016). The data were collected in 2016-2017 through
face-to-face interviews with N = 44,387 respondents from
Israel and 22 European countries. Representative samples of
the population aged 154 years were drawn from each country,
using strict random probability sampling. The mean age of
the overall sample was 46.97 (SD = 18.85), with 48% males
(n = 24,916) and 52% females (n = 27,226) when adjusted for
post-stratification and population size weights. The items used
in the analysis were taken from the core “Politics” module, as
well as the rotating module on “Climate Change and Energy”
that was included for the first time in Round 8 of the ESS. For
more information on the data, see the documentation report
(European Social Survey, 2018).

Measurements

The dependent variable of the analyses was self-reported worry
about climate change, measured with one item. The respondents
were asked to answer the question “How worried are you about
climate change?” with response categories 1 (Not at all worried),
2 (Not very worried), 3 (Somewhat worried), 4 (Very worried), 5
(Extremely worried). No answer to the question and the category
“Don’t know” were set to missing (n = 1733).

Two questions were asked to assess people’s climate change
beliefs. Beliefs about the causes of climate change were measured
by asking “Do you think that climate change is caused by natural
processes, human activity, or both?,” with answer categories 1
(Entirely by natural processes), 2 (Mainly by natural processes),
3 (About equally by natural processes and human activity), 4
(Mainly by human activity), or 5 (Entirely by human activity). No
answer and the options “I don’t think the climate is changing”
(n = 349) and “Don’t know” (n = 2153), were set to missing.
The variable was treated as continuous and centered around
the grand-mean of M = 3.42. Expectations about the severity
of climate change impacts were assessed by asking “How good
or bad do you think the impact of climate change will be
on people across the world?,” with an 11-point response scale
ranging from 0 (Extremely bad) to 10 (Extremely good). The
response scale was transformed into a dichotomous variable,
coded as O (Belief that the impacts will be good or neutral),
including answers from 0 to 5 on the reversed scale, and 1
(Belief in mostly bad impacts), including answers from 6 to 10
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on the reversed scale'. The category “Don’t know” and no
answer was set to missing (n = 3155). Political orientation was
measured by asking respondents: “In politics people sometimes
talk of ‘left’ and ‘right.” Using this card, where would you place
yourself on this scale, where 0 means the left and 10 means
the right?” The variable was grand-mean centered (M = 5.16).
A total of 5804 respondents lacked an answer or were in the
category “Don’t know,” which were set to missing. The shares
of missing observations on the left-right scale variable were
considerably higher in post-communist countries in Eastern
and Central Europe than in the remainder of the sample.
Table 1 shows a correlation matrix for the outcome and the
independent variables.

Age, education, and gender were included in the model as
control variables based on associations found in previous studies
(Marquart-Pyatt, 2008; Hornsey et al., 2016; Poortinga et al.,
2019). Gender was dummy coded, with 0 referring to male and
1 to female. Age was treated as a categorical variable with 10-year
intervals, centered on the grand-mean of M = 49.14. Education
had seven categories, representing the highest level of completed
education in line with the International Standard Classification
of Education (ISCED). The categories were 1 (ES-ISCED I /less
than lower secondary), 2 (ES-ISCED II/lower secondary), 3 (ES-
ISCED IIIb/lower tier upper secondary), 4 (ES-ISCED Illa/upper
tier upper secondary), 5 (ES-ISCED IV/advanced vocational/sub-
degree), 6 (ES-ISCED V1/lower tertiary education/BA level), and
7 (ES-ISCED V2/higher tertiary education/> = MA level).
The variable was grand-mean centered at 4.01. Table 2 shows
descriptive statistics for the variables included in the analyses.

Statistical Analysis

Because people within a country tend to share some features,
accounting for heterogeneous variance can help to gain a
more accurate picture of residuals. Multilevel models (MLM)
accomplish this by dividing the residual variance into within
and between components (Rabe-Hesketh and Skrondal, 2012;
Snijders and Bosker, 2012). We fitted random intercept and
random slope models in order to examine the overall association
and interactions between climate change beliefs, political
orientation, and worry about climate change. The models
comprise two levels that represent individuals (Level 1) nested
within countries (Level 2) and were fitted by using the mixed
command in Stata 15.

Four models were fitted. We started with an unconditional
model (Null Model) followed by a random intercept model with
individual-level variables (Model 1), a model that included the
interactions (Model 2), and a model including a random slope
for political orientation (Model 3). In random intercept models
the regression coefficients are held constant across all groups
(here: countries), while the intercepts are allowed to vary. This
is different from random slope models, where the relationship
between a predictor and the outcome is also allowed to vary
between groups. In the MLM outlined above, it is possible

!Belief about climate change impacts was dichotomized as this study aimed to
distinguish those who think that climate change will have mainly negative impacts
from those who believe in either neutral or mainly positive impacts.

to predict intercepts and slopes for the countries included in
the analysis. However, because countries are treated as random
variables, the models cannot be used to compare actual results
between the countries (Rabe-Hesketh and Skrondal, 2012, pp.
158-160). Instead of drawing inferences for specific countries
included in our sample, we seek to generalize the findings to the
total population.

Grand-mean centering was preferred to standardization in
the main models because it does not affect the regression slopes
and residual variances (Hox et al., 2017). We did, however, use
standardization in additional models. The effect size measure
R? cannot be directly applied to MLM. Instead, we calculated
the proportional reduction of variance (PRV), which has been
recommended to represent the strength of the relationship
between variables in MLM (Rabe-Hesketh and Skrondal, 2012;
Billett et al., 2014; Lorah, 2018). Interaction effects were plotted
and interpreted by using the margins and marginsplot commands
in Stata. Survey weights were not used in the MLM in order to
keep the models parsimonious and comparable.

RESULTS

The amount of the variation in worry that is attributable to
differences between countries was assessed by fitting a null
model without any predictors. The intraclass correlation (ICC)
indicated that about 6% of the total variance in individual-
level worry about climate change is attributable to variation
between countries ICC = 0.06, 95% CI [0.03, 0.10]. The ICC were
calculated as the ratio of the country-level variance to the total
variance: ICC = czmumry/(czmumry + 021ndividual)~ Continuing
with MLM rather than one-level models is recommended at this
ICC level to account for a lack of independence (Bliese, 1998;
Hox et al.,, 2017). The predicted country averages of worry about
climate change are shown in Figure 1.

Results from likelihood ratio tests confirmed that the model
with individual-level variables (Model 1) has a better fit than the
unconditional (‘null’) model ¥2(6) = 4821.69, p < 0.001. Model 1
shows that belief in the anthropogenic nature of climate change
and negative impacts on people across the world were associated
with more worry, while right-leaning political orientation was
associated with less worry (see Table 3).

A model including the interaction terms between climate
change beliefs and political orientation (Model 2) further
improved the fit, x2(2) = 63.58, p < 0.001. The interactions
between beliefs about climate change causes and political
orientation and between expected climate change impacts and
political orientation were both statistically significant. As seen
in Table 3, the main effect of political orientation was no longer
statistically significant after adding the interactions.

The final model (Model 3) included a random slope on
political orientation, which again led to an improvement of model
fit, x2(2) = 21.15, p < 0.001. In this model, increased worry
was predicted by belief in anthropogenic climate change and
negative impacts. The main effect of political orientation was
not statistically significant, just as in Model 2. The interaction
between beliefs about climate change causes and political
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TABLE 1 | Correlation matrix.

Worry about climate change Climate change attribution Climate change impact Political orientation

Worry about climate change 1.00
Climate change attribution 0.30" 1.00
Climate change impact 0.29" 0.24* 1.00
Political orientation —0.11** —0.10** —0.12** 1.00
**Correlation is statistically significant at the 0.01 level (two-tailed). Weighted with a combination of post-stratification weight and population weight.
TABLE 2 | Descriptive Statistics for variables in the study.
Individual-level (N = 44 387) m SD Min Max
Worry about climate change (1 = Not at all worried; 5 = Extremely worried) 3.06 0.94 1 5
Climate change attribution (1 = Entirely by natural processes; 5 = Entirely by human activity) 3.42 0.83 1 5
Climate change impact (0 = Extremely good; 10 = Extremely bad) 6.80 219 o] 10
Political orientation (0 = Left; 10 = Right) 4.99 2.18 o] 10
Age 46.97 18.85 15 100
Gender (Female) 0.52 0.50 0 1
Education 3.78 1.82 1 7
Country-level (N = 23)
All variables are weighted with a combination of post-stratification weight and population weight.
Portugal —
Spain R | N
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How worried about climate change
FIGURE 1 | Mean worry by country. Weighted with a combination of post-stratification weight and population weight.

orientation and between beliefs about climate change impacts
and political orientation were both still statistically significant.
The intercept-slope covariance was not statistically significant,

thus including the correlation estimate did not improve the
model. The effects of the three control variables age, gender,
and education were highly consistent throughout the models.
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TABLE 3 | Model results.

Null Model Model 1 (Level 1 Model 2 Model 3 (random slope)
variables) (interactions)
B (SE) B (SE) B (SE) B (SE)
Fixed coefficients
Intercept 3.07 (0.05) 2.78 (0.04) 2.77 (0.04) 2.78 (0.04)
Climate change attribution 0.29 (0.01)** 0.29 (0.01)** 0.28 (0.01)™**
Climate change impact 0.31 (0.01)** 0.32 (0.01)** 0.32 (0.01)**
Political orientation —0.03 (0.00)*** —0.01 (0.00) —0.01 (0.00)
Climate change attribution=political orientation —0.01 (0.00)** —0.01 (0.00)**
Climate change impact=political orientation —0.03 (0.00)*** —0.03 (0.00)**
Age 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Gender (Female) 0.12 (0.01)™* 0.12 (0.01)™* 0.12 (0.01)™*
Education 0.02 (0.00)** 0.02 (0.00)** 0.02 (0.00)***
Random parameters (error variance)
Level 2: Country 0.05 (0.01) 0.03 (0.01) 0.03 (0.01) 0.03 (0.01)
Level 2: Political orientation 0.00 (0.00)
Level 1: Individual 0.77 (0.01) 0.68 (0.01) 0.67 (0.01) 0.67 (0.01)
Log likelihood —46,111.858 —43,701.011 —43,669.223 —43,658.649
AIC 92,229.72 87,420.03 87,360.45 87,343.3
Variance explained by covariates ICC = 0.06, Pseudo R? = 0.138 Pseudo R? = 0.140 Pseudo R? = 0.141
95% C1[0.03,0.10] R»2 =0.329 R.? =0.332 R22 =0.334 R12 =0.129
R4%2=0.126 R4%2=0.128 ICC = 0.05, 95% CI [0.03,0.08]

All variables are grand-mean centered, except gender (0 = Male; 1 = Female) and impact (0 = Good; 1 = Bad). **Statistically significant at the p = 0.001 level, ***statistically
significant at the p < 0.001 level. Total R-squared and separate reduction of variance are calculated following the method used in Rabe-Hesketh and Skrondal (2012).
N = 35,690 individuals, N = 23 countries.

Predictive Margins with 95% Cls
4

w
3

Linear Prediction, Fixed Portion
w

2.5

—o— Furthest Left
—— Centre
-9 - Furthest Right

Entirely nature Equally nature and human Entirely human
Cause of Climate Change

FIGURE 2 | Interaction 1: Climate change attributionspolitical orientation. Predictive probabilities for increased worry about climate change. The different categories
of individual political orientation equal furthest left, center, and furthest right on the 11-point continuum. All other predictors are at their observed values.
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FIGURE 3 | Interaction 2: Climate change impactsxpolitical orientation. Predictive probabilities for increased worry about climate change. The different categories of
political orientation equal furthest left, center, and furthest right on the 11-point continuum. All other predictors are at their observed values.
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Table 3 shows that age was not statistically significant in any
of the models, while higher levels of education were related
to increased worry and women were more worried than men
across all models.

The interaction between political orientation and beliefs about
climate change causes (see Figure 2) suggests that thinking
that climate change is caused by human activity is associated
with increased worry, independently of political orientation. The
relationship was statistically significant for individuals furthest
left (B = 0.33 (01), z = 22.81, p < 0.001 CI [0.30, 0.35]), center
(B=0.29(0.01), z=48.68, p < 0.001 CI [0.27, 0.30]), and furthest
right (B = 0.25 (0.01), z = 18.75, p < 0.001 CI [0.22, 0.27]) on
the spectrum. However, the strongest effect was found for those
furthest left, followed by center and furthest right. There were no
differences in worry between the three groups for individuals who
believe climate change is caused entirely by natural processes.

The interaction between political orientation and climate
change impacts (see Figure 3) indicate that there is no difference
in worry between people who place themselves on the political
scale furthest to the left, center, or furthest to the right if they
believe that the impacts of climate change will be neutral or
mostly good. In contrast, worry increased for all three groups
when individuals believe that the impacts will be negative across
the world, and a gap between the political positions becomes
apparent. The positive relationship between belief in negative
impacts and worry about climate change was largest for people
furthest to the left (B = 0.46 (0.03), z = 17.58, p < 0.001, CI [0.41,

0.51]), followed by people in the center (B = 0.32 (0.01), z=31.61,
p < 0.001, CI[0.30, 0.34]), and smallest for people furthest to the
right (B = 0.18 (0.02), z = 7.65, p < 0.001, CI [0.13, 0.23]).

Figure 4 shows the predicted slopes for political orientation
across countries, with all covariates included in the model. The
random slopes can be thought of as an interaction between
individual-level political orientation and country. The figure
shows that the effect of right-leaning political orientation on
worry is negative across most countries, but the strength of the
effect varies. Consistent with our expectations, the relationship is
generally stronger for Western European countries compared to
post-communist states. In Italy and some of the post-communist
countries, the slopes indicate a positive relationship.

In order to get comparable effect sizes, we refitted Model 1
with standardized versions of the predictors. Standardization was
done following recommendations for calculating effect sizes for
fixed effects in MLM (Lorah, 2018). The standardized coefficient
for climate change causation was B = 0.23 (p < 0.001), for
belief in negative impacts p = 0.14 (p < 0.001), and for
political orientation § = —0.06 (p < 0.001), education (f = 0.05,
p < 0.001), and gender (B = 0.06, p < 0.001). The same
pattern was found in the final model (Model 3), where the
standardized coefficient for climate change causes were f = 0.23
(p < 0.001), for belief in negative impacts = 0.14 (p < 0.001),
and for political orientation p = —0.08 (p < 0.001), education
(B = 0.04, p < 0.001), and gender (B = 0.06, p < 0.001).
In addition to standardization, effect sizes were indicated by
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FIGURE 4 | Predicted average slope of political orientation on worry about climate change for each country combined with country-specific intercepts. Austria AT,
Belgium BE, Switzerland CH, Czech Republic CZ, Germany DE, Estonia EE, Spain ES, Finland Fl, France FR, United Kingdom GB, Hungary HU, Ireland IE, Israel IL,
Iceland IS, Italy IT, Lithuania LT, Netherlands NL, Norway NO, Poland PL, Portugal PT, Russian Federation RU, Sweden SE, Slovenia SI.

the PRV for each predictor, PRV = (Varmodel excluding one predictor
— Varmodel includingall predictors ) VaI'model excluding one predictor (Billett
et al,, 2014). The results from refitting Model 1 three times,
each time excluding one of the main predictors, indicated that
beliefs about climate change causes had the biggest impact out
of the covariates (PRV = 0.07), followed by belief in negative
impacts (PRV = 0.03). Political orientation did not have a
measurable distinct direct contribution. The same results was
found for Model 3.

The overall PRV is here referred to as Pseudo R? and calculated
by following the recommendations from Rabe-Hesketh and
Skrondal (2012). By first comparing the unconditional model
with Model 1, we see that the covariates in total explained about
14% of the variance in worry about climate change (Total Pseudo
R? = 0.138). The final model (Model 3), including interactions
and a random slope, still explained approximately 14% of the
variance (Total Pseudo R? = 0.141).

In the final model, about 5% of the variance in worry was
attributable to differences between countries ICC = 0.05, 95%
CI [0.03, 0.08] compared to 6% in the Null Model ICC = 0.06,
95% CI [0.03, 0.10]. This means that compositional differences
in the individual-level variables explained only a small amount of
Level 2 variance.

DISCUSSION

This study examined the overall association between belief
in anthropogenic climate change, impact evaluations, political

orientation on the one hand and worry about climate
change on the other. Because climate change risk perception
might be influenced by country-contexts, we further explored
possible group effects. Our results indicate that differences
between countries explain a relatively small proportion of
worry about climate change. One reason might be that there
is too much variation within countries to reveal strong
contextual effects. For example, prior research has found
regional differences in actual and perceived vulnerability to
climate change impacts, such as flooding (Brody et al,
2008). This implies that smaller areas, such as municipality
or city, might be more suitable to account for possible
cluster differences.

In line with prior studies (Lee et al., 2015; Shi et al., 2016),
our results indicate that recognizing the human causes of climate
change predicts worry. This could be because risks perceived to
be human-caused are associated with greater feelings of moral
responsibility compared to naturally occurring risks (Bohm and
Pfister, 2017). According to the standardized coefficients and
the PRV, beliefs about climate change causes had the largest
effect out of the predictors. The second largest effect was that
of belief in negative impacts. The results showed a positive
relationship between belief in negative impacts of climate change
and reported levels of worry, which supports prior findings
(Bohm and Pfister, 2005; Mayer and Smith, 2019). Research
conducted on the concept of psychological distance has indicated
that asking about impacts “on people across the world” can have
a weaker relation to worry compared to questions about impacts
that are geographically and socially close (Spence et al., 2012). It is
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thus possible that the strength of the relationship between belief
in negative impacts and worry about climate change would have
been stronger if the question had been framed differently.

Moreover, the predictive power of climate change beliefs on
worry was substantially stronger compared to differences in
political orientation. The fact that the strength of the association
between political orientation and worry differs across countries is
likely a partial explanation for the weaker main effect. It should
be noted that even though the effect varies, the results indicate
that the direction of the relationship is consistent across most
countries. Specifically, individuals located further right on the
political spectrum generally report being less worried than those
further to the left. The reason for the cross-national variation
could be explained with the anti-reflexivity thesis, which can also
explain why political orientation seems to have more predictive
power in the United States (McCright, 2011; McCright et al.,
2016) compared to Europe (McCright et al.,, 2015; Smith and
Mayer, 2018; Poortinga et al., 2019).

The anti-reflexivity thesis, often used to explain climate
change skepticism, upholds that right-leaning individuals,
organizations, and political parties seek to defend the capitalist
system, which can be threatened by the need for climate change
mitigation (McCright, 2016). Conservative think tanks and anti-
reflexivity movements have been especially visible and robust
in the United States (McCright et al.,, 2016). A consequence
of these movements could be perceptions of weaker social
and scientific consensus concerning the causes and possible
consequences of climate change. This is important because prior
research indicates that perceived consensus can reduce the gap
in reported worry about climate change between the political
left and right. For example, Goldberg et al. (2019) found that
the relationship between conservative leanings and self-reported
worry was, while still existent, substantially less negative for
individuals that reported high social consensus among family and
friends. Similar results have been found for perceived scientific
consensus (Van der Linden et al., 2019).

The fact that the direct association between political
orientation and worry is no longer statistically significant when
the interactions are present indicates that, rather than it having
a direct influence, political orientation alters the relationship
between climate change beliefs and worry. Our results show that
belief in anthropogenic climate change and its negative impacts
on people across the world is more strongly related to worry for
left-leaning individuals than for right-leaning individuals. The
differences are in line with motivated reasoning, and are plausible
when considering typical interests, values, and worldviews within
left-leaning versus right-leaning political orientation (Jost et al.,
2003; Jost et al, 2009; Balliet et al, 2018). For example,
asking specifically for possible worldwide consequences of climate
change could prime egalitarian values often related to the political
left, as opposed to the more individualistic values found on
the political right. Consequently, left-leaning individuals might
emphasize global risks more than those furthest right on the
political spectrum. In line with this, Hart and Nisbet (2012)
found that messages that include social distance cues can increase
polarization in policy preferences. While positive attitudes
toward climate change mitigation policies were independent of

whether the potential victims were local or foreign for self-
identified Democrats, high social distance reduced policy support
among self-identified Republicans. It is important to mention
that, though somewhat weaker, the relationship between climate
change beliefs and worry are still positive also for right-leaning
individuals. Further, there are no differences between the political
groups for individuals that believe either that the causation of
climate change is entirely natural, or that the impacts will be
neutral or good.

Future research including political orientation may need to
consider more closely what is meant by “left” and “right” because
the effect of political orientation might depend on what these
labels represent. The meaning of the labels may vary across
countries and even across different groups within countries, and
they may signify variation on different dimensions. For example,
Caughey et al. (2019) distinguish between economic, social, and
immigration-related conservatism and progressivism in Europe,
and find that on average, citizens of Northern Europe tend to be
more progressive (left-leaning) on immigration and social issues
but more conservative (right-leaning) on economic issues than
their Southern and Eastern European counterparts. The cross-
country difference found in the present study, and previously
by Smith and Mayer (2018) and McCright et al. (2015) may
thus in part relate to the fact that the left-right scale structures
party competition in different countries in different ways. More
specifically, the difference between post-communist countries
and other democracies may be due to a potentially weaker role of
ideological debate along a left-right scale. The data on the share of
respondents positioning themselves on a left-right scale suggest
a somewhat lower relevance of the left-right scale in Eastern
European countries than in Western Europe (Dalton et al., 2011).
This is an important limitation because whether respondents
think of left and right in economic rather than social terms
may matter for the effect of this construct on their perceptions
about climate change.

Some other limitations of the current study should be noted,
especially in terms of measurement. First, the reported analyses
employed single-item measures for the investigated constructs,
which can influence their validity. From a theoretical perspective,
worry is a personal emotional reaction to a perceived threat and
should motivate behavior aimed at reducing the risk (Smith and
Leiserowitz, 2014; Van der Linden, 2017). Our findings do not
provide any details about what aspects or impacts of climate
change people worry about, and whether this differs within
or across countries. Previous research has shown that group
membership can influence perceptions of environmental issues
(Song et al., 2020) and it is likely that left-leaning and right-
leaning individuals may worry about different threats. Further,
the data provide no insights into how individuals prioritize the
issue of climate change compared to other societal issues. Studies
using open-ended and unprompted questions to investigate the
relative importance of climate change have found climate change
to have a relatively low relevance compared to other issues, and
that its importance differs across countries (Steentjes et al., 2017).
An unspecific understanding of what it means when people say
they are “worried” about climate change may limit the practical
relevance of the relationship between climate change beliefs

Frontiers in Psychology | www.frontiersin.org

July 2020 | Volume 11 | Article 1573



fpsyg-11-01573

July 14, 2020 Time: 17:45 #10

Gregersen et al.

Worry About Climate Change

and worry. Finally, since the reported analyses were based
on cross-sectional data, interpretations about causal directions
of the identified relationships have to be made with caution.
For example, the relationship between climate change beliefs
and worry could be spurious, with a confounding factor
explaining their association. Furthermore, while the current
paper assumes that climate change beliefs affect worry, it is
also possible that worry affects climate change beliefs. Worrying
about climate change may stimulate information seeking (Mead
et al,, 2012) which could increase knowledge about the causes
and impacts of climate change. We thus see the investigation
of the content of people’s worries and the direction of the
relationship between beliefs and worry as fruitful avenues for
future research.

CONCLUSION

The current study finds that political orientation alters
the association between climate change beliefs and worry.
Specifically, believing that climate change is caused by humans
and will have negative impacts across the world is a more
potent source of worry for left-leaning than for right-leaning
individuals. The findings might help inform strategies for
international climate communication. While focusing on more
knowledge and acceptance of anthropogenic climate change
remains an important factor across European countries, relying
solely on an increase in information is likely not the most
effective measure. Instead, communication efforts should take
into account that political orientation might influence how beliefs
about the causes and consequences of climate change relate
to worry. One way to deal with this is to consider relevant
worldviews and values within different political orientations
and tailor messages accordingly. For example, if the goal is
to target individuals with a right-leaning political orientation,
focusing on the possible economic or local consequences
of climate change might work better than global framings.
Further, such climate change information might be more
effective if communicated and supported by diverse political
elites and advocacy groups (Brulle et al, 2012). Previous
research suggests that perceived consensus is highly relevant
and that messages about social and scientific consensus can
affect worry both directly and indirectly through increased
confidence in the anthropogenic character of climate change
(Van der Linden et al., 2015, 2019).
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Abstract

This paper explores whether efficacy beliefs can alter the relationship between worry about
climate change and personal energy-saving behaviors, controlling for climate change beliefs
and socio-demographics. For this purpose, we used data from 23 countries that participated
in the European Social Survey Round 8 (N = 44 387). Worry about climate change, personal
efficacy, personal outcome expectancy, and collective outcome expectancy were each
associated with personal energy-saving behaviors concerning either energy curtailment or
energy efficiency. The results further show that outcome expectancies moderate the associ-
ation between worry about climate change and both types of energy behaviors. Worry was
more strongly related to energy curtailment behaviors among those with high levels of per-
sonal and collective outcome expectancy. A similar pattern was found for energy efficiency
behaviors, which were more strongly predicted by worry about climate change when com-
bined with high levels of collective outcome expectancy. These findings are relevant for cli-
mate change communication, especially informational campaigns aiming to lower overall
household energy use.

Introduction

In December 2019, the European Commission proposed the European Green Deal as part of a
long-term strategy to move towards a circular economy, and eventually reach the goal of net-
zero greenhouse gas (GHG) emissions no later than 2050 [1]. Actions outlined to reduce emis-
sions include decarbonizing the energy sector by focusing on low-carbon energy sources and
efficient energy use. When it comes to measures that individual households can implement to
save energy, the pertinent literature commonly distinguishes between curtailment and effi-
ciency [2, 3]. Energy curtailment refers to actions that save energy by reducing the frequency
or intensity of certain behaviors, such as turning off the lights when leaving a room. Energy
efficiency-related actions, in contrast, refer to investments in energy-efficient equipment
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which do not necessarily require behavioral change, such as replacing an old cooling unit in
the household. This conceptual distinction has been empirically supported for several house-
hold behaviors, including personal attempts to save water [4] and energy [5].

According to statistics provided by the International Energy Agency (IEA), the residential
sector accounts for a considerable share of the overall energy consumption in Europe, a pat-
tern that appears relatively stable over time [6]. It follows from this that promoting energy sav-
ings at the household level has the potential to significantly reduce GHG emissions and, in
turn, help reach the goal of net-zero emissions. Knowledge about individual-level factors that
may foster curtailment and/or efficiency behaviors can provide useful insights for targeted
communication strategies; and numerous studies have focused on the psychological determi-
nants of such behaviors, both within [e.g., 7-9] and outside [e.g., 10-13] the European context.
The investigation reported in this paper is premised on the assumption that people’s motiva-
tion to protect themselves against perceived threats, and by extension how they will eventually
react to the threatening situation, can be derived from an appraisal of the threat itself and an
appraisal of their coping capacity [14, 15]. An increasing volume of empirical studies suggests
that the outcomes of these appraisals are not only relevant for explaining coping with individ-
ual stressors such as health problems [16, 17], but also for predicting how individuals respond
in the face of environmental stressors [18-20].

Threat appraisals—often operationalized as ‘worry’, ‘concern’, or ‘perceived seriousness’—
have received considerable research attention with regards to the study of people’s perceptions
of climate change [21]. Research focusing specifically on the issue of climate change and self-
reported energy-saving behaviors has documented that people who are concerned about cli-
mate change report a higher willingness to reduce their energy use [22]. Pertinent literature
generally finds a positive relationship between the perceived seriousness of climate change and
both curtailment- and efficiency-related actions [23], for example showing that people who
rank ‘climate change’ as the most serious issue facing the world are more likely to engage in
household energy-saving behaviors, such as buying energy-efficient household appliances
[24]. Worry, characterized by the repeated experience of anxiousness or thoughts about a
potentially negative event, is considered more personal and experiential than perceived seri-
ousness and concern and thus more likely to motivate mitigative actions [21, 25].

In line with this, recent literature has identified worry about climate change as one individ-
ual-level factor that may motivate energy-saving behaviors. Umit, Poortinga, Jokinen and Poh-
jolainen [26] analyzed data from Round 8 of the European Social Survey (ESS) to explore the
role of income on such behaviors while controlling for worry about climate change, among
other variables. They reported that those more worried about climate change scored higher on
both curtailment-related (i.e., reducing the amount of energy consumed) and efficiency-
related (i.e., making financial investments in energy-efficient appliances) actions. Bouman
et al. [25] used the same dataset to consider worry as a predictor of energy-saving behaviors
and climate policy support. The more individuals expressed worry about climate change, the
more likely they were to report engaging in energy-saving behaviors; yet, the direct relation-
ship between the variables was relatively weak [25]. These findings imply that worry about cli-
mate change is arguably relevant, but maybe not sufficient, for people to engage in personal
energy-saving behaviors. As stated by Steg [27], “people often do not act in line with their con-
cerns, and total household energy use is still rising” (p. 4450). The current paper expands upon
the existing literature by exploring whether various forms of efficacy beliefs can explain parts
of this gap.

A central aspect of understanding why people engage in or refrain from acting against cli-
mate change is their sense of efficacy [28, 29]. The notion of efficacy was originally introduced
by Bandura [30], who distinguished between beliefs about one’s ability to perform a specific
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behavior (personal efficacy) and expectations about whether this behavior will lead to certain
outcomes (outcome expectancy). This distinction has been widely used in the psychological lit-
erature, for instance in the assumption that perceived efficacy and outcome expectancy may
both feed into coping appraisals in the face of health threats [31] and environmental problems
[20]. With particular relevance for the present investigation are studies showing that higher
levels of personal efficacy are associated with attempts to conserve energy by specifically regu-
lating temperature or generally performing household curtailment behaviors [32] and with a
range of other individual pro-environmental [33-35] and adaptation [36] behaviors. Positive
relationships between efficacy beliefs and different forms of pro-environmental behaviors have
also been reported in empirical investigations with measures combining personal efficacy and
outcome expectancy [e.g., 37-40].

Recognizing that any successful mitigative response to climate change necessitates coopera-
tion from across society, there have been calls to investigate efficacy beliefs relating to collec-
tive action in addition to, and sometimes instead of, personal efficacy [41, 42]. Studies within
this area indicate that believing in a group’s collective ability to achieve desired outcomes
relates to public support for policies aimed at reducing carbon emissions [43], public-sphere
actions such as voting and protesting [44], household waste management [45], electric vehicle
acceptance [46], and intention to reduce plastic use [47]. Some findings indicate that collective
efficacy might be more important than personal efficacy in the context of pro-environmental
behaviors more generally [18, 19], even though this finding is not always consistent [48, 49].

While there are reasons to assume that being worried will function as a motivation for peo-
ple to act on climate change [21, 50, 51], believing that one’s actions are insignificant may in
the meantime restrain personal engagement, even among those who are aware of the threat cli-
mate change poses [52, 53]. Research on fear appeals suggests that perceived risk without a
sense of efficacy can lead to denial or disclaiming responsibility rather than taking action [54-
56]. Whereas the notion that high levels of perceived risk can hinder action when combined
with low levels of efficacy is not always supported [51, 57], it is generally assumed that high lev-
els of efficacy reduce doubts or avoidance in situations where people express a general willing-
ness to act [58-60]. Supporting evidence stems from research showing that informational
messages combining high threat with high efficacy are more effective in increasing personal
engagement with climate change than messages portraying only the possible negative impacts
[61]. One plausible interpretation of this literature is that even though a certain level of con-
cern (or worry) for climate change may facilitate preparedness to take mitigative actions,
believing that the proposed strategies are effective and that one has the capacity to implement
them, helps enable actual behavioral responses.

Research aims

Our research draws on cross-national studies supporting a positive relationship between
worry about climate change and personal energy-saving behaviors [25, 26]. Building upon
these findings, the goal of the current paper is twofold: (i) to establish the relative importance
of worry about climate change for explaining self-reported energy curtailment and energy effi-
ciency behaviors, controlling for efficacy beliefs, climate change beliefs, and socio-demograph-
ics; (ii) to test whether the relationship between worry about climate change and personal
energy-saving behaviors varies as a function of believing that one can perform the behavior
(personal efficacy), that it is likely that a large number of people will perform the behavior (col-
lective efficacy), and that this would mitigate climate change either through individual action
(personal outcome expectancy) and/or through group action (collective outcome expectancy).
We expect that worry will be more strongly related to energy efficiency and curtailment
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behaviors when combined with the belief that personal and collective behavior change is possi-
ble and/or effective for mitigating climate change. Because people living within the same coun-
try are likely to share certain characteristics and are thus expected to be somewhat similar in
their responses, multilevel models are used to control for possible group effects in energy cur-
tailment and energy efficiency [62].

Materials and methods
Data collection

The findings reported in this paper are based on self-report data obtained from N = 44 387
respondents from 23 mostly European countries. The data were collected through face-to-face
interviews in 2016-2017 as part of the ESS Round 8 [63], which was the first round to include
questions on climate change and energy behaviors. Strict random probability sampling was
used to draw samples from each country, with participants aged 15 and over. The total sample
consists of 48% males and 52% females with a combined mean age of 46.97 years (SD = 18.85)
when adjusted for post-stratification and population size weights. The study was reviewed and
approved by ESS ERIC Research Ethics Committee (REC). In accordance with the ESS ERIC
Statutes (Article 23.3), the ESS ERIC subscribes to the Declaration on Professional Ethics of
the International Statistical Institute. Written informed consent to participate in the study was
given by all participants and was provided by the participant’s legal guardian/next of kin if the
respondent was under 16 years of age at the time of the interview. More detailed information
about the data is available in the documentation report [64].

Measurements

Two types of energy behaviors were included as dependent variables in the analyses, energy
curtailment behaviors, and energy efficiency behaviors [2, 3]. Energy curtailment behaviors
were measured by asking “There are some things that can be done to reduce energy use, such
as switching off appliances that are not being used, walking for short journeys, or only using
the heating or air conditioning when really needed. In your daily life, how often do you do
things to reduce your energy use?”, with response categories 1 (Never), 2 (Hardly ever), 3
(Sometimes), 4 (Often), 5 (Very often), and 6 (Always). Energy efficiency behaviors were
assessed with the question “If you were to buy a large electrical appliance for your home, how
likely is it that you would buy one of the most energy efficient ones?”, measured on a scale
from 0 (Not likely at all) to 10 (Extremely likely). There were n = 551 (for curtailment) and
n=1111 (for efficiency) missing values.

The independent variables consisted of worry about climate change and four efficacy
beliefs. Worry about climate change was measured by asking respondents to answer the ques-
tion “How worried are you about climate change?” from 1 (Not at all worried), 2 (Not very wor-
ried), 3 (Somewhat worried), 4 (Very worried) to 5 (Extremely worried). The item had n =1 733
missing values.

The four efficacy beliefs referred to (a) personal efficacy, (b) personal outcome expectancy,
(c) collective efficacy, and (d) collective outcome expectancy. Personal efficacy was measured
with the question “Overall, how confident are you that you could use less energy than you do
now?” with a response scale ranging from 0 (Not at all confident) to 10 (Completely confident)
and n = 952 missing observations. The question “How likely do you think it is that limiting
your own energy use would help reduce climate change?” was used as an indicator of personal
outcome expectancy. Collective efficacy was assessed with the question “How likely do you
think it is that large numbers of people will actually limit their energy use to try to reduce cli-
mate change?”. Finally, the following question captured the level of collective outcome
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expectancy: “Now imagine that large numbers of people limited their energy use. How likely
do you think it is that this would reduce climate change?”. The last three questions were
answered on a scale from 0 (Not at all likely) to 10 (Extremely likely), with n = 2 733 (for per-
sonal outcome expectancy), n = 2 977 (for collective efficacy), and n = 3 255 (for collective out-
come expectancy) missing values.

Covariates in the analyses included climate change beliefs and a number of socio-demo-
graphic variables. Climate change beliefs, previously shown to be related to worry about cli-
mate change in the ESS [65], were captured with two questions. The question “Do you think
that climate change is caused by natural processes, human activity, or both?”, with answer cate-
gories 1 (Entirely by natural processes), 2 (Mainly by natural processes), 3 (About equally by nat-
ural processes and human activity), 4 (Mainly by human activity), or 5 (Entirely by human
activity), was asked to assess respondents’ beliefs about the anthropogenic causation of climate
change. There was a total of n = 2 502 missing values to this question, including the response
option labeled “I dont think the climate is changing”. Evaluation of the seriousness of climate
change consequences was assessed with the question “How good or bad do you think the
impact of climate change will be on people across the world?”. The question was originally
answered on an 11-point scale ranging from 0 (Extremely bad) to 10 (Extremely good), which
was later reversed and dichotomized to 0 (Belief that the impacts will be good or neutral),
including answers from 5 to 10, and 1 (Belief in mostly bad impacts), including answers from 0
to 4. The variable was dichotomized in order to distinguish those who believe in mostly nega-
tive impacts of climate change from those who do not, following similar procedures as in Gre-
gersen et al. [65].

Household income was categorized from the 1% to 10" decile. It should be noted that this
variable had quite a lot of missing observations (n = 7 942). Of these, n = 4 990 missing obser-
vations were due to refusal to answer the question, while the rest compromised “don’t know”
(n =2902) and missing data without an assigned explanation (n = 50). Political orientation
was assessed by asking respondents “In politics people sometimes talk of ‘left’ and ‘right’.
Using this card, where would you place yourself on this scale, where 0 means the left and 10
means the right?”. The variable had 5 804 missing observations. Age was categorized into ten-
year intervals and gender was dichotomized into male (0) and female (1). Education was mea-
sured based on the ESS version of the ISCED (International Standard Classification of Educa-
tion) categorization: 1 (ES-ISCED I /less than lower secondary), 2 (ES-ISCED I1I/lower
secondary), 3 (ES-ISCED IIIb/lower-tier upper secondary), 4 (ES-ISCED Illa/upper-tier upper
secondary), 5 (ES-ISCED IV/advanced vocational/sub-degree), 6 (ES-ISCED V1/lower tertiary
education/BA level), 7 (ES-ISCED V2/higher tertiary education/> = MA level).

Further descriptive information can be found in Table 1. Correlations between the main
variables are reported in Table 2.

Statistical analysis

Due to the nested structure of the ESS Round 8 data, the associations between worry about cli-
mate change and personal energy-saving behaviors were analyzed by fitting linear two-level
(individual and country) multilevel models in Stata 16 using the mixed command. As we
were interested in the overall effect of the variables and in generalizing the results to a broader
population, the role of the country-level residuals was to help estimate standard errors cor-
rectly. We conducted multiple regressions to allow us to measure the effect of each predictor
while controlling for the other relevant variables.

We started by fitting an unconditional null model, followed by a random-intercept model
including all predictors (Model 1), and lastly adding the four interaction terms (Model 2). This
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Table 1. Descriptive statistics for the variables in the study.

Individual level (N = 44 387) M SD Min |Max
Energy curtailment behavior (1 = Never; 6 = Always) 409 128 |1 6
Energy efficiency behavior (0 = Not at all likely; 10 = Extremely likely) 753 243 |0 10
Worry about climate change (1 = Not at all worried; 5 = Extremely worried) 306 [094 |1 5
Personal efficacy (0 = Not at all confident; 10 = Completely confident) 587 [262 |0 10
Personal outcome expectancy (0 = Not at all likely; 10 = Extremely likely) 435 [258 |0 10
Collective efficacy (0 = Not at all likely; 10 = Extremely likely) 405 215 |0 10
Collective outcome expectancy (0 = Not at all likely; 10 = Extremely likely) 551 (234 |0 10
Household income (1 = 1st decile; 10 = 10th decile) 536 276 |1 10
Climate change attribution (1 = Entirely natural processes; 5 = Entirely human activity) | 3.42 | 0.83 |1 5
Climate change impact (0 = Extremely good; 10 = Extremely bad) 680 [219 |0 10
Age 46.97 | 18.85 | 15 100
Gender (Female) 052 050 |0 1
Education 378 |1.82 |1 7

Note. All variables are weighted with a combination of post-stratification weights and population weights. The

variables are presented in their original scales, except that climate change impact has been reversed.

https://doi.org/10.1371/journal.pone.0252105.t001

procedure was conducted separately for energy curtailment and energy efficiency behaviors, as
these were predicted in separate models. All models were estimated with maximum likelihood
and compared with likelihood ratio tests. The margins and marginsplot commands
were used to interpret the interaction effects. Except for gender and beliefs about climate
change consequences, which were both dichotomized, all other variables were treated as con-
tinuous and grand-mean centered in the main models. Standardized versions of the variables
were used in complementary models to allow us to compare the distinct influence each predic-
tor had on the outcomes. Standardization can influence the interpretation of variance [62],
and was therefore avoided in the models presented in the multilevel regression tables. Propor-
tional reduction in variance (PRV), calculated by comparing the explained variance of the
main effects models with and without the worry item, was used as a second indication of the
effect size of worry about climate change. Results from the standardized models and PRV cal-
culations are presented below. Finally, Pseudo R” was used to indicate the variance explained
by all variables combined, following recommendations by Rabe-Hesketh and Skrondal [66].
Pseudo R? was calculated by comparing the total residual variance of the null model to the
residual variance of the fitted models.

Results

Fig 1 shows the country-specific means for energy curtailment behaviors, and Fig 2 the coun-
try-specific means for energy efficiency behaviors, including standard deviations. In total, 68%
of respondents answered that they often, very often, or always do things to reduce their energy
use. Furthermore, about 80% answered above the midpoint of the 11-point scale when asked
how likely they are to buy energy-efficient appliances, with 27% answering at the endpoint
(“extremely likely”). The weighted correlation between the two outcomes is r = .36, which is
usually considered a moderate effect [67].

Intraclass correlation (ICC), calculated as Gzcountry/ (Uzcountry + OZindividual), Was used to
explore the homogeneity within countries regarding energy behaviors [62, 68]. In the uncondi-
tional model, the country level explained about 3%, ICC = 0.03, 95% CI [0.02,0.06], of the vari-
ation in energy curtailment behaviors and 6%, ICC = 0.06, 95% CI [0.03, 0.10], of the variation
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Fig 1. Mean energy curtailment behavior. Note. Means weighted with a combination of post-stratification weights
and population weights. The figure includes +/- 1 SD.
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in energy efficiency behaviors. Even though the variance explained at the country level was
sparse, we decided on multi-level models rather than single-level models to reduce the likeli-
hood of Type I error. This follows the idea that clustering should be accounted for indepen-
dently of ICC levels [69].

Tables 3 and 4 present the unstandardized coefficients of the main effects (Model 1) for cur-
tailment and efficiency behaviors, respectively. Results from standardized versions of the
model show that worry was one of the strongest predictors, f=.19 (p < .001), of energy cur-
tailment behaviors, together with age, f=.18 (p < .001). Also, personal efficacy, 8= .05 (p <
.001); personal outcome expectancy, f = .04 (p < .001); and collective outcome expectancy, =
.05 (p < .001); were each positively associated with self-reported curtailment behaviors. Energy
curtailment was further associated with higher levels of education, 8= .08 (p < .001); lower
household income, 8 = -.06 (p < .001); a self-identified left-leaning political orientation, § =
-.04 (p < .001); and with less belief in anthropogenic causes of climate change, = -.02 (p =
.006). Women reported a higher frequency of curtailment than men, 8= .04 (p < .001).
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Fig 2. Mean energy efficiency behavior. Note. Means weighted with a combination of post-stratification weights and
population weights. The figure includes +/- 1 SD.

https://doi.org/10.1371/journal.pone.0252105.g002
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Table 3. Model results-Energy curtailment behavior.

Null Model Model 1 (Main Model 2
effects) (Interactions)
B (SE) B (SE) B (SE)
Fixed coefficients
Intercept 4.19 (0.04) 4.11 (0.04) 4.01 (0.04)

Worry about climate change

0.21 (0.01)***

0.21 (0.01)***

Personal efficacy (PE)

0.02 (0.00)***

0.02 (0.00)***

Personal outcome expectancy
(POE)

0.01 (0.00)***

0.01 (0.00)***

Collective efficacy (CE)

-0.00 (0.00)

-0.00 (0.00)

Collective outcome expectancy
(COE)

0.02 (0.00)***

0.02 (0.00)***

Worry about climate change x PE -0.00 (0.00)
Worry about climate change x POE 0.01 (0.00)*
Worry about climate change x CE 0.00 (0.00)
Worry about climate change x COE 0.01 (0.00)**
Climate change attribution -0.03 (0.01)** -0.02 (0.01)*
Climate change impact (Bad) 0.02 (0.02) 0.02 (0.02)
Political orientation -0.02 (0.00)*** -0.02 (0.00)***
Age 0.01 (0.00)** 0.01 (0.00)***
Gender (Female) 0.07 (0.01)*** 0.07 (0.01)***
Household income -0.02 (0.00)*** -0.02 (0.00)***
Education 0.05 (0.00)*** 0.04 (0.00)***
Random parameters
Level 2: Country(var) 0.05 (0.01) 0.03 (0.01) 0.03 (0.01)
Level 1: Individual(var) 1.30 (0.01) 1.22 (0.01) 1.21 (0.01)
Log likelihood -45770.793 -44766.145 -44748.805
AIC 91547.59 89562.29 89535.61
Variance explained ICC = 0.03, 95% CI Pseudo R* = 0.07 Pseudo R = 0.07
[0.02,0.06] R =003 RZ=003
R;2=0.06 R,;2=0.06

Note. Total R-squared and separate reduction in variance are calculated following the method used in Rabe-Hesketh

and Skrondal [66]. N = 29 492 individuals, N = 23 countries. All variables are grand-mean centered, except gender
(0 = Male; 1 = Female) and climate change impact (0 = Good; 1 = Bad). Unweighted.

*p<.05
**p <.01
**p < .001.

https://doi.org/10.1371/journal.pone.0252105.t003

Including all covariates led to an improvement in model fit compared to the unconditional
model, 7%(12) = 2009.30, p < .001, and about 7% of the residual variance in energy curtailment
behaviors was explained (Pseudo R” = 0.07). Worry about climate change accounts for about
3% (PRV = 0.03) of this variance.
Regarding purchases of energy-efficient appliances, the strongest association was with age,
B=.37 (p <.001); followed by worry, 8 = .28 (p < .001). Personal efficacy, f = .20 (p < .001);
personal outcome expectancy, = .08 (p < .001); and collective outcome expectancy, = .13
(p < .001), each predicted a higher likelihood of purchasing energy-efficient appliances.
Respondents with higher levels of education also reported a higher likelihood of buying effi-
cient appliances, =15 (p < .001), as did women, = .08 (p < .001), those with higher
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Table 4. Model results-Energy efficiency behavior.

Null Model Model 1 (Main Model 2
effects) (Interactions)
B (SE) B (SE) B (SE)
Fixed coefficients
Intercept 7.83(0.11) 7.64 (0.11) 7.64 (0.11)
Worry about climate change 0.30 (0.02)*** 0.30 (0.02)***

Personal efficacy (PE) 0.08 (0.01)*** 0.08 (0.01)***
Personal outcome expectancy 0.03 (0.01)*** 0.03 (0.01)***
(POE)

Collective efficacy (CE) -0.01 (0.01) -0.01 (0.01)

Collective outcome expectancy
(COE)

0.05 (0.01)"**

0.05 (0.01)***

Worry about climate change x PE -0.01 (0.00)
Worry about climate change x POE -0.00 (0.01)
Worry about climate change x CE -0.01 (0.01)
Worry about climate change x COE 0.01 (0.01)*
Climate change attribution -0.00 (0.02) -0.00 (0.02)
Climate change impact (Bad) 0.06 (0.03)* 0.06 (0.03)*
Political orientation -0.00 (0.01) -0.00 (0.01)

Age

0.02 (0.00)"**

0.02 (0.00)***

Gender (Female)

0.16 (0.02)"**

0.16 (0.02)"**

Household income

0.04 (0.00)"**

0.04 (0.00)***

Education

0.08 (0.01)"**

0.08 (0.01)"**

Random parameters

Level 2: Country 0.27 (0.08) 0.26 (0.08) 0.26 (0.08)
Level 1: Individual 4,52 (0.04) 4.20 (0.03) 4.20 (0.03)
Log likelihood -64053.153 -62969.588 -62965.489
AIC 1281123 125969.2 125969
Variance explained ICC = 0.06, 95% CI Pseudo R? = 0.07 Pseudo R* = 0.07
[0.03,0.10] R2=0.04 R =004
R;2=0.07 R;2=0.07

Note. Total R-squared and separate reduction in variance are calculated following the method used in Rabe-Hesketh

and Skrondal [66]. N = 29 448 individuals, N = 23 countries. All variables are grand-mean centered, except gender
(0 = Male; 1 = Female) and climate change impact (0 = Good; 1 = Bad). Unweighted.

*p<.05
**p <.01
**p < .001.

https://doi.org/10.1371/journal.pone.0252105.t004

household income, 8 = .11 (p < .001), and those believing in negative impacts of climate
change, =.03 (p =.039). According to the PRV calculation, worry about climate change

explained less than 2% of the variance in energy efficiency behaviors (PRV = 0.02). The model
explained approximately 7% of the residual variance (Pseudo R* = 0.07) and was an improve-
ment compared to the unconditional model, ¥*(12) = 2167.13, p < .001.

Four interactions between worry and efficacy beliefs were added in Model 2, which is pre-
sented in Table 3 for curtailment and in Table 4 for efficiency behaviors. For the model includ-
ing energy curtailment behavior as the dependent variable, there were two statistically
significant interactions (see Table 3). The simple slopes for worry were statistically significant
at both low, B =18 (.02), z = 11.53, p < .001, 95% CI [0.15, 0.21], and high, B = .25 (.02),
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Fig 3. Energy curtailment behavior: Worry about climate change x personal outcome expectancy.

https://doi.org/10.1371/journal.pone.0252105.g003

z=13.48, p < .001, 95% CI [0.22, 0.29], levels of personal outcome expectancy; the same pat-
tern was found at low, B = .15 (.02), z=7.74, p < .001, 95% CI [0.11, 0.19], and high, B = .25
(.02), z=15.69, p < .001, 95% CI [0.22, 0.28], levels of collective outcome expectancy. How-
ever, an inspection of the interaction plots shows that worry about climate change had a stron-
ger association with curtailment for those with high levels of personal outcome expectancy
(see Fig 3) as well as those with high levels of collective outcome expectancy (see Fig 4). The
difference between people with high versus low levels of personal outcome expectancy seems
to occur only at high levels of worry, while the difference between high versus low levels of col-
lective outcome expectancy is present at both moderate and high levels of worry. The reported
level of outcome expectancy, whether personal or collective, does not seem to make a differ-
ence among individuals who are not at all worried about climate change. Including the interac-
tions significantly improved the model with curtailment behavior as the criterion, y*(4) =
34.68, p < .001.

For the model with energy efficiency behaviors as the dependent variable, only one interac-
tion was statistically significant (see Table 4). The simple slopes show a positive relationship
between worry and efficiency behavior at both low, B = .22 (.04), z = 6.08, p < .001, 95% CI
[0.15, 0.30], and high, B =.36 (.03), z=11.86, p < .001, 95% CI [0.30, 0.42], levels of collective
outcome efficacy. Still, the plot displayed in Fig 5 indicates that the relationship is stronger for
those who score high on collective outcome expectancy at both moderate and high levels of
worry about climate change. Again, there is no difference between those with high versus low
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Fig 4. Energy curtailment behavior: Worry about climate change x collective outcome expectancy.

https://doi.org/10.1371/journal.pone.0252105.9004
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Fig 5. Energy efficiency behavior: Worry about climate change x collective outcome expectancy.

https://doi.org/10.1371/journal.pone.0252105.g005
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levels of collective outcome expectancy among individuals who are not at all worried about cli-
mate change. Including the interactions did not statistically significantly improve the model
fit, 7%(4) = 8.20, p = .085.

All main coefficients stay highly similar from Model 1 to Model 2; and the variables con-
tinue to explain about 7% of the variance in each of the two types of personal energy-saving
behaviors (Pseudo R? = 0.07). Additionally, the estimated intraclass correlations do not change
substantially from the unconditional model to the final model and indicate that unobserved
characteristics at the country level can explain about 3% of the variance in energy curtailment
behaviors and about 6% of the variance in energy efficiency behaviors.

Discussion

Our results show that worry about climate change was an important predictor of individuals
engaging in both energy curtailment and energy efficiency behaviors, compared to most of the
other variables included in the study. They further show that both curtailment and efficiency
behaviors were more likely to be reported when such behaviors were perceived to be possible
(high personal efficacy) and effective in mitigating climate change when employed alone (per-
sonal outcome expectancy) or as a collective (collective outcome expectancy). This supports
previous findings establishing that different efficacy constructs can be empirically distin-
guished in terms of their contribution to pro-environmental behaviors [e.g., 43, 44, 70]. The
distinct effect size of each of the significant efficacy constructs was highly similar when predict-
ing energy curtailment behaviors. In contrast, the effect sizes of the efficacy constructs differed
with respect to purchasing energy-efficient appliances. Personal efficacy showed the strongest
association, followed by collective outcome expectancy and finally personal outcome expec-
tancy. Notably, personal efficacy had the weakest association with the other efficacy items (see
Table 2). Collective efficacy, operationalized as believing that many people will limit their
energy use to reduce climate change, failed to show any statistically significant associations in
predicting energy saving behaviors. Other measurements of collective efficacy have also shown
non-significant [44] or weak [43] effects in previous studies.

The present research was based on the idea that efficacy beliefs may interact with worry
about climate change in shaping behavioral responses to environmental problems. Contrary to
our expectations, only outcome expectancies showed any significant moderating effects in our
models. Examples of reasons for low scores on the outcome expectancy measurements would
be believing one’s individual energy-saving efforts to be insignificant compared to the non-
action of other individuals (low personal outcome expectancy) or that collective energy-saving
is trivial in the face of emissions from big companies (low collective outcome expectancy). Our
results support the assumption that worrying about climate change is more strongly related to
energy curtailment behavior for those with high levels of personal and collective outcome
expectancy, and that energy efficiency behavior is best predicted by a combination of high
worry and high levels of collective outcome expectancy. A possible reason for finding collective
outcome expectancy to be the most consistent moderator might be the global scale and inher-
ently collective nature of climate change [41, 42]. Our research focuses on the global effects of
energy-saving as seen by the public in European countries, which allows for the possibility that
moderation effects in regards to the remaining efficacy measures can be found in other con-
texts. Previous research supports this view insofar that household energy behaviors can have
somewhat different predictors across countries [25] and cities [10].

High worry appears to be positively associated with energy behaviors at both low and high
levels of outcome expectancy. Though it should be noted that the general measurement of
worry about climate change used in the current study differs from the immediate fear appeals
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used in many experimental studies [e.g., 71], the finding support that high levels of perceived
risk do not seem to have a negative effect (‘backfire’) [51, 57]. High levels of outcome expec-
tancy seem to have the potential to reinforce the effect of high worry, but not make a difference
if people are not at all worried about climate change. The lack of effect of outcome expectancies
at low levels of worry indicates that the motivational aspect of worrying about climate change
is additionally necessary to create intent and desire to engage in personal energy-saving behav-
iors. Without the arousal introduced by feeling worried and the recognition of climate change
as a risk, the notion that individual or collective energy-saving behaviors would help reduce
climate change might not be seen as personally relevant. This is in line with seeing concern as
anecessary pre-condition [60]. Based on our findings, one strategy for climate change commu-
nication might be to continue to inform people about the risks associated with continued
global warming [72], while also focusing on the mitigative potential of individual and collective
actions [73].

Limitations

When investigating complex human behavior, small effect sizes are expected. While acknowl-
edging that small effects can still be highly relevant and important to the field [74], it should be
noted that our models including all individual-level variables and interactions account for
only about 7% of the variance in both energy-saving behaviors. According to this and our
other effect size measures, the relationship between worry about climate change and energy-
saving behaviors is rather weak. This is in line with prior literature pointing to a gap between
an expressed concern about climate change and the individual willingness to act [75, 76].

There may be several reasons why we find relatively weak effects in the current study. First,
our measurement of worry may not have captured the state we were interested in with perfect
validity. One item asking the respondent ‘how worried’ he or she is about climate change
might prime a short-term, passive agreement indicating awareness of the issue rather than the
active, personal emotion we sought to capture. In future research, a better qualitative, method-
ological understanding of people’s responses to this question is necessary. For example,
researchers could use cognitive interviewing to determine how people read and perceive this
and similar items and what they associate with the term ‘being worried’ in a survey context.
Second, the measurement of worry focuses on climate change in general rather than on the
issue of energy consumption in particular. It could be that energy behaviors would be more
strongly related to behavior-specific concerns rather than the more generalized climate change
worry [for supporting evidence, see 11, 77]. Third, threat and coping appraisals do not appear
to be sufficient for motivating individuals to engage in energy saving at the household level.
Instead, the comparatively weak effects point to the importance of considering other factors
not included in this study, such as norms, habits, and structural constraints [77, 78]. Finally,
even when climate change is perceived to be a threat that requires action, energy behaviors
may not be seen as particularly relevant or effective in this regard. If this is the case, one might
expect the interaction effects between worry and outcome expectancy to be stronger. However,
the questions used to measure personal and collective outcome expectancy ask only whether
limiting energy use would help reduce climate change, not how big the impact would be. Peo-
ple might still perceive energy savings to have quite a limited effect compared to other actions.
Increased information about the comparative effectiveness of energy curtailment and energy
efficiency behaviors or about how they contribute to a sustainable lifestyle might be helpful if
the goal is to change people’s perceptions of such behaviors.

The study has some additional limitations regarding the measurements used to capture
energy behaviors. First, whether people who express willingness to engage in personal energy-
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saving behaviors implement these behaviors in their everyday lives cannot be answered based
on the present data. Previous research employing meta-analytic techniques has found only a
moderate correlation between self-reported and objective measures of pro-environmental
behavior, leaving 79% of the variance unexplained [79]. Second, the analyses relied upon sin-
gle-item measures of energy curtailment and energy efficiency behaviors, both of which were
formulated in rather broad terms. For example, the item assessing curtailment included an
array of example behaviors spanning from switching off unused appliances and walking for
shorter journeys to adjusting the heating or air conditioning. This might be problematic since
research has shown that the acceptability of energy-saving behaviors is generally higher for
home-related behaviors compared to transport-related behaviors [80] and that certain sub-
groups (poorer households) are more likely to use less money on transport and space heating
without being more likely to turn off lights, turn down heat or switch appliances to standby on
a daily basis [81]. Consequently, the measurements utilized might be inaccurate because they
cluster types of behaviors that do not necessarily belong together. Future research should
therefore consider whether more differentiated questions are needed.

Conclusion

One key initiative to reach net-zero emissions are changes in energy production and consump-
tion, which has been estimated to account for about 75% of the EU’s overall GHG emissions
[82]. Our results indicate that high levels of personal and collective outcome expectancy
strengthen the relationship between worry and energy curtailment behaviors, while high levels
of collective outcome expectancy strengthen the relationship between worry and energy effi-
ciency behaviors. Notably, believing that energy-saving can help reduce climate change does
not seem to relate to curtailment or efficiency behaviors for those who are not at all worried
about climate change. Based on these findings, campaigns aiming to lower household energy
use could communicate the potential positive mitigation impact of individual and collective
efforts to save energy, while simultaneously placing an emphasis on making people aware of
the risks associated with climate change. If targeting groups that are not likely to worry about
climate change, factors other than climate change mitigation, such as lowering the energy bill,
might be more effective in motivating energy behaviors. However, conclusions should be
made with caution as only a small portion of the variance in energy-saving behaviors was
explained by the models.
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