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SUMMARY
Climate change has been identified as one of the most urgent global risks that poses
significant challenges to the public, societies, economics and ecosystems worldwide.
The majority of climate scientists have agreed that the Earth's climate system is
unequivocally warming and that human activities are likely causing the climate
change. However, the extent to which the public perceives climate change as a serious
risk varies sufficiently. One reason could be that the public awareness about the risks
of climate change is limited: climate change is a complex hazard that involves
physical characteristics, causes and consequences. In addition, the public opinion
about the risks of climate change and possible mitigation decisions can be influenced
by various individual factors such as value orientations and financial status. Lastly,
the public risk perception of climate change can be influenced by context factors such
as cultural backgrounds and political systems. The aim of the present thesis was
therefore to investigate the effects of knowledge and human values on the public risk
perception of climate change across different countries. Further, public mitigation
actions and intentions such as the willingness to change behaviors, the willingness to
support climate-friendly policies or the acceptance of new technologies to mitigate
climate change were examined. Firstly, the general introduction firstly presents the
research background of climate change, emphasizes the importance of public risk
perception of climate change and its predictors. Further, a literature overview is
provided about the effects of knowledge and human values on public perception of
global warming. In addition, past research and theories are presented to explain the
public willingness to mitigate climate change and its predictors. Previous studies are
introduced about two specific mitigation behaviors: policy support for solar radiation
management and reducing food-related climate impact. Lastly, an overview of the
content and methods of current thesis is presented.
Several studies are conducted on the consumers’ risk perception and mitigating
decisions of climate change and their effects. To start with, the influence of
knowledge and cultural worldviews on public risk perception, people’s willingness to
change behaviors and people’s acceptance of climate-friendly policies have been
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investigated and are presented in Chapter 2. A mail survey was conducted in the
German-speaking part of Switzerland (N = 1,065). The results suggested that climaterelated knowledge and cultural worldviews were important for people’s concern about
climate change, their willingness to change behaviors and to accept climate change
policies. In addition, different types of knowledge were found to have different
impacts on people’s concern about climate change, their willingness to change
behaviors, and their acceptance of policies about climate change. Specifically,
knowledge about causes of climate change was significantly related with higher
concern about climate change and willingness to support climate-friendly policies. In
Chapter 3, the effect of objectively measured knowledge about climate change, value
orientations have been further investigated through online surveys in six different
countries: Canada, China, Germany, Switzerland, the UK and the US (N = 2,495).
Cultural worldviews and subjectively measured knowledge were additionally
examined in a Swiss online study (N = 336). The results indicate that knowledge
about climate change contributes to a higher public risk perception of climate change,
even though people had different cultural worldviews and value orientations in the
different investigated countries. Further, people are found to be more concerned about
climate change if they have a better understanding of the causes and consequences of
climate change. Having more knowledge about the physical characteristics of climate
change however seems to dampen the public risk perception about climate change.
People seeing climate change as a larger risk were found to be more willing to change
their behaviors and to support climate-friendly policies to mitigate climate change.
Based on the results of Chapter 2 and Chapter 3, we therefore concluded that risk
communication should focus on the causes of climate change while respecting
personal values.
Chapter 4 investigated the public acceptance of solar radiation management (SRM)
technologies – the technology aims to mitigate climate change by reflecting a portion
of sunlight back into the space – and its predictors across different countries through
an online survey (N = 2,495). The results showed that Chinese participants are more
likely to accept the new technologies than the other investigated European countries
of Germany, Switzerland and the UK, and the North-American countries Canada and
the US. Public concern about climate change, tampering with nature, moral hazards
and human values were found to be important predictors of the public risk perception
II

of SRM. On one hand, policy makers should pay more attention to the public risk
perception of SRM and its interference with nature about SRM in the communication
with the public. Future research should be conducted about the public perception of
SRM in more different countries and about more psychological determinants such as
perceived risks and benefits of SRM.
In Chapter 5, the consumers’ estimations of the climate impacts of meat products,
protein-rich products and vegetable products were investigated in five online
experiments (N = 226). In each experiment, one or two characteristics (production
practice, country of origin, seasonality and transportation mode) of the food products
were varied. We found that the Swiss consumers’ awareness about the food-related
climate impact was limited and that they tended to use simple heuristics to evaluate
the climate impact of food products. Typical factors influencing the public evaluations
are the country of origin, the production practice and the product type. It is therefore
important to provide the public with simple, direct and visible information about the
climate impact of food products. Examples would be a color-labeling system and
relative references about the climate impact of food products. This may help the
transformation from information of food related climate impact to climate-friendly
food choices. With knowing more about the climate impact of food products, the
individuals should be able to make more climate-friendly decisions on a daily basis
without largely change life habit.
The general discussion summarizes the main results of the different studies and
discusses the main findings. It was found that knowledge about the causes and
consequences of climate change are important factors for predicting public concern
about climate change and the acceptance of mitigation decisions. Further, strategies
for efficient risk communication about climate change are proposed. Finally,
suggestions for future studies are presented.
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ZUSAMMENFASSUNG
Der Klimawandel wird aktuell als eine der grössten globalen Herausforderungen
angesehen. Die Auswirkungen des Klimawandels sind vielfältig und betreffen die
Gesellschaft, die Wirtschaft, Ökosysteme und auch Privatpersonen weltweit. Die
Mehrheit der Wissenschaftler ist sich einig, dass die durchschnittliche globale
Temperatur ansteigt und dass dieser Temperaturanstieg höchstwahrscheinlich durch
den Menschen verursacht wird. Die Wahrnehmung des Klimawandels in der
Gesellschaft ist vielfältig und viele Leute sehen den Klimawandel aktuell nicht als
besonders grosses Risiko. Um die Risiken des Klimawandels zu verstehen, wird
Wissen sowohl über die physikalischen Gesetze als auch über die Gründe und
Konsequenzen des Klimawandels benötigt.

Zudem kann die Wahrnehmung des

Klimawandels auch durch persönliche Faktoren beeinflusst werden. Beispiele dafür
sind Grundwerte einer Person oder deren finanzieller Status. Auch Kontext-Faktoren
wie der kulturelle Hintergrund oder das politische Umfeld haben einen Einfluss auf
die Wahrnehmung des Klimawandels. Das Ziel dieser Doktorarbeit ist es zu
untersuchen, wie vorhandenes Wissen und persönliche Werte die individuelle
Risikobewertung des Klimawandels beeinflussen. Um eine breite Datenbasis zu
erlangen, wurden verschiedene Länder berücksichtigt. Weiter wurde untersucht, wie
diese Faktoren die Unterstützung von Gesetzen und Technologien durch die
Bevölkerung beeinflussen, welche das Ziel haben den Klimawandel zu bekämpfen.
Auch wurde untersucht, ob Personen gewillt sind, ihr eigenes Verhalten zu Gunsten
des Klimas anzupassen.
Das Einleitungskapitel gibt eine Übersicht über den Klimawandel und zeigt auf, wie
wichtig die öffentliche Wahrnehmung des Klimawandels zu dessen Bekämpfung ist.
Es wird basierend auf vorhandener Literatur aufgezeigt, welche Einflüsse Wissen und
Werte haben und wie diese Faktoren voraussagen können, wie sehr jemand den
Klimawandel als Risiko betrachtet und ob die Person gewillt ist, etwas dagegen zu
unternehmen. Zwei Beispiele werden diskutiert: „Solar radiation management“ als
globale technische Lösung und der Einfluss der Ernährung auf das Klima auf
persönlicher Ebene. Schlussendlich wird eine Übersicht über die in dieser Arbeit
verwendeten Theorien und Methoden gegeben.

IV

In Kapitel 2 wurde untersucht, welchen Einfluss Wissen und kulturelle Weltbilder
darauf haben, wie eine Person die Risiken des Klimawandels betrachtet und wie sehr
eine Person bereit ist, etwas gegen den Klimawandel zu tun. Die Daten wurden in
einer Briefumfrage im deutschsprachigen Teil der Schweiz erhoben (N=1065). Die
Resultate der Umfrage deuten darauf hin, dass sowohl Wissen über den Klimawandel
als auch das persönliche kulturelle Weltbild einen grossen Einfluss darauf haben, ob
eine Person den Klimawandel als Bedrohung sieht und wie sehr sie gewillt ist, etwas
gegen den Klimawandel zu tun. Verschiedene Typen von Wissen haben
unterschiedliche Einflüsse auf die Risikobewertung: Grosses Wissen über die
Ursachen des Klimawandels korrelierte stark mit einer erhöhten Risikoeinschätzung
und mit grösserer Bereitschaft, etwas gegen den Klimawandel zu unternehmen. Die
Resultate aus Kapitel 2 wurden genutzt, um die Studie in Kapitel 3 auf weitere Länder
auszudehnen. Dafür wurde eine Online-Umfrage in Kanada, China, Deutschland, der
Schweiz, England und in den USA durchgeführt (N = 2,495). Als Kontrollstudie
wurde zudem eine weitere Umfrage in der Schweiz durchgeführt (N = 336). Die
Resultate aus dieser internationalen Studie konnten die Schweizer Studie
reproduzieren, unabhängig davon, in welchem Land die Umfrage durchgeführt wurde.
Damit konnte gezeigt werden, dass Wissen, unabhängig von den kulturellen
Gegebenheiten und Werten, einen Einfluss auf die Risikobetrachtung des
Klimawandels hat. Dabei hatte Wissen über die Gründe und Auswirkungen des
Klimawandels den höchsten positiven Einfluss während physikalisches Grundwissen
sogar einen leicht negativen Einfluss darauf hat, ob Leute bereit sind, etwas gegen den
Klimawandel zu unternehmen. Basierend auf Kapitel 2 und 3 wird empfohlen, bei der
Kommunikation über den Klimawandel besonders die Gründe und Auswirkungen des
Klimawandels hervorzuheben, jedoch ohne gleichzeitig die Grundwerte des
Publikums zu verletzen.
In Kapitel 4 wird die Akzeptanz von „solar radiation management“ (SRM) in der
Bevölkerung untersucht. SRM bezeichnet eine Sammlung von Technologien, welche
den Klimawandel bremsen, indem ein Teil des Sonnenlichts in der Atmosphäre ins
Weltall zurück reflektiert wird (N = 2,495). Die Resultate stammen aus zusätzlichen
Daten der in Kapitel 3 durchgeführten Umfrage. Von den untersuchten Ländern zeigt
die Bevölkerung in China die höchste Bereitschaft, solche technischen Massnahmen
umzusetzen. Die Zustimmung zu SRM hängt dabei von verschiedenen Faktoren ab:
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Gefühltes Risiko des Klimawandels, gefühlter Eingriff in die Natur, moralische
Risiken und persönliche Wertvorstellungen. Bei der Kommunikation über die Risiken
von SRM wird daher empfohlen, besonders auf die Umwelteinflüsse zu fokussieren.
Aufgrund der grossen regionalen Unterschiede bei der Risikoeinschätzung von SRM
sollten in zukünftigen Studien weitere Länder mit einbezogen werden. Zudem könnte
ein zusätzlicher Fokus auf die gefühlten Nutzen und Risiken von SRM gelegt werden.
In Kapitel 5 wurde mittels einer Online-Befragung in der Schweiz untersucht, wie
Konsumenten den Einfluss von verschiedenen Fleischprodukten, proteinreichen
Produkten auf pflanzlicher Basis und Gemüse auf das Klima einschätzen (N = 226).
In jedem Experiment wurden ein oder zwei Eigenschaften des Nahrungsmittels
variiert (beispielsweise die Produktionsmethode oder das Ursprungsland). Schweizer
Konsumenten verfügten über ein beschränktes Wissen über den Einfluss
verschiedener Nahrungsmittel auf den Klimawandel. Die Konsumenten benutzten im
Allgemeinen nur wenige Informationen wie beispielsweise das Herkunftsland oder
die Produktionsmethode für ihre Einschätzung. Es wird daher empfohlen, die
Konsumenten mit einfachen und direkt sichtbaren Informationen über die
Auswirkungen eines Nahrungsmittels auf das Klima zu informieren. Als Beispiel
könnten ein Ampel-System oder direkte Vergleiche mit anderen Nahrungsmitteln zum
Einsatz kommen. Solche Informationen sollten den Konsumenten dabei helfen, ihre
Ernährung klimafreundlicher zu gestalten und gleichzeitig ihre Essgewohnheiten
beibehalten zu können.
Im letzten Kapitel werden die Resultate der einzelnen Studien miteinander verglichen
und Empfehlungen abgegeben, wie die Risiken des Klimawandels besser
kommuniziert werden können. Das Ziel dabei sollte sein, den Leuten das relevante
Wissen zur Verfügung zu stellen, damit sie klimafreundliche Entscheidungen treffen
können. Schlussendlich werden mögliche Fragestellungen diskutiert, welche in
zukünftigen Studien betrachtet werden könnten.
Das letzte Kapitel gibt eine Übersicht über die verschiedenen Studien und vergleicht
die Resultate miteinander. Es wird gezeigt, dass Wissen über die Gründe und
Konsequenzen des Klimawandels dafür gebraucht werden kann um abzuschätzen, als
ein wie grosses Risiko eine Person den Klimawandel betrachtet. Eine erhöhte
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Risikowahrnehmung erhöht im Gegenzug die Bereitschaft dafür, Massnahmen zu
unterstützen, welche den Klimawandel abbremsen sollen. Basierend darauf werden
Strategien für eine effiziente Kommunikation der Risiken des Klimawandels für die
Bevölkerung vorgeschlagen. Am Ende des Kapitels werden mögliche Fragestellungen
für zukünftige Studien präsentiert.
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1! General Introduction

1

1.1! Research Background
Global warming of the climate system is probably the most pressing challenge of this
century. According to the report issued by the Intergovernmental Panel on Climate
Change (IPCC) in 2014 (IPCC, 2014) , the damage caused by global warming is
likely to be irreversible and catastrophic if no global action is quickly taken to
stabilize the rise in temperature of the earth’s surface. IPCC also gives strong
evidence that the global average of the combined land and ocean surface temperature
has increased by 0.85˚C over the period from 1880 to 2012 (Figure 1.1). In addition,
IPCC indicates that the anthropogenic greenhouse gas emissions (GHG) are likely to
be the dominant cause of this observed global warming. The greenhouse gas (GHG)
emissions increased significantly since the pre-industrial era resulting in a large
increase of the atmospheric concentrations of carbon dioxide (CO2), methane (CH4)
and nitrous oxide (N2O) (Figure 1.2). The broad scientific community claims that
global warming has been caused by human activities with a probability larger than
97%. This is because humans are typically involved in the use of energy, production
and consumption of various products which cause greenhouse gases emissions.
Further, with a globally growing population and rising income levels, the demand for
food, energy, and consumer products has largely increased worldwide over the last
decades. It is therefore crucial to diminish the amount of anthropogenic carbon
emissions worldwide. The general consensus is to keep the temperature increase
below 2˚C. This is to avoid a critical state, after which food security, ecosystems, and
sustainable development could be threatened (Lazarus & Kartha, 2009).

Figure 1.1. Globally averaged combined land and ocean surface temperature anomaly
(Source: IPCC, 2014)

2

Figure 1.2. Globally averaged greenhouse gas concentrations (Source: IPCC, 2014)

1.2! Public risk perception of climate change
The role of public perception has been widely acknowledged as being crucial in the
ongoing fight against global warming. This is not only because it has the potential to
hugely reduce behavior-based GHG, but also because it is the precondition for
implementing any policy that addresses climate change. For example, public
perception of climate change affects the decision-making process of consumers for
climate-friendly food products, but also influences the decisions of public
policymakers because they depend on the approval of citizens and voters.
Previous studies have demonstrated a wide general awareness of climate change
among the general public. High levels of concern about climate change have been
found in the UK, Australia, Switzerland and across many European countries
(Leiserowitz, 2005; Leiserowitz et al., 2011; Lorenzoni & Pidgeon, 2006; Reser et al.,
2012; Tobler et al., 2012b). However, the risk perception of climate change has been
found to be unstable and fluctuate over years in the United States, the United
Kingdom and China (Brulle et al., 2012; Leiserowitz et al., 2011; PewResearchCenter,
2015). Some scholars attributed the decrease of public concern about climate change
to the economic downturn (Poortinga et al., 2011; Scruggs & Benegal, 2012), weather
and seasonal events (Capstick & Pidgeon, 2013; Joireman et al., 2010; Klima et al.,
2012; Spence et al., 2011; Weber, 2010). Others indicated that a lack of a directly
experienced link with the causes and the consequences of climate change may also
lead to less concern about climate change. For instance, people tended to regard
3

individual risks of climate change as lower than societal risks. They are also more
likely to take greater risks with regards to decisions that are further away in time.
(Lorenzoni & Pidgeon, 2006; Spence et al., 2011; Wood et al., 2012).
Further, in spite of the scientific consensus about human-caused global warming, the
public still expresses substantial doubts regarding the already occurring effects of
climate change, its anthropogenic causes and the level of scientific agreement
supporting anthropogenic caused climate change. For instance, 35% of the Swiss
respondents were found to believe that the greenhouse effect is caused by a hole in the
Earth’s atmosphere (Diekmann et al., 2008). More than sixty percent of the
conservatives and the Republicans in the US tended to believe that global warming is
not yet happening. Only approximately 32% of the conservatives and the Republicans
agreed that the increased temperature over the last century was more due to human
activities than due to natural changes in the environment (Dunlap & McCright, 2008;
McCright & Dunlap, 2011). In addition, less than forty percent of the American
respondents believed that most scientists agree with one another about whether or not
global warming is happening (Nisbet & Myers, 2007).
Understanding and explaining the public risk perception of climate change is far from
being simple and straightforward for two reasons. On one hand, environmental
concern is believed to be driven by contextual factors such as a country’s
environmental condition, its national economic and political context (Marquart-Pyatt,
2012). A high level of national prosperity has been found to be positively related to a
high level of environmental awareness (Franzen & Meyer, 2010; Kemmelmeier et al.,
2002; Kidd et al., 1997). On the other hand, individual differences have been shown
to predict the public risk perception of climate change (Kahan et al., 2012; Tobler et
al., 2012b; Weber & Stern, 2011). To start with, demographic factors such as age,
gender, educational level and place of residence have been found to influence the
public risk perception of climate change. In general, young, well educated women are
generally more concerned about climate change than the others (Dietz et al., 2005;
Dunlap et al., 2002; Jones & Dunlap, 1992; Kahan et al., 2012; Klineberg et al., 1998;
Tobler et al., 2012b). However, demographic factors were almost impossible to
change and they were found to have relatively weaker relationship with the public risk
perception than psychological factors (Sjöberg, 2000). In addition, the effects of
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psychological aspects were therefore investigated in the public risk perception of
climate change, such as human values and knowledge. Among different psychological
factors, knowledge has been suggested to reflect the public risk perception of climate
change that can be more readily influenced in risk communication and education.
However, there is no consensus yet about whether knowledge about climate change
can largely explain the public risk perception of climate change. It has been reported
in some previous studies that knowledge does not influence the public risk perception
as human values play a superior role in public concern about climate change (Kahan
et al., 2012; Stevenson et al., 2014). Other researchers indicated that the reasons that
knowledge does not have an impact on public concerns about climate change are that
the investigated knowledge is unrelated to climate change and is self-assessed and
therefore likely to be of poor accuracy (Guy et al., 2014; Reser et al., 2012). Further,
it was unclear to which extent the public risk perception is related to the public’s
willingness to change its behaviors and to accept new technologies and policies in
climate change mitigation. Lastly, there is a growing recognition of the need to
investigate the public perception of climate change across countries and continents,
since climate change is widely regarded to be a global issue (Schultz & Zelezny,
1999).

1.3! The role of knowledge
As a cognitive perspective of risk perception and as an important prerequisite to
facilitate behavior change (Sundblad et al., 2009), knowledge and its effects are
intuitively assumed to predict public concerns about climate change (Arvai et al.,
2012; Walsh & Tsurusaki, 2014). However, the extent to which knowledge about
climate change can explain and predict the public perception of this risk was never
clear in previous studies (Bord et al., 2000; Helgeson et al., 2012; Kellstedt et al.,
2008; Menny et al., 2011; Milfont, 2012; Stevenson et al., 2014). Recent research
suggested that knowledge has a limited effect on shaping concern about climate
change and some studies even observe a negative relationship between knowledge
and public risk perception (see Figure 1.5) (Kahan et al., 2012; Kellstedt et al., 2008;
Malka et al., 2009; Menny et al., 2011).
Knowledge has been measured in most previous studies using self-assessment with a
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single-dimensional scale or by assessing knowledge that is irrelevant to climate
change. The problem with measuring knowledge about climate change in a single
scale is that climate change is a highly complex phenomenon with multi-dimensional
risks. The single knowledge scale may fail to sufficiently reflect the different
perspectives of the underlying knowledge of climate change (Kaiser & Fuhrer, 2003;
Tobler et al., 2012b). In addition, self-assessed knowledge usually possesses low
validity because people may underestimate or overestimate their level of knowledge
of climate change (Reser et al., 2012; Sundblad et al., 2009). Lastly, general scientific
knowledge may not predict specific risk perceptions of climate change. As a result, it
is difficult to study the effects of different types of knowledge on public concern
about climate change (Bord et al., 2000; Corner, 2012; Stevenson et al., 2014).
When assessing the role played by scientific knowledge on ecological behavior, the
effects of different forms of knowledge, such as declarative knowledge, procedural
knowledge and effectiveness knowledge, have been suggested to be particularly
relevant (Kaiser & Fuhrer, 2003) (Figure 1.3). Declarative knowledge is supposed to
reduce the uncertainty surrounding environmental issues such that people are more
eager to take action; procedural knowledge addresses the issue of how to act
ecologically; and effectiveness knowledge focuses on the ecological consequences of
different actions. The effects of knowledge on ecological behaviors might be
mediated by attitude and intention and might be reduced by social, political, socialcultural and physical barriers. Knowledge, however, still remains an important
predictor of ecological behavior (Kaiser & Fuhrer, 2003).
In the current thesis, a slightly different knowledge typology has been applied: it
focuses on investigating knowledge about the physical characteristics, causes and
consequences of climate change to predict the public risk perception of climate
change. Physical knowledge assesses fundamental knowledge about the physics
underlying climate change. Knowledge about the causes of climate change represents
the reasons why climate change is happening, and knowledge about the consequences
of climate change included items about the different natural hazards and
environmental effects of climate change (Tobler et al., 2012b). Action-related
knowledge has been included to predict climate change mitigation behaviors, but it
was not included to assess the risk perception of climate change. The reason for this is
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that it is not expected, that action-related knowledge leads to higher concerns about
climate change. These four types of knowledge can be linked to the knowledge
typology developed by Kaiser and Fuhrer (Figure 1.3) (Kaiser & Fuhrer, 2003). The
declarative environmental knowledge includes reasons and physical facts about
climate change, and is therefore similar to our knowledge about the physical
characteristics and about the reasons why climate change occurs. Procedural
knowledge can be interpreted as knowledge about actions and behaviors to mitigate
climate change. Effectiveness knowledge can be regarded as information about the
consequences of climate change. Lastly, social knowledge referred to other people’s
motives and intentions, which has not been included in our current study.

Figure 1.3. Knowledge’s behavior-distal influence mediated by more behavior proximal
factors to affect ecological behavior (Source: Kaiser and Fuhrer 2003)

Further, the quality of the employed knowledge scales in the current thesis was tested
using Mokken scale analyses. It is regarded as a successor and nonparametric
probabilistic version of the Guttman scale (Guttmann, 1950). Mokken scale analysis
is a method combining a measurement model and a procedure that is commonly used
to assess people’s abilities or attitudes (knowledge about climate change in the current
thesis) (Van Schuur, 2003). This method assumes double monotonicity: The expected
order of respondents should be monotonically non-decreasing for each item. That is,
the items that are responded to correctly by persons with little knowledge should also
be answered correctly by persons with more knowledge. Secondly, the items should
be monotonically ordered for each person. That means that people who are able to
correctly answer the difficult questions should also respond correctly to the less
difficult and easier items (Mokkan & Lewis, 1982). It has been suggested that this
method has a few advantages over other measurement models such as the Classical
Test Theory (CTT) (e.g., factor and reliability analysis) and the parametric Item
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Response Theory (IRT) (e.g., Rasch model). For instance, it includes an item
parameter that shows how items differ in their distribution. It has higher standards of
reliability and homogeneity than a standard reliability analysis and it can be used in
situations in which latent variables must be operationalized with only a small number
of indicators (Van Schuur, 2003). In a Mokken scale analysis, scalability is measured
using the Loevinger's coefficient H for the entire scale and Hi for each item i. The
Loevinger scalability coefficient H indicates the extent to which respondents can be
accurately ordered by the suggested set of items, while scalability coefficient Hi
indicates the degree to which each item could be accurately ordered by the
participants. Hi and H will take values between 0 and 1, and the larger the H and Hi
values are, the higher the confidence in this ordering is. A scale with a set of items
with H values between 0.3 and 0.4 is considered an acceptable scale. H = 0.4–0.5
indicates medium scalability, and H = 0.5–1 suggests a strong scale. Concerning the
individual items, the scalability coefficients Hi for each individual item should be Hi ≥
0.3 (Molenaar et al., 2000).

1.4! The role of human values
Another prominent driver of public risk perceptions regarding climate change are
human value. Values and worldviews have been proposed to explain people’s risk
perception. Examples are the cultural theory (Douglas & Wildavsky, 1982) and the
cultural cognition theory (Kahan et al., 2010), the theory of values (Schwartz, 1992)
and the values-beliefs-norms theory (Stern, 2000). Value orientations are akin to the
guiding principles in people’s lives (Schwartz, 1992). Among all the value inventories
proposed by Schwartz, three broad value orientations are considered to be relevant to
predict the risk perception in the environmental domain: egoistic values (maximizing
individual outcomes), socio-altruistic values (caring about others and human beings as
a whole), and biospheric values (caring for nature and biosphere) (De Groot & Steg,
2008; Van der Linden, 2015). On the other hand, cultural worldviews, as described in
cultural theory and cultural cognition theory (Kahan et al., 2010; Kahan et al., 2011),
reflect people’s orientations towards different societal arrangements, which include
four broad competing cultural types: egalitarianism, individualism, hierarchism and
communitarianism. They result from the combination of two dimensions, “group” and
“grid” (see Figure 1.4) and they are grouped into egalitarian-communitarian and
hierarchical-individualist in the cultural cognition theory (Kahan et al., 2012). These
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two value measures have been applied alternatively to explain humans’ concern about
a wide range of environmental issues (Corner et al., 2014; Steg et al., 2012).

Figure 1.4. Douglas’s culture theory (Source: Douglas and Wildavsky, 1982)

As mentioned in section 1.3, some emerging research has led to a counterintuitive
view of the role played by knowledge in explaining public concern about climate
change (Bedford, 2015; Kahan et al., 2012). In that research, having more general
knowledge was correlated with a lower perceived risks of climate change. Moreover,
these studies suggested that the perceived risks of climate change are influenced
primarily by cultural worldviews (see Figure 1.4). It is assumed that worldviews are
usually formed in people prior to the acquisition of factual beliefs. Therefore, instead
of accepting all the available information about climate change, people tend to believe
in knowledge selectively, depending on their cultural worldviews. To be more
specific, independent of their knowledge level, people with hierarchical and
individualistic worldviews—i.e., those who identify with a strong belief in the
importance of authority and self-reliance—are observed to demonstrate lower levels
of concern about climate change when compared with individuals who identify more
strongly with egalitarian and communitarian values (see Figure 1.5) (Kahan et al.,
2011).
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Further, cultural worldviews have been criticized for having low explanatory power
and not being an innate psychological tendency that can be inferred from individuallevel data in the previous studies (Rippl, 2002; Van der Linden, 2015). Values have
been suggested to precede worldviews and to be fundamental guiding principles that
are more stable and more specific than worldviews (Stern, 2000; Van der Linden,
2015).

Figure 1.5. Interaction between science literacy and numeracy, and cultural worldviews on
the public perceived risk of climate change 1 (Source: Kahan et al., 2012) Reprinted with
permission.

In the current thesis, value orientations instead of cultural worldviews are chosen in
the cross-country survey because the former tend to be valid in different countries.
Moreover, the cultural worldviews are strongly linked to the US political system
(Stevenson et al., 2014) and the items would need to be adapted to each country
studied. It would not have been possible to compare the effects of different worldview
scales in the public risk perception of climate change between countries. In the Swiss
study, the effects of cultural worldviews on public concern about climate change,
people’s willingness to change behaviors and accept climate-friendly policies to
1

Hierarchical individualist and egalitarian communitarian reflect values set, respectively, at +1 s.d. and
-1 s.d. on both the Hierarchy and Individualism cultural worldview scale predictors. Low and high
reflect values set at +1 and -1 s.d. on the Science literacy/numeracy scale. Response on the 0-10 risk
scale (M = 5.7, s.d. = 3.4) were converted to z-scores to promote ease of interpretation. Confidence
intervals reflect the 0.95 level of confidence.

10

mitigate climate change have been examined and compared with the effects of
knowledge.

1.5! Public willingness to mitigate climate change
Understanding the public willingness to mitigate climate change and its predictors
could be particularly useful for motivating people to act in climate-friendly ways and
to persuade them to accept climate-friendly policy measures. As described in the
theory of planned behavior (TPB) (Ajzen, 1991), intention is a central factor to
predict a given behavior. In other words, the public willingness to mitigate climate
change is assumed to capture the motivational factors that are crucial to perform
climate-friendly behaviors (see Figure 1.6). It has also been proven in previous
studies that intention to act was the strongest determinant of pro-environmental
behavior (Bamberg & Möser, 2007; Hines et al., 1987).

Figure 1.6. The theory of planned behavior (TPB) (Source: Ajzen, 1991; 2011)

In line with the TPB, environmental attitudes such as one’s evaluating of climate
change have been found to be related with climate-friendly behaviors (Gadenne et al.,
2011; Von Borgstede et al., 2013). To be more precise, respondents who were more
concerned about global warming were more likely to support renewable energy
technologies and were more likely to be engaged in energy-efficient behaviors (Von
Borgstede et al., 2013). Additionally, subjective norms are important determinants of
willingness to accept climate change policy measures (Nilsson et al., 2004). Lastly, it
has been reported that a large number of people who consider themselves able to
influence the risks of climate change are also willing to take actions to mitigate
climate change (e.g. recycling, reducing private transport and using less energy), and
to accept policy measures (e.g. supporting an energy tax to fund a new government
program to replace power plants that burn coal) (Lorenzoni & Pidgeon, 2006;
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O'Connor et al., 2002). The current thesis focuses on investigating the relationship
between behavioral attitude (public concern about climate change) and intention
(willingness to mitigate climate change). This is because attitudes have been
described by social psychologists as evaluative judgments about an event such as
climate change. They have been found to potentially shift in a particular direction
through scientific discourse (Alexander et al., 2002; Murphy, 2001; Sinatra et al.,
2012).
The value-belief-norm (VBN) theory proposes a conjunction of values, beliefs and
personal norms to explain the support for environmental movements: Individuals,
who accept the basic values of environmental movements, believe that valued objects
are threatened. They therefore believe that their actions can help to restore those
values and experience an obligation for pro-movement action that creates a
predisposition to provide support. Further, different types of environmentally
significant behaviors have been suggested to be distinguished as environmental
activism, environmental citizenship, consumer behavior (private-sphere behaviors)
and policy support (see Figure 1.7) (Stern, 2000; Stern et al., 1999). The public
willingness to change individual behaviors and to support climate-friendly policy
measures was therefore studied in the current thesis. The effects of human values on
people’s willingness to behave climate-friendly have also been investigated in this
thesis.

Figure 1.7. Value-Belief-Norm theory (VBN) (Source: Stern, 2000; Stern et al., 1999)

Moreover, people’s willingness to change their behaviors and to accept policy
measures to mitigate climate change have been found to be predictable by other
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variables. To start with, perceived climate benefits, perceived costs for mitigating
climate change and the risk perception about climate change have been found to be
strong predictors of people’s willingness to take steps that address climate change
(O'Connor et al., 1999; Tobler et al., 2012a). It was further suggested that concepts,
such as cognition about environmental problems and problem awareness, may directly
or indirectly influence a person’s willingness to change their behaviors to mitigate
climate change (Montada et al., 2007) (Bamberg & Möser, 2007; Scherbaum et al.,
2008). In addition, some scholars found that emotions can predict the global warming
policy support better than cultural worldviews, affects, image associations or social
demographic variables (Böhm & Pfister, 2000; Roeser, 2012; Smith & Leiserowitz,
2014). However, uncertainty and skepticism seem to represent important barriers to
address climate change. For instance, people feeling skeptical or cynical about the
reality of climate change were less willing to support climate-friendly policies
(Lorenzoni et al., 2007). Fatalism was found to be another barrier for the climate
mitigation engagement as people may feel powerless to handle the problem
individually. Lastly, the financial status can be a barrier to change behaviors in
response to climate change. Lower income groups tend to report that not having
enough money and time hinders them to act against climate change (Semenza, Hall, et
al., 2008).
Concerning the climate change mitigation behaviors, some researchers indicated that
consumers often limit their change in behaviors to turning off the lights, changing the
light bulbs and recycling. Far fewer participants have translated these easy and closeto-home changes into broader

mitigation decisions or more difficult behavioral

changes (AccountAbility, 2007). In the current thesis, the public willingness to
support climate-friendly policies, to accept new technologies and to change relatively
difficult behaviors, such as food-related greenhouse gas (GHG) reduction, have
additionally been investigated. From the collective aspect, it is important for the
policymakers to be aware of whether the public would like to support climate-friendly
policies and which factors may predict their acceptance. Examples are the support of
renewable energy, the use of public transportation and paying taxes for CO2
emissions. After all, mitigating climate change is a global action which needs
collaboration among different countries with various cultural and political
backgrounds. The public attitude towards the introduction of new technologies to
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mitigate climate change, such as solar radiation management, especially need to be
investigated across countries as the results might be unequal in different countries.
For the individuals who are willing to change their behaviors to mitigate climate
change, one option is to decrease ones personal carbon footprint by reducing meat
consumption (i.e. looking for nonmeat substitution products as protein sources).
Examples of products which would enable a change towards sustainable eating are
dairy products, vegetarian protein products and products based on insects protein
(Hartmann et al., 2015; Jungbluth, Büsser, et al., 2012). Even though the experts have
suggested many ways of reducing our individual carbon footprint, few studies have
investigated how consumers perceive the climate impact of the different food
products and what criteria influence their perceptions of the climate impact of food
products.

1.6! Public perception of climate engineering
In order to avoid the possibility that a timely and substantial reduction of greenhouse
gas emissions may still fail to limit global warming to 2 °C, new technological
options to reduce global warming, known as climate engineering or geo-engineering,
have increasingly appeared in the mass media, political discussion and scientific
debate. Solar radiation management (SRM) is one approach of geo-engineering. It
aims to reduce the global temperature of the earth by reflecting a portion of the
ultraviolet radiation (sunlight) back into space (The Royal Society, 2009). The
injection of sulfate aerosols into the stratosphere has been regarded as the most
controversial method of SRM due to the uncertainties and the side effects associated
with this technology, the global consequences of its use and the wide range of legal,
political, ethical, economic and social issues that need to be addressed (Brovkin et al.,
2009; Merk et al., 2015; The Royal Society, 2009; Vaughan & Lenton, 2011).
Therefore, the sulfate aerosol injection (SAI) technology was used in the current
thesis to investigate the public attitudes about SRM and its predictors of acceptance.
Public acceptance of new technologies plays an important role in the implementation
of new technologies as it can potentially affect the political decisions. However, the
introduction of new technologies is usually accompanied with public skepticism and
opposition. Previous studies indicated that public concern about the injection of
sulfate aerosols into the stratosphere is significant and has resulted in protests against
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related research projects about it (Schäfer et al., 2015). In addition, the public
perceptions of aerosol injection have been found to vary in previous studies. The
public indicated higher levels of acceptance for aerosol injection in the case of climate
emergencies (Sugiyama & Fujiwara, 2012). British participants expressed negative
views of aerosol injection in general whereas the UK research project SPICE
(Stratospheric Particle Injection for Climate Engineering) was more favorable towards
them (Corner et al., 2013). Research on aerosol injection has been found to be more
acceptable than actual deployment to the public (Mercer et al., 2011).
Relevant predictors have been investigated to explain the public perception of climate
engineering. To start with, risk and benefit perceptions have been regarded as two
important factors for technology acceptance (Gupta et al., 2012). They have been
found to be crucial in the cases of carbon capture and storage (CCS), nuclear power,
and stratospheric aerosol injection (Mercer et al., 2011; Midden & Huijts, 2009;
Wallquist et al., 2012). In addition, the feelings of tampering with nature, the notions
of moral hazards and human values have been found to influence the public’s
perception of the use of SRM to mitigate climate change (Mercer et al., 2011; Merk et
al., 2015). To be more specific, respondents tended to dismiss SRM when the
technology was perceived to interfere with natural processes (tampering with nature)
(Mercer et al., 2011; Merk et al., 2015). People who believe that SRM would reduce
people’s motivation to adopt mitigation strategies to climate change (moral hazards)
tend to be more supportive for SRM (Corner & Pidgeon, 2014). People with higher
scores on the individual value scales (individualism) have been suggested to more
likely to accept geo-engineering. On the other hand, people who strongly believe in
egalitarianism and equality are likely to be against climate engineering to mitigate
climate change (Bellamy & Hulme, 2011). Lastly, trust in authorities and affect (the
experience of feelings or emotion) have been found to be consistent predictors of the
public acceptance of new technologies, especially for people who do not possess
enough knowledge to make a good risk estimate (Siegrist et al., 2000; Sjöberg, 2001).
They may typically make their assessments based on those of stakeholders they trust,
or they rely on affect rather than cognition to evaluate the risks and benefits of a
technology. The current thesis focuses on public’s perception of stratospheric aerosol
injection and the predictors of tampering with nature, moral hazard and human values
in influencing the public risk perception of this type of climate engineering to mitigate
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climate change.

1.7! Public perception of the climate impact of food products
Food production and consumption is one of the main contributors to global
greenhouses gas emissions (Gerber et al., 2013; Steinfeld et al., 2006). Food
production was found to account for up to 31% of the total greenhouse gas emissions
in some studies (Tukker & Jansen, 2006). In Switzerland, nutrition was indicated to
account for 28% of the environmental impacts due to consumptions (Jungbluth, Itten,
et al., 2012). Especially, with the growing population and rising income levels, the
demand for food products has been increasing rapidly worldwide (Kearney, 2010;
Satterthwaite et al., 2010; Tilman et al., 2011). In developed countries, the food
consumption was usually suggested to contribute 15-28% to the total greenhouse gas
emissions at the national level (Garnett, 2011), which has exceeded the level of
sustainability (Carlsson-Kanyama, 1998).
In Switzerland, the reduction of the consumption of meat and animal products has
been suggested by experts to be of greatest benefit to the environment in the area of
food consumption, followed by the reduction of luxury foods, such as alcohol and
coffee. It is further suggested that purchasing organic, local and seasonal food, and
reducing the food waste all contribute significantly to reducing a person’s carbon
footprint (Jungbluth, Büsser, et al., 2012; Jungbluth, Itten, et al., 2012).
In order to reduce consumers’ food-related carbon footprint, it is therefore important
to first understand their perception of how their food choices impact the climate
(Jungbluth, Büsser, et al., 2012; Tobler et al., 2011a). However, consumers were
found to have limited knowledge of the environmental impacts caused by their
activities. They tend to believe that the most environmentally beneficial behaviors are
avoiding food packaging and plastic carrying bags, as well as reducing food waste
(Hartikainen et al., 2014; Head et al., 2014). However, the environmental impacts of
consuming less meat products, avoiding long distance transportation and consuming
organic products are taken into account far less by consumers (Lea & Worsley, 2008;
Tobler et al., 2011a, 2011b). These beliefs about the environmental impacts of food
products are in contrast to the experts’ opinions (Hartikainen et al., 2014; Jungbluth,
Itten, et al., 2012; Lea & Worsley, 2008; Truelove & Parks, 2012).
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The public perception of the climate impact of food products has barely been
investigated, let alone by systematically varying the relevant environmental impact
criteria of products. The corresponding chapter in the current thesis therefore
investigated consumers’ climate-impact estimations of various food products and
identified which criteria can influence their estimations. Consumers’ climate-impact
estimations of three types of foods were investigated: meat, alternative protein-rich
foods (e.g., cheese), and vegetables. Production practice, country of origin,
transportation mode and seasonality were varied in five experiments.

1.8! Overview of the thesis
1.8.1! Overview of the content and research questions
The present thesis examines different aspects of the public perception of climate
change and the corresponding mitigation options. The following summary gives an
overview over the different chapters:
Chapter 2: Public perception of climate change: The importance of knowledge
and cultural worldviews
The Swiss population has been found to have a limited amount of knowledge and to
have some misconceptions about climate change. Chapter 2 investigates the
participants’ level of knowledge about climate change in a Swiss sample when the
knowledge is objectively measured, multi-dimensional and domain-specific. It further
examines whether the public attitude towards climate change can be predicted by
different types of knowledge about climate change, after controlling for the human
values. In addition, the important factors for predicting the public’s willingness to
change its behaviors and to accept climate-friendly policies to mitigate climate change
have been investigated.
Different types of knowledge about climate change include its physical
characteristics, its causes, its consequences and action-related knowledge about
climate change. Each type of knowledge is investigated through a knowledge scale
having items with different degrees of difficulty. The quality of the knowledge scales
was examined using Mokken scale analysis (see section 1.3). Human values include
two dimensions of cultural worldviews, namely hierarchy and individualism (see
17

section 1.4). Additionally, four different types of knowledge are investigated to
predict the public attitudes towards climate change.
The research questions in Chapter 2 are therefore: is knowledge relevant to evaluate
the risks of climate change if it is measured in a multi-dimensioned way? Will
knowledge be related to concern about climate change and to willingness to change
behaviors? If cultural worldviews are controlled before introducing knowledge, are
there any influences of knowledge on public concern about climate change? Do
different types of knowledge about climate change have different impacts on the
public risk perception of climate change? Can the relationship between cultural
worldviews and public concern as well as public willingness to change behaviors be
generalized to countries other than the US (e.g., The study from Kahan and
colleagues).
Chapter 3: Knowledge as a driver of public perceptions about climate change
reassessed
Chapter 3 further confirms the importance of objectively and multi-dimensionally
measured knowledge about climate change in different countries with diverse cultural
backgrounds and political systems (democracy in Canada, Germany, Switzerland, the
US; democracy and monarchy in the UK and socialist republic in China). The
different effects of climate-related knowledge on the risk perception of climate
change were further investigated. The differences and similarities between the various
investigated countries concerning the public risk perception associated with climate
change have additionally been studied.
In this chapter, only three types of knowledge about climate change are included,
namely physical characteristics of climate change, causes of climate change and
consequences of climate change. The quality of the three knowledge scales has been
validated through the Mokken scale analyses (The analysis aims to test the quality of
the knowledge scales, see section 1.3) and each knowledge scale contains items with
different difficulties. Human values in this chapter include three value orientations –
egoistic values, altruistic values, and biospheric values – to keep the item consistent
across the different countries analyzed. These three value orientations and three
different types of knowledge were used to predict the public risk perception of climate
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change. The influence of subjectively-measured knowledge and of cultural
worldviews are additionally investigated in a second study, in Switzerland only.
The research questions in Chapter 3 are therefore the following: is knowledge
positively related with the public risk perceptions of global warming among people
with different value orientations across the countries surveyed, if it is measured in an
objective, domain-specific and multi-dimensional way? What are the relationships
between public concerns about climate change and the three different types of
knowledge studied (physical characteristics, causes and consequences of climate
change). Do subjectively measured knowledge and cultural worldviews have a
significant influence on the public risk perception of climate change compared with
objectively-measured knowledge about climate change and cultural orientations?
Chapter 4: Beliefs and values explain international differences in the perception
of solar radiation management: Implications for deployment decisions
This chapter of the thesis focuses on the public perception of solar radiation
management (SRM) to mitigate climate change and on the predictors of acceptance of
SRM. Variables from the same data set as in Chapter 3 have been used in Chapter 4
(the online survey was conducted in Canada, China, Germany, Switzerland, the
United Kingdom, and the United States). The influences of tampering with nature,
moral hazards and human values in the perception of SRM have been included too.
The research questions in Chapter 4 are: is the perception of SRM different between
people from different countries? The extent to which people’s acceptance of SRM in
the six countries analyzed can be predicted by: human values; the belief that SRM
tampers with natural processes; the notion of moral hazards; perceived risks
associated with SRM; concern about climate change.
Chapter 5: Consumers’ climate-impact estimations of different food products
The following chapter investigates the perceived climate impact of meat products,
non-meat protein-rich products and vegetable products for the consumer. The
influence of different characteristics of the food products on people’s estimation of
climate impact has further been examined. Few studies have investigated the public
assessment of the climate impact of food products by systematically varying the
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environmental impact criteria of food products. This chapter additionally investigated
whether and how the characteristics—such as production practice, country of origin,
transportation mode and seasonality—were used by consumers to perform their
estimations.
The study includes five online experiments to better understand how laypersons
assess the climate impact of various foods. One or two characteristics of the food
products are systematically varied to investigate how these characteristics affected
people’s climate-impact estimations. The research questions are described as
following: Firstly, how does the type of meat and its production method influence
consumers’ evaluation of the associated climate impact? In between subjects and
within subjects designed experiments, do consumers evaluate the climate impact of
meat products differently? Secondly, to what extent the country of origin influence the
perceived climate impact of meat products, nonmeat protein-rich products, and
vegetable products? Lastly, how do seasonality and transportation mode influence the
perceived climate impact.
Chapter 6: General discussion
In the last chapter of this thesis, the main findings of the four studies are summarized
and discussed. This chapter also addresses possible limitations of the studies and
makes suggestions for future research. The thesis concludes with recommendations
for communication strategies. An overview of the methods is presented in the
following (see Figure 1.8).
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1.8.2! Overview of the methods
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Figure1.8. Overview of the methods
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Abstract!
The importance of knowledge for lay people’s climate change concerns has been
questioned in recent years, as it had been suggested that cultural values are stronger
predictors of concern about climate change than knowledge. Studies that
simultaneously measured knowledge related to climate change and cultural values
have, however, been missing. We conducted a mail survey in the German-speaking
part of Switzerland (N = 1,065). Results suggested that cultural worldviews and
climate-related knowledge were significantly related with people’s concern about
climate change. Also, cultural worldviews and climate-relevant knowledge appeared
important for people’s willingness to change behaviors and to accept climate-change
policies. In addition, different types of knowledge were found to have different
impacts on people’s concern about climate change, their willingness to change
behaviors, and their acceptance of policies about climate change. Specifically, causal
knowledge significantly increased concern about climate change and willingness to
support climate-friendly policies. We therefore concluded that risk communication
should focus on causal knowledge, provided this knowledge does not threaten cultural
values.
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2.1! Introduction
A changing climate system is probably one of the most pressing challenges of this
century. According to a report issued by the Intergovernmental Panel on Climate
Change (IPCC) (IPCC, 2013), the damage caused by global warming is likely to be
irreversible and catastrophic if no global action is quickly taken to stabilize the rise in
temperature of the earth’s surface (IPCC, 2013). The IPCC report also emphasizes the
high probability that climate change is man-made. Understanding public perception of
climate change seems to be crucial for the implementation of appropriate and
effective actions, not only because public concern is the precondition for informing
people effectively about climate change risks, but also because it has the enormous
potential to increase the public’s willingness to change behaviors and to accept policy
measures (Gadenne et al., 2011; Von Borgstede et al., 2013). For risk communication,
it is important to know whether both knowledge and cultural worldviews influence
people’s concern about climate change. Some researchers have argued that knowledge
is not an important predictor of concern about climate change, (Kahan et al., 2011;
Kahan et al., 2012; Kellstedt et al., 2008) whereas others have found knowledge to be
highly relevant (Eden, 1998; Milfont, 2012; Tobler et al., 2012b). The goal of the
present study was to examine how important knowledge about climate change is for
people’s concern about climate change when controlling for people’s cultural
worldviews. Furthermore, we aimed to examine whether the cultural worldviews that
were found to be important in the US (Kahan et al., 2012) are also important in a
European country with regard to people’s willingness to adopt pro-environmental
behaviors and their willingness to accept climate-related policies.

2.1.1! Concern about climate change
Several studies have demonstrated a substantial general awareness of climate change
among the public. High levels of concern about climate change have been found in
the US, Switzerland, and across other European countries (Leiserowitz, 2005;
Lorenzoni & Pidgeon, 2006; Tobler et al., 2012b).
Various factors have been proposed to influence people’s concern about climate
change. Some researchers have claimed that climate change concern is driven by
country specific factors like national prosperity (Franzen & Meyer, 2010;
Kemmelmeier et al., 2002; Schultz & Zelezny, 2003), media coverage of the issue
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(Brulle et al., 2012; Dumitrescu & Mughan, 2010), and political action by political
elites and by governments (Brulle et al., 2012; Lorenzoni et al., 2007). Others have
argued that perceived risk of climate change is predicted by individual factors, such as
beliefs, affect, political orientation, knowledge, and cultural worldviews (Kahan et al.,
2012; Leiserowitz, 2006; Lorenzoni et al., 2007; Poortinga et al., 2011; Saleh Safi et
al., 2012; Smith & Leiserowitz, 2012; Spence et al., 2012; Weber, 2010). To be more
precise, it has been shown that people who have strong beliefs regarding climate
change and the impacts of climate change perceive a higher risk of climate change
(Saleh Safi et al., 2012). Positive affect about climate change has been indicated to
significantly reduce risk perception, while skepticism was found to result in a hostile
attitude towards climate science and steadfast opposition to climate policies
(McCright & Dunlap, 2011; Smith & Leiserowitz, 2012; Tobler et al., 2012a). In the
US, people with a liberal or democratic political orientation have been found to be
more likely to report beliefs consistent with the scientific consensus and to express
personal concern about climate change as compared to conservatives and republicans
(McCright & Dunlap, 2011). Also, individuals’ perceived psychological distance has
been found to predict concern about climate change. That is, beliefs that climate
change is likely to impact local areas (geographical distance), to impact people who
are perceived to be similar (social distance), and to occur at closer time scales
(temporal distance), as well as beliefs that climate change is more certain, were all
significantly related to higher levels of concern about climate change (Spence et al.,
2012). Alternatively, vulnerability to climate change as a function of physical
vulnerability, sensitivity, and adaptive capacity have not been found to have an impact
on climate change risk perception (Saleh Safi et al., 2012).
Also, demographic factors such as age, gender, education level, and place of residence
have been found to be related with the perception of climate change and the
environment (Dunlap et al., 2002; Semenza, Hall, et al., 2008; Stern et al., 1993). To
be more specific, low-income individuals seemed to be less aware of climate change
than higher-income individuals (Semenza, Hall, et al., 2008). Women were
significantly more concerned about climate change than men (Stern et al., 1993).
Those with a higher education level and younger individuals appeared more willing to
change their behaviors related to the environment (Semenza, Wilson, et al., 2008). For
the present paper, the impacts of knowledge and cultural worldviews on concern
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about climate change are especially relevant; therefore, related research will be
discussed in more detail in the following sections.

2.1.2! The influence of knowledge on concern about climate change
The importance of knowledge on concern about climate change has been debated in
recent years (Corner, 2012; Kahan et al., 2012; McCaffrey & Rosenau, 2012). Based
on a large survey conducted in the US, Kahan and colleagues (Kahan et al., 2012)
found that science literacy was only weakly negatively correlated with climate change
concerns, and this relation was mainly moderated by the cultural worldview
hierarchy-egalitarianism. They therefore concluded that communication about climate
change should not focus on knowledge transmission as knowledge will not increase
public concern about climate change. However, Kahan and colleagues (Kahan et al.,
2012) used general science and numeracy questions to assess knowledge (i.e., science
literacy), which may not be relevant to evaluate the risks of climate change. An
example of such a question is: “Electrons are smaller than atoms” [True/False].
Several scholars have questioned the relevance of these science questions to be able to
draw the conclusion that knowledge does not matter for climate change concern
(Corner, 2012; McCaffrey & Rosenau, 2012).
If general science knowledge is not important, could specific climate knowledge be
correlated with people’s climate change concerns? Because climate change is a topic
that involves different aspects (i.e., physical characteristics, causes, consequences,
and ways to mitigate climate change), it may be necessary to assess specific types of
knowledge. Several past studies have shown that different types of specific climate
knowledge affect public concern about climate change and individuals’ behavioral
intentions to address global warming. Bord and colleagues (Bord et al., 2000) found
that causal knowledge of global warming related to beliefs and behavioral intentions
about climate change. Also, Tobler and colleagues (Tobler et al., 2012b) found that
knowledge about the causes and consequences of climate change was substantially
positively correlated with climate change concern and negatively correlated with
climate change skepticism. Action-related knowledge had no significant relation with
concern while physical knowledge was negatively related with concern of climate
change. In this study, knowledge items like the following were used: “The 90s were
globally the warmest decade during the past century.” Moreover, Stevenson and
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colleagues (Stevenson et al., 2014) tested a one-dimensional scale including various
types of climate change-related knowledge in a student sample. They related climate
change knowledge, as well as cultural worldviews, to the acceptance of anthropogenic
global warming, which in turn predicted risk perception of climate change. Climate
change knowledge was positively related with acceptance of human-caused climate
change.
These previous studies suggest that it may be premature to conclude that knowledge is
not very important in evaluating the risks of climate change. It needs to be
acknowledged, however, that Tobler and colleagues (Tobler et al., 2012b) and Bord et
al. (Bord et al., 2000) only investigated climate-related knowledge and not cultural
worldviews. Stevenson and colleagues (Stevenson et al., 2014) assessed both climaterelated knowledge and cultural worldviews on the acceptance of anthropogenic global
warming, but the impact of knowledge and cultural worldviews on concern about
climate change was not measured. As a result, it is not possible to rule out the
alternative explanation that, after controlling for cultural worldviews, knowledge is no
longer associated with climate change concern.

2.1.3! The influence of cultural worldviews on climate change
concern
The concept of cultural worldviews originated from the cultural theory of Douglas
and Wildavsky (Douglas & Wildavsky, 1982) who postulated that cultural groups are
divided into two dimensions; one dimension is based on the degree of group
cohesiveness (the extent to which someone finds identity in a social group), and the
other dimension is based on the degree of grid (the extent to which someone accepts
and respects a formal system of hierarchy and procedural rules).2 The combination of
these two dimensions results in four prototypes: bureaucrats, egalitarians, individuals,
and entrepreneurs.
The relationship between cultural worldviews and risk perception has recently
received new research attention by the introduction of cultural cognition theory

2

The prototypes have been labeled differently by various scholars. For instance, they were named
individualists, egalitarians, hierarchists, and fatalists by Schwarz and Thompson(Schwarz &
Thompson, 1990). Autonomous was added as a fifth type in some studies (Mamadouh, 1999).
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(Kahan et al., 2007), which comprises four cultural values arranged in two
dimensions:

hierarchy-egalitarianism

(hierarchy)

and

individualism-

communitarianism (individualism) (Kahan et al., 2010; Kahan et al., 2011; Kahan et
al., 2012). Persons with higher values on the hierarchy dimension and the
individualism dimension have been characterized as being skeptical of environmental
risks and as being more likely to believe that scientists are divided and disagree that
climate change is occurring (Kahan et al., 2011). Persons with higher values on the
dimensions of egalitarianism and communitarianism have tended to accept that most
expert scientists agree that global warming is occurring and that it has an
anthropogenic source (Kahan et al., 2011). Previous studies (Kahan et al., 2012;
Stevenson et al., 2014) on the impact of knowledge and cultural worldviews on risk
perception of climate change showed that both hierarchical and individualistic
worldviews were related with less concern about climate change. In Kahan et al.’s
study (Kahan et al., 2012), the impact of cultural worldviews on concern about
climate change was independent from scientific knowledge and literacy, whereas
Stevenson et al. (Stevenson et al., 2014) revealed a significant interaction between
individualism and knowledge. To be more precise, among individualistic people,
more climate change knowledge increased acceptance of human-caused climate
change more strongly than among communitarian people. Nevertheless, none of these
studies extended the relation between explicit climate change knowledge, cultural
worldviews, and concern to a behavioral outcome, such as willingness to change
one’s behavior in order to mitigate the climate change.

2.1.4! Aims of this study
The main goal of the present study was to examine the impact of climate change
relevant knowledge on climate change concerns when controlling for cultural
worldviews. More precisely, we expected physical knowledge, knowledge about the
causes, and knowledge about the consequences of climate change to positively
influence public concern about climate change, while we did not expect action-related
knowledge—about climate-friendly consumer behavior—to have an effect on climate
change concern. The reason we did not expect that action-related knowledge would
influence concern about climate change is, people first need to have a high level of
concern about climate change before they will learn more about action-related
knowledge.
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Additionally, we planned to examine whether different types of climate knowledge, as
previous studies suggested (Bord et al., 2000; Tobler et al., 2012b), have different
impacts on concern about climate change, willingness to change behaviors, and
acceptance of policy measures to mitigate climate change. People with more
knowledge about how to behave properly in order to mitigate climate change are
expected to be more willing to change their actual behaviors and to be more accepting
of climate-friendly policy measures; their increased knowledge allows them to feel
less powerless (Tobler et al., 2012b). We hence included action-related knowledge
and expected that it would be a predictor of both willingness to change and
acceptance of climate-friendly policies. Furthermore, we aimed to examine whether
the findings from the US that individualistic and hierarchical worldviews are strongly
related to people’s climate change concerns can be generalized to other countries. The
hypotheses of our study can be summarized as follows:
1)! If knowledge is measured in a comprehensive way and is relevant to
evaluating the risk of climate change, knowledge will be related to concern
about climate change and to willingness to change behaviors.
2)! Knowledge influences concern about climate change even when controlling
for cultural worldviews.
3)! Different types of specific climate knowledge have different impacts on
concern about climate change, on willingness to change behaviors, and on
acceptance of policy measures.
4)! The finding that cultural worldviews are related to people’s climate change
concerns and to their willingness to change behaviors can be generalized to
countries other than the US.

2.2! Method
2.2.1! Sample
A mail survey was conducted in the German-speaking part of Switzerland between
June and August 2013. Households were randomly selected from the telephone book
before receiving our questionnaire together with a stamped and addressed return
envelope. The household member who was at least 18 years old and whose birthday
was next was invited to complete the questionnaire. Non-responders received two
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reminders, and the second one contained another copy of the questionnaire. Overall,
1,065 people sent back a completed questionnaire, which corresponded to a response
rate of 38%.
Our sample consisted of 55.5% males (n = 591), 42.8% females (n = 456), and 1.7%
(n = 18), people who did not report their gender. The mean age of our respondents
was 57 years (SD = 16), which was moderately older than the Swiss adult population
(M = 48 years)(Swiss Statistics, 2012a) The self-reported education level was
obligatory education level, primary school and lower secondary school (9.4%, n =
100), secondary vocational or business school and upper secondary school (58.1%, n
= 619), college or university (30.5%, n = 325), and 2% of participants (n = 21) who
did not indicate their highest level of education. The education level in our sample
was slightly higher than that of the general population (Swiss Statistics, 2012b).

2.2.2! Questionnaire
Our questionnaire consisted of ten pages concerning the topics of, among other
things, knowledge regarding climate change, cultural worldviews, concern about
climate change, willingness to change behaviors, and acceptance of policy measures
to mitigate climate change. We developed a knowledge scale based on the results of a
study conducted in Switzerland a few years ago (Tobler et al., 2012b). Altogether, 22
items from the original knowledge scale were used, and eight new items were
developed by consulting the existing literature (Bord et al., 1998; Ferguson et al.,
2011; Leiserowitz, 2007). The 22 items from the previous study were selected based
on how well they fit with the knowledge subscales in the previous study (Tobler et al.,
2012b). Our knowledge scale (Figures 2.1–2.4) covered a wide range of climate
change-related knowledge and consisted of four subscales: physical knowledge (seven
items; see Figure 2.1), such as, “CO2 is harmful to plants” (incorrect); causal
knowledge (seven items; see Figure 2.2), for example, “With a high probability, the
increase of CO2 is the main cause of climate change”; action-related knowledge (eight
items; see Figure 2.3), such as, “To get in fresh air in winter, it is most climate
friendly to keep a window open for a longer period of time” (incorrect); and resultrelated knowledge (eight items; see Figure 2.4), such as, “For the next few decades,
the majority of climate scientists expect an increase in extreme events, such as
droughts, floods, and storms.” These items had different degrees of difficulty ranging
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from basic understanding to expert knowledge. Respondents answered each item with
“true,” “false”, or “don’t know.” The latter response option was provided to avoid
guesses from the participants. The wordings of the knowledge items were carefully
selected in order to avoid indicating the correctness of the statements.

Figure 2.1. The items used to assess physical knowledge concerning climate change, their
response distributions and scalabilities (Hi), including Loevinger’s scalability coefficient (H)
and the reliability (ρ) of the scale. Notes. *Denotes an incorrect statement; responses were
reverse coded.
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Figure 2.2. The items used to assess causal knowledge concerning climate change, their
response distributions and scalabilities (Hi), including Loevinger’s scalability coefficient (H)
and the reliability (ρ) of the scale. Notes. * Denotes an incorrect statement; responses were
reverse coded..# New item, other items were taken from a previous study (Tobler et al.,
2012b)!
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Figure 2.3. The items used to assess action-related knowledge concerning climate change,
their response distributions and scalabilities (Hi), including Loevinger’s scalability coefficient
(H) and the reliability (ρ) of the scale. Notes. * Denotes an incorrect statement; responses
were reverse coded..# New item, other items were taken from a previous study (Tobler et al.,
2012b)!
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Figure 2.4. The items used to assess result-related knowledge concerning climate change,
their response distributions and scalabilities (Hi), including Loevinger’s scalability coefficient
(H) and the reliability (ρ) of the scale. Notes. * Denotes an incorrect statement; responses
were reverse coded..# New item, other items were taken from a previous study (Tobler et al.,
2012b)

In addition, we measured respondents’ cultural worldviews by applying the 12-item
scale from the study of Kahan et al.(Kahan et al., 2012). The items reflect how people
perceive social orderings and interactions in general. The scale was composed of two
subscales: hierarchy-egalitarianism (hierarchy) and individualism-communitarianism
(individualism). We slightly changed the items to better fit Swiss society; for instance,
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in the item “Discrimination against minorities is still a very serious problem in our
society,” we replaced the word “minorities” with “immigrants,” as the former word is
not commonly used in Swiss society (see Table 2.1 and Table 2.2). All items were
assessed on 6-point Likert scales ranging from 1 (“strongly disagree”) to 6 (“strongly
agree”). The internal consistency of these two subscales was fairly good, with
Cronbach’s α = .75, N = 6 for the individualism dimension and Cronbach’s α = .71, N
= 6 for the hierarchy dimension.
Table 2.1. Individualism-communitarianism cultural worldview: The items, their means, standard
deviations, and corrected item-total correlations.

Abbreviation used

Corrected
Items

in (Kahan et al.,

M

SD

2012)#

item-total
correlation

The government should do more to advance
C PROTECT.

society’s goals, even if that means limiting

3.40

1.54

.50

3.27

1.51

.55

3.82

1.57

.46

3.50

1.56

.58

2.62

1.45

.40

4.05

1.57

.43

the freedom and choices of individuals.*
I INTRSTS.
I PROTECT.
I PRIVACY.
C HARM.

The government interferes far too much in
our everyday lives.
It’s not the government’s business to try to
protect people from themselves.
The government should stop telling people
how to live their lives.
Sometimes government needs to make laws
that keep people from hurting themselves.*
Government should put limits on the choices

C LIMCHOI.

individuals can make so they don’t get in the
way of what’s good for society.*

Scale’s Cronbach’s α = .75, M = 3.44, SD = 1.02
Notes. # Initial letter I of the abbreviation represents individualism and C refers to
communitarianism.
* Item was reverse coded.
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Table 2.2. Hierarchy-egalitarianism cultural worldview: The items, their means, standard deviations,
and corrected item-total correlations.

Corrected

Abbreviation used in

Items

(Kahan et al., 2012)#

M

SD

item-total
correlation

It seems like immigrants, women,
HREVDIS2.

homosexuals and other groups don’t want
equal rights, they want special rights just

2.91

1.78

.46

3.25

1.63

.45

2.85

1.63

.38

2.28

1.48

.49

3.17

1.59

.47

2.86

1.76

.44

for them.
EDISCRIM.
EWEALTH.
HEQUAL.

Discrimination against immigrants is still
a very serious problem in our society.*
Our society would be better off if the
distribution of wealth was more equal.*
We have gone too far in pushing equal
rights in this country.
We need to dramatically reduce

ERADEQ.

inequalities between the rich and the poor,
Swiss and foreigners, and men and
women.*

HFEMININ.

Society as a whole has become too soft
and feminine.

Scale’s Cronbach’s α = .71, M = 2.89, SD = 1.06
Notes. # Initial letter H of the items represents hierarchy and E refers to egalitarianism.
* Item was reverse coded.

Further, we investigated concern about climate change through a comprehensive scale
consisting of seven items. Four items assessed the perceived risks of climate change,
such as, “I worry about the climate’s state,” and were taken from a previous study
(Tobler et al., 2012b). The scale was extended by three more specific items relating to
concern about climate change, for example, “There is no need to be too anxious about
climate change, as it will change anyway, like during an ice age” (reverse coded). All
items were assessed on 6-point Likert scales, with higher scores indicating more
concern about climate change. The internal reliability of the new scale was high, with
Cronbach’s α = .90, N = 7 (see Table 2.3).
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Table 2.3. Climate change concern: The items, their means, standard deviations, and corrected itemtotal correlations. !

Corrected
Items

M

SD

item-total
correlation

I worry about the climate’s state.

4.72

1.23

.78

Climate change has severe consequences for humans and nature.

5.04

1.15

.71

Climate protection is important for our future.

5.20

1.14

.68

We must protect the climate’s delicate equilibrium.

5.10

1.20

.66

There is no need to be too anxious about climate change, as it

4.39

1.61

.54

I worry about what will happen due to climate change.#

4.55

1.38

.81

I worry about the cause of climate change.#

4.36

1.43

.78

will change anyway, like during an ice age.*#

Scale’s Cronbach’s α = .90, M = 4.78, SD = 1.00
Notes. # New item, other items were taken from Tobler et al (Tobler et al., 2012b).
* Item was reverse coded.

Moreover, we adapted the scale by Tobler and colleagues(Tobler et al., 2012b) to
assess respondents’ willingness to change their behaviors to mitigate climate change.
For this scale, five items were taken from Tobler et al (Tobler et al., 2012a, 2012b)
and six items were new. The participants rated their willingness to adopt each of six
behaviors on 7-point Likert scales ranging from 1 (“I am not willing at all”) to 6 (“I
am very willing”) or to 7 (“I am already doing this”). A wide range of possible
activities was presented, such as, “walking, cycling or taking public transportation
rather than driving cars” and “setting lower temperature of heaters during winter
time.” The internal reliability of this scale was good, with Cronbach’s α = .79, N = 11
(see Table 2.4).
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Table 2.4. Willingness to change behaviors to mitigate climate change: The items, their means,
standard deviations, and corrected item-total correlations.

Corrected
Items

M

SD

item-total
correlation

Walking, cycling or taking public transportations instead of

5.21

1.85

.41

6.05

1.46

.50

5.10

1.82

.42

3.34

1.87

.42

5.44

1.79

.44

Reducing meat consumption (max. 3 times a week).

4.98

2.35

.44

Consuming seasonal food whenever possible.

6.09

1.26

.51

Removing or switching off the power supply plug of

5.40

1.66

.47

5.80

1.57

.47

5.97

1.23

.45

5.60

1.23

.44

driving cars.#
Using warm water sparingly (e.g., taking a shower instead of
a bath).
Setting temperature of heating at 20°C or lower in
wintertime.
Donating money to climate change protection projects.
Climbing stairs instead of taking the elevator (within 6
floors).#

electronic devices when these are not in use (e.g., mobile
phone chargers and laptop power supplies).#
Checking the electricity bill to adjust the energy
consumption at home.#
Buying energy-saving products, as long as they don’t cost
too much.#
Generally try to drive smoothly, avoid excessive speed, harsh
acceleration and braking in order to reduce CO2 emissions.

#

Scale’s Cronbach’s α = .79, M = 5.36, SD = .93
Note. # New item, other items were taken from Tobler et al (Tobler et al., 2012b).
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Table 2.5. Acceptance of policy measures to mitigate climate change: The items, their means,
standard deviations and corrected item-total correlations.

Corrected
Items

M

SD

item- total
correlation

Subsidies for electricity generation from renewable energy

5.19

1.24

.59

4.97

1.33

.54

5.05

1.28

.52

5.24

1.11

.56

4.94

1.33

.51

3.69

1.88

.57

CO2 tax on gasoline and diesel fuel (15 Rp/liter).

3.42

1.88

.57

Binding limits for CO2 emissions for new cars.

5.29

1.18

.58

Bonus-malus system for car taxes (owners of cars with low

4.79

1.61

.56

(such as solar or wind energy).
Subsidies for alternative heating systems (such as wood
firing or heat pumps).
Subsidies for building and renovating according to the
MINERGIE# standard (with low energy demand).
Subsidies for research projects in the field of climatefriendly technology.
Extension of public transportation.
Increase of CO2 tax on heating oil (from now 9 Rp/liter to
18 Rp/liter).

CO2 emissions will pay less road tax and owners of cars
with high CO2 emissions will pay more road tax).
Scale’s Cronbach’s α = .83, M = 4.72, SD = .95
Note. # Sustainability brand for new and refurbished buildings.

In addition, we wanted to investigate to what extent our respondents accepted nine
policy measures to mitigate climate change, for instance, “subsidies for research
projects in the field of climate-friendly technology.” Participants reported how
acceptable they found each presented policy measure on a 6-point Likert scale from 1
(“not acceptable at all”) to 6 (“totally acceptable”). Various policies regarding climate
change in Switzerland were selected to comprise the scale. Nine items were taken
from Tobler et al (Tobler et al., 2012b). The internal reliability of this scale was high,
with Cronbach’s α = .83, N = 9 (see Table 2.5). Finally, four demographic variables
40

(gender, age, education level, and income level) were assessed at the end of our
questionnaire.

2.2.3! Data analysis
Respondents’ answers were first reversed for knowledge items with incorrect
statements. Hence, the results indicated whether the answers were correct, wrong, or
whether the respondent did not know the answer. “Don’t know” answers were
recoded as wrong answers. In the end, we therefore had binary data (1 = “correct”; 0
= “wrong” and “don’t know”). If an answer was missing or multiple answers were
given by the same respondent, the entire case was excluded from the knowledge scale
analyses that follow.
A Mokken scale analysis was then conducted to test the quality of our knowledge
scales. This method is subject to stricter assumptions than Cronbach’s alpha reliability
analysis;(Van Schuur, 2003) instead of assuming that all items have the same
frequency distribution, a Mokken scale analysis explicitly takes into account (1) the
latent trait of respondents (such as knowledge) and (2) the item’s characteristic (such
as difficulty). Not only can a Mokken scale analysis rank participants according to
their probability of positive responses (i.e., latent trait), it can also scale items
regarding their probability of being answered correctly.
One of the important assumptions of a Mokken scale analysis is double monotonicity
(Van Schuur, 2003). Monotonicity firstly means that the expected order of
respondents should be monotonically non-decreasing for each item. That is, the items
that are responded to correctly by persons with little knowledge should also be
answered correctly by persons with more knowledge. Secondly, the items should be
monotonically ordered for each person: people who are able to correctly answer the
difficult questions should also respond correctly to the less difficult and easier items.
The Mokken scale analysis therefore tests whether a scale is uni-dimensional.
In a Mokken scale analysis, scalability is measured by Loevinger's coefficient H for
the entire scale and Hi for each item i. The Loevinger scalability coefficient H
indicates the extent to which respondents can be accurately ordered by the suggested
set of items (Molenaar et al., 2000), while scalability coefficient Hi indicates the
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degree to which each item could be accurately ordered by the participants. Hi and H
will take values between 0 and 1, and the larger the H and Hi values, the higher is the
confidence in this ordering. A scale with a set of items with H-values between .3 and
.4 is considered an acceptable scale. H = .4–5 indicates medium scalability, and H =
.5–1 suggests a strong scale. Concerning the individual items, the scalability
coefficients Hi for each individual item should be Hi > .3. We calculated the
parameters by using the MSP5 program (version 5.0, Iec ProGAMMA, Groningen,
the Netherlands)(Molenaar et al., 2000). After the Mokken scale analysis, we
calculated the proportion of correct responses for each type of knowledge to examine
what kind of knowledge was more present and which was less present in our
participants. Only items that proved to be of good quality in the Mokken scale
analysis (Hi > .3) were kept in the knowledge scale (see Figures 2.1–2.4). We summed
the number of correct responses for each respondent, for each of the four knowledge
scales. The four sum scores of the knowledge scales were included in the regression
analyses described below.
The study’s hypotheses were tested by several hierarchical linear regression analyses.
We examined the predictors of concern about climate change by introducing the
following factors: demographics, cultural worldviews, various types of knowledge,
and the interactions between cultural worldviews and different types of knowledge
(Model 1). The determinants were entered stepwise in four blocks to examine the
contribution of each block of variables on the explanation of concern about climate
change. In Step 1, we included the demographic variables. We then entered the
cultural worldviews hierarchy and individualism in Step 2. Additionally, three types
of knowledge were introduced in Step 3 (i.e., physical knowledge, causal knowledge,
and result-related knowledge). In Step 4, six interactions between the two cultural
worldviews and the three types of knowledge were entered. To be able to analyze the
interaction effects correctly, all predictors—except for the dummy variables gender
and education level—were transformed into z-scores before entering them in the
model. Significant interactions were further investigated using post-hoc probing based
on the standard errors of simple slopes (Aiken & West, 1991; Cohen et al., 2003).
Two additional hierarchical linear regression models were calculated to identify the
predictors of respondents’ willingness to change their behavior to mitigate climate
change (Model 2) and those of their acceptance of policy measures to mitigate climate
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change (Model 3). We introduced four blocks in steps to check the contribution of
each block of variables: (1) age, gender, income, and education level; (2) concern
about climate change; (3) hierarchy and individualism; and (4) physical knowledge,
causal knowledge, result-related knowledge, and action-related knowledge. Actionrelated knowledge was thus additionally included in Models 2 and 3. Education level
was recoded into two dummy variables with college or university level as the
reference group: “college vs. primary” (0 = college, 1 = primary school) and “college
vs. secondary” (0 = college, 1 = secondary school).

2.3! Results
2.3.1! Descriptives
Four reliable one-dimensional subscales of climate change-related knowledge could
be generated: physical knowledge, causal knowledge, action-related knowledge, and
result- rela000000ted knowledge (see Figures 2.1–2.4). Specifically, our respondents
seemed to be rather well informed about how CO2 is produced and that CO2 is a
greenhouse gas (items 1 and 2), as shown in Figure 2.1. By contrast, people tended to
confuse the environmental impact of CO2 with that of methane (item 7). The correct
response was known by 25% of the entire sample. The Loevinger scalability
coefficient (H = .41) suggested a good scalability with an acceptable reliability of ρ
= .71 for all seven items. The individual scalability coefficients (Hi > .34) indicated a
satisfactory value for all items.
The responses to the items about causal knowledge regarding climate change can be
seen in Figure 2.2. Participants were most knowledgeable about the CO2 increase in
the atmosphere, followed by the fact that human activities are responsible for climate
change (items 8 and 9). Fewer respondents knew about the temperature changes in the
past decades and centuries (items 12 and 13). The Loevinger scalability coefficient (H
= .41), the individual scalability coefficients (Hi > .32), and the reliability ρ = .70
indicated that the seven items form a reliable one-dimensional scale.
Figure 2.3 shows the response distributions for the action-related knowledge items.
The correct response rate was high; more than 56% of the respondents answered
nearly all items correctly. The majority of the respondents knew about how to behave
in climate-friendly ways regarding transportation choice, heating behavior, or energy
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use. Items 19 and 21 were excluded due to their low scalabilities (Hi). The Loevinger
scalability coefficient (H = .37), the individual scalability coefficients (Hi > .31), and
the reliability coefficient ρ = .66 suggested that the remaining six items form an
acceptable one-dimensional scale.
The results of climate change were well known by our sample (see Figure 2.4). Most
participants knew about the increase of extreme weather events and rising sea level
(items 23 and 24). By contrast, participants seemed to be less knowledgeable about
the expected patterns in climate change and precipitation change (items 28 and 29).
Items 27 and 30 were excluded due to their low scalabilities (Hi). The Loevinger
scalability coefficient H = .39, the individual scalability coefficients Hi > .31, and the
reliability coefficient ρ = .65 suggested that six items (without items 27 and 30) form
a reliable one-dimensional scale.

2.3.2! Regression analyses
Concerning the hierarchical regression analysis on concern about climate change, we
included the demographics in Step 1, among which, only gender was significantly
related with concern about climate change. Thus, the demographics only had a
marginal impact on the dependent variable and accounted for only 1% explained
variance, F(5, 809) = 2.85, p = .02 (see Model 1[a] in Table 2.6). In Step 2, we
introduced the cultural worldviews to the model (Model 1[b] in Table 2.6). Both
individualism and hierarchy were negatively related to concern about climate change,
which markedly improved the model and accounted for 29% explained variance of
concern about climate change F(7, 807) = 47.26, p = .0001, F-change (2, 807) =
155.57, p = .0001. In Step 3, the inclusion of three relevant types of knowledge
increased the explained variance of concern about climate change to 39% (see Model
1[c] in Table 2.6), F(10, 804) = 52.01, p = .0001, F-change (3, 804) = 45.03, p
= .0001. Causal knowledge had a significant positive relation with climate change
concerns, while result-related knowledge and physical knowledge did not have a
significant impact on climate change concerns.3 In Step 4, the interactions between
the two cultural worldviews and the three types of knowledge were included. The
3

Although we expected a non-significant effect of action-related knowledge on concern about climate
change, we included action-related knowledge in regression model 1 to test its effect on concern about
climate change. As predicted, there was no significant impact of action-related knowledge on concern
about climate change.
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inclusion of the interaction effects slightly increased the explained variance of
concern about climate change to 40%, F(16, 798) = 35.42, p = .0001, F-change (6,
798) = 5.12, p = .0001 (see Model 1[d] in Table 2.6). Only the interaction between
causal knowledge and individualism was found to be significant, although small. As
the correlations between the four types of knowledge were small (r < .5) and the VIF
values among different types of knowledge were slightly greater than 1 (1.26 ≤ VIF ≤
1.53), multicollinearity was not a concern.
We analyzed the interaction between individualism and causal knowledge in more
detail by means of post-hoc probing (Aiken & West, 1991; Cohen et al., 2003). Two
additional regression analyses were conducted for the dependent variable (concern of
climate change) with one of the two independent variables (causal knowledge) of the
interaction: one regression equation for high levels of the moderating variable
(individualistic worldview) and one for low levels of the moderating variable
(communitarian worldview). The value and significance of the b-value of the
independent variable in each of the two regression analyses determined the size and
direction of the interaction (Aiken & West, 1991; Cohen et al., 2003). As is shown in
Figure 2.5, causal knowledge seemed to be more related to climate change concern
when respondents had more individualistic worldviews (-1 SD, b = .49, β = .47, p
< .001, see Figure 2.5) than when they had more communitarian worldviews (+1 SD,
b = .21, β = .20, p < .001, see Figure 2.5). Thus, overall, concern about climate
change steadily increased with more causal knowledge independent of communitarian
or individualistic worldviews. More communitarian participants in general showed
more concern about climate change than individualistic participants. Moreover, when
causal knowledge increased, individualistic people’s concerns rose about climate
change more strongly than among communitarians.
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Table 2.6. Concern about climate change: Results of the hierarchical regression analysis.
Model 1[a]

Model 1[b]

Model 1[c]

Model 1[d]

B

SE

β

B

SE

β

B

SE

β

B

SE

β

Age

.03

.04

.03

.08

.03

.08*

.03

.03

.03

.04

.03

.04

Income

.00

.04

.00

.01

.04

.01

-.02

.03

-.02

-.01

.03

-.01

-.26

.07 -.13*** -.05

.06

-.02

-.08

.06

-.04

-.09

.06

-.04

-.04

.15

-.01

.15

.13

.04

.17

.12

.05

.13

.12

.04

-.11

.08

-.06

.10

.07

.05

.08

.07

.04

.05

.07

.03

Individualism

-.34

.03 -.34*** -.27

.03

-.27*** -.25

.03

-.25***

Hierarchy

-.31

.03 -.32*** -.27

.03

-.28*** -.26

.03

-.27***

-.06

.03

-.05

.03

-.04

Causal knowledge

.34

.03

.34*** .31

.03

.31***

Result-related
knowledge

.01

.03

.01

.03

.01

Hierarchy × Physical
knowledge

-.03

.03

-.03

Hierarchy ×
knowledge

Causal

.04

.03

.05

Hierarchy × Resultrelated knowledge

.03

.03

.03

Individualism
×
Physical knowledge

-.02

.03

-.02

Individualism × Causal
knowledge

.12

.03

.12***

Individualism
Result-related
knowledge

-.06

.04

-.05

Gender#
College vs. primary

Ϯ

College vs. secondaryϮ

Physical knowledge

R

2

F (df1, df2)
F (df1, df2)

-.06

.01

×

.01

.29

.39

.40

2.85* (5, 809)

47.26*** (7, 807)

52.01*** (10, 804)

35.42*** (16, 798)

N.A.

155.57*** (2, 807)

45.03*** (3, 804)

5.12*** (6, 798)

Notes. # Dummy variable for Gender (0 = female, 1 = male).
Ϯ

Dummy variables for college vs. primary (0 = college, 1 = primary school) and for college

vs. secondary school (0 = college, 1 = secondary school). * p < .05, ** p < .01, *** p < .001.
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Figure 2.5. Regression lines for the relations between causal knowledge and concern about
climate change moderated by the individualism-communitarianism cultural worldview.

According to the second and third hierarchical linear regression analyses (Model 2
and Model 3), the inclusion of four blocks of predictors in both models substantially
increased the explained variances of people’s willingness to change their behaviors
and to accept climate-friendly policies, which accounted for 24% explained variance
in Model 2[d] and 50% in Model 3[d], respectively (see Tables 2.7 and 2.8). In the
final models, concern about climate change was the most important predictor of both
willingness to change behavior and acceptance of policy measures to mitigate climate
change. Hierarchy and individualism were negatively related to both willingness to
change behaviors and acceptance of policy measures to mitigate climate change.
Action-related knowledge was positively related with willingness to change
behaviors, while result-related knowledge had a relatively small, but significant,
relationship with willingness to change behaviors, i.e., more result-related knowledge
led to less willingness to change behaviors. Causal knowledge, among all four types
of knowledge, was the only type of knowledge that had a significant impact on
acceptance of policy measures.4

4

Interactions between knowledge and cultural worldviews were not further included in regression
models 2 and 3 due to the single significant interaction and its small impact on concern about climate
change (see Model 1). However, we analyzed the two separate regression analyses of Model 2 and
Model 3 that are not reported in this paper, which included the interactions. There were no significant
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Table 2.7. Willingness to change behaviors: Results of the hierarchical regression analysis.
Model 2[a]

Model 2[b]

Model 2[c]

B

SE

β

B

SE

β

B

Age

.00

.00

.02

.00

.00

.01

.00

Income

-.09

.03

-.11**

-.09

.03

-.11**

Gender#

-.35

.07

-.19*** -.26

College
primaryϮ

vs. -.29

.14

-.09*

College
secondaryϮ

vs. -.20

.08

-.11**

β

B

SE

β

.00

.03

.00

.00

.01

-.09

.03

-.11**

-.09

.03

-.11**

.06 -.14*** -.21

.06

-.11**

-.23

.07

-.12***

-.28

.12

-.08*

-.22

.12

-.07

-.20

.13

-.06

-.16

.07

-.09*

-.11

.07

-.06*

-.09

.07

-.05

.39

.03 .42***

.31

.03 .34***

.30

.04

.33***

Individualism

-.07

.03

-.08*

-.07

.03

-.07*

Hierarchy

-.10

.03

-.12**

-.10

.03

-.12**

Physical
knowledge

.21

.14

.06

Causal knowledge

.06

.14

.02

Result-related
knowledge

-.33

.16

-.08*

Action-related
knowledge

.39

.18

.08*

Concern
about
climate change

R

2

F (df1, df2)
F (df1, df2)

SE

Model 2[d]

.04

.22

.23

.24

8.18*** (5, 771)

36.65*** (6, 770)

30.26*** (8, 768)

21.13*** (12, 764)

N.A.

170.06*** (1, 770)

8.83*** (2, 768)

2.42* (4, 764)

Notes. # Dummy variable for Gender (0 = female, 1 = male).
Ϯ

Dummy variables for college vs. primary (0 = college, 1 = primary school) and for college

vs. secondary school (0 = college, 1 = secondary school).
* p < .05, ** p < .01, *** p < .001.

interactions between knowledge and cultural worldviews on willingness to change behaviors and on
acceptance of policy measures.

48

Table 2.8. Acceptance of climate-friendly policies: Results of the hierarchical regression
analysis.
Model 3[a]
B

SE

Model 3[b]

Model 3[c]

Model 3[d]

β

B

SE

β

B

SE

β

B

SE

β

Age

.00 .00

.07

.00

.00

.05

.01

.00

.10**

.01

.00

.09**

Income

.01 .03

.01

.01

.03

.01

.02

.02

.02

.01

.02

.01

Gender#

-.38 .07 -.20***

-.24

.06

-.13*** -.14

.05

-.07**

-.16

.05

-.08**

College
primaryϮ

vs.

-.46 .14

-.14**

-.45

.11

-.13*** -.32

.10

-.09**

-.27

.10

-.08*

College
secondaryϮ

vs. -.27 .08

-.14**

-.21

.06

-.11**

-.09

.06

-.05

-.08

.06

-.04

.56

.03

.60***

.38

.03

.40***

.33

.03

.35***

Individualism

-.20

.03

-.22*** -.20

.03

-.22***

Hierarchy

-.21

.03

-.24*** -.21

.03

-.24***

Physical
knowledge

-.11

.11

-.03

Causal knowledge

.29

.11

.08*

Result-related
knowledge

.20

.13

.05

Action-related
knowledge

.27

.15

.05

Concern
about
climate change

R

2

F(df1, df2)
F (df1, df2)

.05

.40

.49

.50

8.54*** (5, 770)

85.86*** (6, 769)

94.87*** (8, 767)

66.22*** (12, 763)

N.A

447.68*** (1, 769)

73.41*** (2, 767)

4.98** (4, 763)

Notes. # Dummy variable for Gender (0 = female, 1 = male).
Ϯ

Dummy variable for College vs. Primary (0 = college, 1 = primary school) and for college

vs. secondary school (0 = college, 1 = secondary school).
* p < .05, ** p < .01, *** p < .001.

In sum, both climate-related knowledge and cultural worldviews were important for
public concern about climate change. People with more knowledge about the causes
of climate change were also more concerned about this issue. Participants were more
willing to change their behaviors and accept climate-friendly policies if they were
increasingly concerned about climate change. However, higher scores on hierarchy
and individualism were associated with lower willingness to change their behaviors
and lower acceptance of climate-friendly policies to mitigate climate change.
49

2.3.3! Mediation analyses
In order to investigate the indirect and direct effects of causal knowledge on
willingness to change behaviors and on the acceptance of policy measures, we
analyzed two mediation models: one with willingness to change behavior as the
dependent variable and one with acceptance of policy measures as the outcome
variable. In both models, causal knowledge was the causal agent and concern about
climate change was the mediator. We controlled for the other variables, i.e., cultural
worldviews, physical knowledge and result-related knowledge. Both models were
calculated with bias-corrected bootstrap confidence intervals based on 10,000
bootstrap samples (Hayes, 2008; Preacher & Hayes, 2008).
We found a significant indirect effect of causal knowledge on willingness to change
behaviors (a1b1 = .396, 95%CI: .281-.545; these are unstandardized coefficients) and
no significant direct effect of causal knowledge on willingness to change behaviors
(c1´ = -.01, p = .944). The positive indirect effect reflects the fact that more causal
knowledge resulted in more concern about climate change (a1 = 1.264), and more
concern about climate change was related to more willingness to change their
behaviors (b1 = .313).
Similarly, the indirect effect of causal knowledge on public acceptance of policy
measures to mitigate climate change was significant (a2b2 = .444, 95%CI: .330-.582).
Moreover, the indirect effect was larger than the direct influence of causal knowledge
on public acceptance of policy measures (c2´ = .244, p = .03).

2.4! Discussion
There has been a debate about whether scientific knowledge is important for
explaining people’s concerns related to climate change (Corner, 2012; Kahan et al.,
2012; McCaffrey & Rosenau, 2012). Results of the present research suggest that
when knowledge fields that are relevant to climate change are taken into account,
more knowledge is related to more concern about climate change. This finding is in
line with Hypothesis 1. More specifically, causal knowledge was positively related to
concern about climate change even when cultural worldviews were included in our
model. Moreover, there was only a small, significant interaction effect of causal
knowledge and individualism on concern about climate change, whereby the main
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effect of knowledge on concern remained strong. This result confirms Hypothesis 2:
knowledge is still positively related to concern about climate change after considering
the moderating role of cultural worldviews. In other words, knowledge increases
public concern about climate change independent of cultural worldviews.
In addition, action-related knowledge had a significant impact on willingness to adjust
behaviors, causal knowledge had a significant relationship with accepting policies for
climate change mitigation, and result-related knowledge had a small, but negative,
impact on willingness to change behaviors. These findings are in line with
Hypotheses 2 and 3. Hypothesis 4 was also confirmed as both hierarchical and
individualistic worldviews were negatively related with concern, willingness to
change, and acceptance of policy measures in our sample.

2.4.1! Importance of climate change-related knowledge
Our findings are in line with previous studies that showed that scientific knowledge
may influence public concern and attitudes about the environment (Eden, 1998;
Kollmuss & Agyeman, 2002; Lorenzoni et al., 2007; Milfont, 2012; Nolan, 2010;
Skamp et al., 2013; Tobler et al., 2012b). It should be emphasized, however, that
different types of knowledge seemed to have different impacts on perception and
acceptance of measures related to climate change. To be more exact, causal
knowledge was positively related with concern about climate change and with
acceptance of policy measures; action-related knowledge had a positive impact on
willingness to change behaviors; and result-related knowledge had a negative impact
on willingness to change behaviors. This suggests that people are more inclined to
change their behaviors if they have more knowledge about climate-friendly behaviors.
However, our findings also suggest that people are less likely to change their
behaviors when they have more knowledge about the negative consequences of
climate change. If people believe they cannot do anything about a hazard, they are
likely to feel powerless (Swim et al., 2011), which can lead to resignation instead of
intention to change their behavior (Kollmuss & Agyeman, 2002).
According to the results of the mediation analysis, causal knowledge had an indirect
impact on willingness to change behaviors and acceptance of climate-friendly policies
through concern about climate change. Result-related knowledge and action-related
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knowledge seemed to influence willingness to change behaviors directly. Physical
knowledge was unrelated to concern about climate change, willingness to change
behaviors, and acceptance of policy measures. Physical knowledge may be less
relevant here because it referred to the underlying characteristics and processes of
climate change, which may be difficult for people to transform into an opinion about
the risks of climate change.
Physical knowledge, result-related knowledge and action-related knowledge were
significantly related with causal knowledge, which was again positively correlated
with concern about climate change. It is therefore possible that physical, result-related
and action-related knowledge had indirect impacts on the outcome variables through
causal knowledge. Further research is needed to investigate the indirect relationships
between the different types of knowledge and concern about climate change.
Based on our results, we are less skeptical than Kahan and colleagues (Kahan et al.,
2012) regarding risk communication that focuses on knowledge. Our findings
suggested that we should especially provide people with more causal knowledge.
People could, for instance, be informed about the causes of temperature changes in
the past decades and about the main causes of accumulating greenhouse gases in the
atmosphere. In terms of climate change mitigation, people should be given more
action-related knowledge to encourage them to adopt more climate-friendly
behaviors. An example of action-related information is the fact that by consuming
fewer meat and dairy products, consumers can significantly reduce their contribution
to greenhouse gas emissions. In addition, we should avoid providing people with
result-related knowledge that makes them feel powerless. For example, climate
change is expected by experts to result in an increase in extreme weather events and
in an overall rise in sea levels. Instead of communicating these uncontrollable
consequences, it may be better to emphasize the consequences that are more related to
individual lifestyles. This might result in a greater willingness to mitigate climate
change (Wackernagel & Rees, 1996).

2.4.2! Influence of cultural worldviews on climate change perception
Both individualistic and hierarchical cultural worldviews were important for a better
understanding of people’s climate change concerns in the US (Kahan et al., 2012;
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Stevenson et al., 2014). Results of the present study extended the findings regarding
cultural worldviews beyond the US. We could show that the same set of cultural
worldviews also shape people’s climate change concerns in Switzerland. Moreover,
our results suggested that cultural worldviews directly influence people’s willingness
to change behaviors and their acceptance of policy measures that can mitigate climate
change.
According to our results, both individualistic and hierarchical worldviews were
negatively related with concern about climate change, willingness to behave in
climate-friendly ways, and acceptance of related policy measures. This seems to be
consistent with previous studies (Corner et al., 2014; Kahan et al., 2012; Stevenson et
al., 2014), which found a positive correlation between individualistic values and
climate change skepticism and a negative relation between egalitarian worldviews and
climate change skepticism. Moreover, our results emphasized the importance of
climate-related knowledge, even after controlling for cultural worldviews. Cultural
worldviews and knowledge seemed to be equally important to explain people’s level
of concern about climate change. Also, we found a significant interaction effect
between causal knowledge and individualism on public concern about climate change.
However, unlike in the study by Stevenson et al. (Stevenson et al., 2014), the
interaction in the present study was rather small, probably because we regressed
knowledge, cultural worldviews, and their interactions directly on concern about
climate change and did not use acceptance of human-caused global warming as a
mediator between knowledge, cultural worldviews, and risk perception of climate
change.

2.4.3! Limitations
Our study had a few limitations. Firstly, the generalizability of our results might be
limited to Switzerland, as the study was only carried out in this country. Although the
cultural worldviews have been found to significantly influence public concern about
climate change in the US (Kahan et al., 2012), this study and most of the other
previous studies were conducted in Western countries where people, to a certain
extent, share a similar cultural background and living habits. Moreover, an effective
policy measure in one country may be completely ineffective in another country, even
if the countries are neighbors (Nilsson et al., 2004; O'Connor et al., 2002). Therefore,
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the relationship between knowledge and cultural worldviews, as well as concern
about climate change and willingness to accept climate-friendly behaviors and
measures, should be investigated in other countries in further studies, for example in
Asia.
Secondly, there were still unexplained variances in the regression models. This may
imply that other factors, such as mainstream media coverage, social norms, emotions,
economic development, weather experiences, and other competing concerns, may also
be driving people’s concerns about climate change (Capstick & Pidgeon, 2013; Klima
et al., 2012; Poortinga et al., 2011; Scruggs & Benegal, 2012; Spence et al., 2011;
Weber, 2010; Wood et al., 2012), as well as their willingness to adjust behaviors and
to accept policy measures (Böhm & Pfister, 2000; Gadenne et al., 2011; Leiserowitz,
2006; Montada et al., 2007; Roeser, 2012; Smith & Leiserowitz, 2014). Hence, it
would be desirable for future studies to include other factors to characterize concern
about climate change, as well as willingness to change climate-related behaviors and
to accept policy measures. In addition, result-related knowledge in the present study
had a small, but negative, relationship with people’s willingness to change their
behavior. One plausible reason for this result could be that our results knowledge
items may have included natural consequences that were too catastrophic, which may
have resulted in a feeling of powerlessness among the participants (Kollmuss &
Agyeman, 2002; Nolan, 2010; Tobler et al., 2012a) and, therefore, a reluctance to
change behavior. It would accordingly be useful to measure result- related knowledge
compared to individual behavior in future research.

2.5! Conclusions
To conclude, this study contributes to a better understanding of the factors that
influence public risk perception of climate change, willingness to change behaviors,
and acceptance of policies to mitigate climate change. It is obvious that cultural
worldviews are difficult to change. Risk communication should therefore focus on
causal knowledge, which should be communicated in such a way that cultural values
are not threatened (Kahan et al., 2012). That is, people should be informed about
climate change by communicators with different cultural worldviews. This may result
in more effective communication, as the recipients are more likely to accept and trust
information from sources that share similar values (Siegrist et al., 2000). In addition,
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communicators should ensure that the conveyed knowledge is not in conflict with the
cultural worldviews of the recipients.
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3! Knowledge as a Driver of Public
Perceptions about Climate Change
Reassessed

Manuscript published as:
Shi, J., Visschers, V. H.M., Siegrist, M., & Arvai, J. (2016). Knowledge as a driver
of public perceptions about climate change reassessed. Nature Climate Change
6(8), 759-762.
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3.1! Introduction
It is intuitive to assume that concern about climate change should be preceded by
knowledge about its effects (Arvai et al., 2012; Walsh & Tsurusaki, 2014). However,
recent research suggests that knowledge about climate change has only a limited
effect on shaping concern about climate change (Kahan et al., 2012; Kellstedt et al.,
2008; Malka et al., 2009; Menny et al., 2011). Our view is that this counterintuitive
finding is a function of how knowledge is typically measured in studies about climate
change. We find that if it is measured in a domain-specific and multi-dimensional
way, knowledge is indeed an important driver of concern about climate change – even
when we control for human values. Likewise, different dimensions of knowledge play
different roles in shaping concern about climate change. To illustrate these findings,
we present the results from a survey deployed across six culturally and politically
diverse countries. Higher levels of knowledge about the causes of climate change
were related to a heightened concern. However, higher levels of knowledge about the
physical characteristics of climate change had either a negative or no significant
effect on concern. Efforts aimed at improving public knowledge about climate change
are therefore not the lost cause that some researchers claim they may be.

3.2! Main manuscript: Letter
As a cognitive perspective of risk perception and an important prerequisite to
facilitate behavior change (Sundblad et al., 2009), the extent to which knowledge
about climate change can explain and predict public perception of this risk has been
investigated in many previous studies (Bord et al., 2000; Helgeson et al., 2012;
Kellstedt et al., 2008; Menny et al., 2011; Milfont, 2012; Stevenson et al., 2014).
Most research, however, measured knowledge about climate change using a single,
self-assessed scale. A problem with subjective, self-assessed knowledge measures is
that they possess low validity because people often report more knowledge than they
actually have (Reser et al., 2012; Sundblad et al., 2009). Likewise, measuring
knowledge about complex topics with a single scale may fail to sufficiently reflect the
varied nature of underlying knowledge (Kaiser & Fuhrer, 2003; Tobler et al., 2012b).
As a result, it becomes difficult to study the effect of different types of knowledge on
public concern about climate change (Bord et al., 2000; Corner, 2012; Stevenson et
al., 2014).
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We assume here that salient information, as well as beliefs about climate change form
individuals’ attitudes—and also risk perception—about this issue. These attitudes and
perceptions may, in turn, influence intentions, which may result in more climatefriendly behaviors or higher levels of acceptance for climate-friendly policies (as
suggested in the theory of planned behavior) (Ajzen, 1991; Ajzen et al., 2011). We
acknowledge, however, that climate change is a highly complex phenomenon; it is a
function of multiple causes, presents different physical characteristics and
consequences that lead to a wide range of risks, and its management may involve a
wide range of adaptation and mitigation alternatives. For this reason, we see it as
crucial that studies of public knowledge about climate change focus on its different
aspects, specifically its physical characteristics, as well as its causes and
consequences. These three different types of knowledge have been found to be
directly related to concern about climate change in previous studies (Shi et al., 2015;
Tobler et al., 2012b).
Likewise, it is also critical that measures of knowledge account for respondents’
proficiency; in other words, the assessment of knowledge must use scales that clearly
and consistently differentiate between those people with less knowledge, and those
people with more. We therefore posit that a multidimensional and more accurate scale
to account for knowledge about climate change will lead to more informative
predictions about climate change risk perceptions. If we are correct, researchers will
be better able to determine which dimensions of knowledge shape public concern
about climate change, and which dimensions are less relevant in this respect.
Another prominent driver of risk perceptions regarding climate change is human
values. Various theories about values and worldviews have been proposed to explain
people’s risk perception. Examples are cultural theory (Douglas & Wildavsky, 1982)
and cultural cognition (Kahan et al., 2010), the theory of values (Schwartz, 1992), and
the values-beliefs-norms theory (Stern, 2000). Value orientations are akin to the
guiding principles in people’s lives (Schwartz, 1992), whereas worldviews reflect
people’s orientations towards different societal arrangements (Corner et al., 2014).
These two value measures have been applied alternatively to explain humans’ concern
about a wide range of environmental issues (Shi et al., 2015; Steg et al., 2012).
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Three broad value orientations have been found to be important in the formation of
perceptions regarding environmental risks: egoistic values, socio-altruistic values, and
biospheric values (Steg et al., 2012). Egoism refers to one’s degree of self-interest;
altruism to considering and being concerned about the welfare of others; and
biospherism to one’s view of the importance of nature and the environment around
them. In particular biospheric values appear positively correlated with risk
perceptions about climate change (Van der Linden, 2015). Also, people with
hierarchical and individualistic worldviews—i.e., those who identify with a strong
belief in the importance of authority and self-reliance—have been observed to
demonstrate lower levels of concern about climate change when compared with
individuals who identify more strongly with egalitarian and communitarian values
(Kahan et al., 2012).
Some research in which both knowledge and human values were related to
perceptions of climate change has led to a counterintuitive view compared to the
aforementioned theory about the role of knowledge in the development of public
concern about climate change4. In this work, general scientific knowledge appeared to
not be a robust predictor of perceived climate change risks; instead, risk perceptions
were found to be more heavily influenced by cultural worldviews. These are thoughtprovoking ideas and results. We could not help but wonder, however, if the manner in
which knowledge was being measured in these studies contributes to these findings.
To be clear, we agree that human values may influence both perceptions and
behaviors (Shi et al., 2015). However, we are skeptical about their ability to trump
public knowledge—particularly about climate change specifically—in such a
profound way (Guy et al., 2014).
With this as backdrop, the present study examined the extent to which knowledge
about climate change relates to concern about climate change. We agree with others
(Van der Linden, 2015, 2016) that a broad array of value orientations should be
investigated to ascertain their influence on perceptions of climate change, and that
systematic differences between values are best measured between countries (vs.
between individuals) (Oreg & Katz-Gerro, 2006). We therefore chose to investigate
people’s value orientations (i.e., altruism, biospherism, and egoism) in the current
cross-country study on concern about climate change and compared results across six
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countries: Canada, China, Germany, Switzerland, the United Kingdom, and the
United States.
We deployed an online survey in these six countries between November and
December 2014 (N = 2,495). A demographically weighted probability sample was
used in the US and Canada, and quota samples were used in the other four countries
with gender and age as quota variables. The survey sought to establish respondents’
climate change related knowledge; biospheric, altruistic, and egoistic value
orientations; level of concern regarding climate change; and a subset of demographic
variables (age, gender, and education level). We used three knowledge scales, which
addressed three aspects of climate change: the causes of climate change, the physical
characteristics of climate change, and the consequences of climate change. Each
knowledge scale consisted of four items, which were adopted from previous studies
(Shi et al., 2015; Tobler et al., 2012b) (Figure 3.1). Additionally, we conducted an
online study in Switzerland in September 2015 (N = 336) to confirm the main results
of the cross-country study and to examine the added value of self-assessed knowledge
and of the cultural worldviews scales (individualism-communitarianism, hierarchyegalitarianism) in explaining concern about climate change (see Supplementary
Information).
In the cross–country study, respondents seemed to be reasonably well informed about
climate change. For example, approximately 49% of all participants could correctly
identify the physical characteristics of climate change, 60% correctly answered all
questions about the causes of climate change, and 70% of respondents could correctly
identify the consequences of climate change (Figure 3.1; also see Supplementary
Information for a more detailed description of the knowledge scale and the results
from it).
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Figure 3.1. The items used to assess three kinds of knowledge concerning climate change,
their response distributions and scalabilities (Hi), and Loevinger’s scalability coefficient (H)
and reliability (ρ) of the scales.Note. * Item was reverse coded. ♯ Item was adjusted or newly
developed with respect to Tobler et al.
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We performed multiple regression analyses to examine the impacts of demographics,
knowledge, and value orientations on concern about climate change in each country
(Table 3.1). Overall, only a few demographic variables were significantly related to
public concern about climate change, and only in some of the countries. Specifically,
women were found to have more concern than men in Germany and in the UK. In the
UK, older adults tended to be less concerned about climate change compared with
younger people. Respondents who identified with stronger biospheric value
orientations were found to be more concerned about climate change across the six
countries. Identifying with egoistic and altruistic values, by contrast, was not
significantly related to concern about climate change in most of the countries. It might
be because the influence of climate change on individuals or humanity in general is
not as significant as its influence on ecosystem and biosphere.
Moreover, knowledge about the causes of climate change was correlated with higher
levels of concern about climate change in all countries. This may be because human
activities are related to the causes of climate change, which make people feel
responsible and, hence, more concerned about climate change. Higher levels of
knowledge about the consequences of climate change was linked to heightened
concern about climate change in most of the countries. Knowledge about the
consequences of climate change may remind people about the severe damage of
climate change and therefore makes the respondents more concerned about it. In
addition, knowledge about the physical characteristics of climate change tended to
dampen public concern. The result suggests that certain misbeliefs, for example,
about the properties of CO2 may lead to increased concern about climate change.
Different knowledge domains may, therefore, have different effects on people’s
attitudes towards climate change.
Further, in the additional Swiss study, we conducted two hierarchical regression
analyses to investigate the additional impact of cultural worldviews and self-assessed
knowledge respectively on concern about climate change (in addition to the effect of
value orientations and objective knowledge, which utilized the same regression model
as in the cross-country study; see Supplementary Information, Model 2).
Individualism had a small but significant effect on concern about climate change,
while hierarchical worldviews did not significantly explain concern about climate
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change (see Supplementary Information, Model 3[a]). Self-assessed knowledge was
not related to concern about climate change (Supplementary Information, Model
3[b]). These results from the additional Swiss study seem to reinforce our findings
about the impact of knowledge on concern about climate change in our multinational
study, after controlling for cultural worldviews and for value orientations.
In our research, by comparing countries with different cultural backgrounds and
political systems, we provide strong evidence that domain-specific and multidimensional measured knowledge about climate change is an important predictor of
cross-national public concern even when we control for different value orientations.
Importantly, our results show that not all dimensions of knowledge are important for
public concern about climate change and different types of knowledge have different
influences on public concern. Knowledge about the causes of climate change is
significantly related to public perceptions about climate change risks, while physical
knowledge either was not significantly related—or was negatively relate—to concern
about climate change. This particular result helps to account for why other studies
have not found a significant relationship between knowledge and public concerns
about climate change, and why they have concluded that the latter is instead more
tightly linked to values (Kahan et al., 2012; Kellstedt et al., 2008).
Further, our findings also reveal that it is worthwhile for researchers to carefully
develop and test domain-specific knowledge scales when studying a wide array of
risks, including climate change. Specific knowledge about climate change
significantly contributes to explaining public perceptions of climate change in
addition to value orientations. Our results also show that an objective measure of
knowledge appears more qualified than a subjective measure to explain climate
change concern.
Our findings further suggest that public education and risk communication efforts
regarding climate change may not be the lost cause that some researchers (and some
policy makers) assume they are. The emphasis on the causes (vs. the physical and
consequential dimensions) of climate change should be encouraged in risk education
and communication, whereas an emphasis on the physical characteristics about
climate change might backfire (leading to dampened public risk perceptions about
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climate change). Moreover, risk communication of this type should not disregard the
importance of individual values. Information that is respectful of biospheric values
may be especially important because people who identify strongly with them tend to
demonstrate greater concern about climate change in all the countries we surveyed.
Thus, if communication and education are based on carefully curated materials,
messages, and dialogues that do not violate individual values, public education and
risk communication may lead to greater concern about climate change.
To conclude, the results from this study support efforts by scientists and activists who
are attempting to present and communicate their information about climate change as
a means of raising public awareness and concern. Based on our findings, they should
continue their efforts, but with an emphasis on the causes of climate change. This, in
turn, may help people—and, hopefully, policy makers—to better address the risks and
consequences of climate change, and to gain support for mitigation policies.
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indicates the participants have received a university degree or higher (including Bachelor, Master, and PhD).

have received the degree of high school or higher but not yet a university degree (including high school, vocational school, college, and some university). High education

high school (including no education, primary school, secondary school, middle school, and some high school in different countries). Middle education indicates the participants

Notes. 95% CI = 95% confidence interval for B. *p < 0.05; **p < 0.01; ***p < 0.001.
♯
Dummy variable: 0 = female, 1 = male. !Dummy variable with high education as reference group. Low education indicates the highest degree participants received is below

F(df1, df2)

R2

0.37

Consequences
knowledge
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Causes knowledge

B
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[0.10, 1.22]
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-0.10

B

B

95% CI

China

Canada

Table 3.1. Regression analyses on public concern about climate change. For each of the six countries, a separate analysis was conducted.

3.3! Methods
3.3.1! Cross-country survey
Data collection. Data of our cross-country study were collected through an online survey
deployed between November and December 2014 in six countries (Canada, China, Germany,
the German speaking part of Switzerland, the United Kingdom, and the United States; N =
2,495). Internet panels from commercial companies were used for recruiting study participants
(Germany, Switzerland and the UK: Respondi AG, China: InterfaceASIA Holden, Canada and
the US: Insightrix Research Inc). The targeted sample size was 400 adults (over the age of 20)
in each country, and respondents were remunerated for their participation. Data from
respondents who did not complete the survey, or whose overall survey response time was less
than half of the median response time for all participants, were excluded from the analysis.
Gender and age were used as quota variables, and the six samples did not significantly differ
with respect to them. After data cleaning, the overall sample was 51.3% female (n = 1,279) and
48.7% male (n = 1,216), and respondents were roughly evenly distributed over five age
categories: 20-29 years old, 30-39 years old, 40-49 years old, 50-59 years old and 60 years old
or above. Respondents in the 20-29 years old category constituted the smallest portion of the
overall sample (17.9%, n = 446), while respondents over the age of 60 accounted for the largest
(22.1%, n = 551). In terms of respondents’ education level, the largest group had a high school
degree but not yet a university degree (53.2%, n = 1328), while only 243 respondents (9.7%)
did not finish high school (see Supplementary Information; Table 3.2 for the demographic
breakdown by country).
Instrument development. The knowledge scale used in this research was initially developed by
Tobler et al (Tobler et al., 2012b). We focused our attention on three dimensions: knowledge
about the physical characteristics of climate change, about the causes, and about the
consequences of climate change. A few items in the original knowledge scales were replaced
by new items to optimize the content of the three dimensions of knowledge. We selected a
subsample of four items from each of the original knowledge scales based on the items’
qualities, and on their contributions on public concern about climate change reported in
previous studies (Shi et al., 2015; Tobler et al., 2012b). This resulted in a total of 12 items
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(Figure. 3.1).
In the cross-country study, we measured respondents’ value orientations by using the egoism,
altruism and biospherism scales from De Groot and Steg (De Groot & Steg, 2007) (see
Supplementary Information; Table 3.3). We chose to investigate value orientations and not
cultural worldviews in our cross-country survey because the former are universally valid
whereas the latter is strongly linked to the US political system (Stevenson et al., 2014). We
therefore would have had to adapt the cultural worldview items in each country so that they
would make sense to its sample and it would not have been possible to compare the different
worldview scales between countries.
The questions dealing with respondents’ concern about climate change were also selected from
the previous studies (Shi et al., 2015; Tobler et al., 2012b) (see Supplementary Information;
Table 3.4). The survey was initially developed in English, translated into each language, and
then back translated into English (by the co-authors and by our survey partners in each
country) to ensure the correct interpretation of all items.
Data analysis. The scalability of the knowledge scales was determined using Mokken scale
analysis (Molenaar et al., 2000; Van Schuur, 2003). Mokken scale analysis is based on an
assumption of double monotonicity: first, items that are answered correctly by people with
little knowledge about climate change should also be answered correctly by people with
extensive knowledge, and second, respondents who are able to correctly answer difficult
questions should also be able to correctly answer the objectively easier items. Scalability was
measured using the Loevinger scalability coefficient, H, for the entire scale, and by calculating
Hi for each item; as such, H indicates the extent to which participants can be accurately ordered
by the suggested items, and Hi indicates the degree to which each item could be accurately
ordered by the respondents. It is generally accepted that H ≥ 0.40 and a reliability of ρ ≥ .60
suggest a scale with a sufficiently high scalability factor and good reliability. Further, the
findings that a Mokken scale can be constructed, and that the Hij coefficients are moderately
correlated are much better support for the reliability and homogeneity of multidimensional
scales than the results of a factor analysis (see the Supplementary Information, Section 3.4.2
for a more detailed explanation of the Mokken Scale Analysis; also see Figure 3.1). The
Mokken scale analyses were conducted in the software program MSP5 for Windows (Molenaar
et al.,
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2000).
In order to test the extent to which the knowledge scales—in addition to value orientations—
are related to concern about climate change, we conducted a linear regression analysis for each
country using respondents’ concern about climate change as a dependent variable. We included
demographic variables (age, gender, and education level), the three value orientations (egoism,
altruism, and biospherism), and the three types of knowledge (physical characteristics, causes,
and consequences of climate change) as independent variables. Interactions between the three
value orientations and the three types of knowledge were not included in the regression
analyses. We did not do this because we had no hypotheses about which value orientation
would mediate which type of knowledge. Consequently, we would have had to include nine
interaction terms in each of the six regression analyses and the probability that we found at
least one significant interaction among these 54 by chance would be large.

3.3.2! Additional Swiss survey
In the additional online study among a Swiss sample, the same Internet panel was used to
recruit a new sample (N = 336), with age and gender as quota variables. The sample had 49.7%
females (n = 167) and 50.3% males (n = 168), the youngest participants of the sample are 20
years old and the oldest ones are 78 years old. The average age of the sample was 44 years old
(SD = 13.91), which was slightly younger than the Swiss adult population (Swiss Statistics,
2012a). The same items were used to assess concern about climate change, objective
knowledge, and value orientations as in the cross-country survey. In addition, items to measure
self-assessed knowledge and cultural worldviews were included.
We measured the participants’ cultural worldviews by adopting the 12 – item scale from the
study of Kahan et al., (Kahan et al., 2012), (egoism-communitarianism, hierarchyegalitarianism) and slightly changed the items to better fit the Swiss society. All items were
assessed on six-point Likert scales ranging from 1 (“strongly disagree”) to 6 (“strongly agree”).
Participants were also asked to assess their level of knowledge about climate change on a 6point scale ranging between “very low knowledge” and “very high knowledge” (see
Supplementary Information, section 3.4.1).
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3.4! Supplementary information
3.4.1! Method and measures
Sample
In the cross-country study, the age of the participants ranged between 20 and 79 years, with
approximately 20% of the participants (n = 80) belonging to each age group among the
surveyed countries. Participants’ educational level was generally higher than the average, with
approximately 30% of respondents having received university degrees in Canada, Germany,
Switzerland, and the United Kingdom. Participants from China and the United States
possessing university degrees accounted for 57% and 37% of the samples, respectively (Table
3.2). In the additional Swiss study, the sample was similar with the cross-country study. About
20% of the participants were in each age group. 8% (n = 26) of the respondents fell into the
“low education” category and 22% (n = 74) people had a university degree (“high education”).
Table 3.2. Demographic characteristics of participants in the six different countries: Frequencies and
percentages are shown (gender and age were quota variables).
Canada

China

Germany

Switzerland

UK

US

(N = 426)

(N = 420)

(N = 421)

(N = 404)

(N = 401)

(N = 423)

n

%

n

%

n

%

n

%

n

%

n

%

Gender
male

205 48%

211

50%

208

49%

194

48%

197

49%

201

48%

female

221 52%

209

50%

213

51%

210

52%

204

51%

222

53%

20-29

68 16%

86

21%

83

20%

77

19%

69

17%

63

15%

30-39

77 18%

82

20%

77

18%

75

19%

74

19%

75

18%

40-49

95 22%

79

19%

86

20%

78

19%

79

20%

93

22%

50-59

89 21%

91

22%

85

20%

87

22%

85

21%

91

22%

60+

97 23%

82

20%

90

21%

87

22%

94

23%

101

24%

low

17

4%

24

6%

134

32%

34

8%

15

4%

19

5%

middle

294 69%

127

30%

153

36%

253

63%

253

63%

248

59%

high

115 27%

238

57%

123

29%

106

26%

111

28%

156

37%

Age

Education#

Notes. Totals of percentages are not 100 for every demographic characteristic and country because of
rounding and missing responses.
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#

Low education indicates the highest degree participants received is below high school (including no

education, primary school, secondary school, middle school, and some high school in different
countries). Middle education indicates the participants have received the degree of high school or higher
but not yet a university degree (including high school, vocational school, college, and some university).
High education indicates the participants have received a university degree or higher (including
Bachelor, Master, and PhD).

Knowledge scale
Our objective knowledge scale consisted of 12 items used in previous studies (Tobler et al.,
2012b) and had three subscales representing three different forms of knowledge: knowledge
about physical characteristics assessed fundamental knowledge about the physics underlying
climate change, knowledge about the causes of climate change measured the reasons that
climate change is happening, and knowledge about the consequences of climate change
included items about the different natural hazards and environmental effects of climate change.
Other authors discussed the relevance of procedural or action-related knowledge to explain
ecological behaviors (Kaiser & Fuhrer, 2003). Because procedural knowledge was not
expected to explain people’s perception of environmental issues (Shi et al., 2015; Tobler et al.,
2012b), this was not investigated in the current research.
Respondents answered each item with “true,” “false” or “don’t know.” The latter response
option was provided to avoid guesses from the participants. The wordings of the knowledge
items were carefully selected in order to avoid indicating the correctness of the statements.
Respondents’ answers on the knowledge scale were first reversed for knowledge items with
incorrect statements. Hence, the results indicated whether the answers were correct, wrong, or
whether the respondent did not know the answer. “Don’t know” answers were recoded as
wrong answers thereby allowing for an analysis of binary data (1 = “correct”; 0 = “wrong” and
“don’t know”).
In the additional survey in Switzerland, we also included a self-assessed knowledge measure.
Participants were asked to rate their level of knowledge about climate change on a 6-point
scale ranging between “very low knowledge” and “very high knowledge”.
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Value orientations and cultural worldviews
We adopted three general value orientations in the present paper from De Groot and Steg (De
Groot & Steg, 2007): 1) egoistic values reveal people’s desire for personal interests and
advancements; 2) altruistic values explore to what extent do participants care about the welfare
of others; and 3) biospheric values indicate whether people concern about the environment and
about supporting living organisms. The value items were assessed on a nine-point response
scales, ranging from -1 (“opposed to my values”), 0 (“not important“) to 7 (“extremely
important”). The reliability coefficients suggested three reliable scales (Cronbach’s αs ≥ 0.84,
Table 3.3).
Table 3.3. Value orientations: The items, their means, standard deviations, corrected item-total
correlations, as well as internal reliabilities, means and standard deviations of the scales of the crosscountry study.
Items per scale

M

SD

Corrected itemtotal correlation

Social power: control over others, dominance.

1.73

2.40

0.66

Wealth: material possessions, money.

3.06

2.07

0.63

Authority: the right to lead or command.

2.68

2.17

0.78

Influence: having an impact on people and events.

3.38

2.13

0.65

Equality: equal opportunity for all.

5.52

1.67

0.75

A world at peace: free of war and conflict.

5.87

1.56

0.76

Social justice: correcting injustice, care for the
weak.
Helpful: working for the welfare of others.

5.63

1.62

0.84

5.49

1.59

0.76

Preventing pollution: protecting natural resources.

5.57

1.59

0.86

Respecting the earth: harmony with other species.

5.67

1.58

0.91

Unity with nature: fitting into nature.

5.50

1.65

0.88

Protecting the environment: preserving nature.

5.75

1.53

0.89

Egoism (Cronbach’s α = 0.84, M = 2.71, SD = 1.81)

Altruism (Cronbach’s α = 0.90, M = 5.63, SD = 1.41)

Biospherism (Cronbach’s α = 0.95, M = 5.62, SD = 1.48)

In the additional study in Switzerland, we also measured participants’ cultural worldviews by
adopting the 12-item scale from the study of Kahan et al (Kahan et al., 2012). (egoismcommunitarianism, hierarchy-egalitarianism) and slightly changed the items to better fit the
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Swiss society (Shi et al., 2015). All items were assessed on six-point Likert scales ranging from
1 (“strongly disagree”) to 6 (“strongly agree”). The internal consistency of these two subscales
was fairly good, with Cronbach’s α = 0.77, N = 6 for the individualism dimension and
Cronbach’s α = 0.68, N = 6 for the hierarchy dimension.
Concern about climate change
We studied people’s concern about climate change using a scale consisting of four items taken
from previous research in the cross-country study (Shi et al., 2015; Tobler et al., 2012b) (see
Table 3.4). Participants rated their concern about climate change on these items on 6-point
Likert scales, with higher scores indicating more concern about climate change. The internal
reliability of the scale was high, Cronbach’s α = 0.94.
Table 3.4. Climate change concern: The items, their means, standard deviations, and
corrected item-total correlations in the cross-country study.
M

SD

Corrected
item-total
correlation

I worry that the state of climate is changing.

4.51

1.44

0.81

Climate change has severe consequences for
humans and nature.

4.94

1.28

0.85

Climate protection is important for our future.

5.07

1.28

0.88

We must protect the climate’s equilibrium.

5.01

1.29

0.88

Items

Scale’s Cronbach’s α = 0.94, M = 4.88, SD = 1.21

Likewise, we assessed people’s concern about climate change using the same approach in the
additional Swiss study (see Table 3.5). The internal reliability suggested a sufficiently good
scalability factor with Cronbach’s α = 0.90.
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Table 3.5. Climate change concern: The items, their means, standard deviations, and
corrected item-total correlations in the additional Swiss study.
M

SD

Corrected
item-total
correlation

I worry that the state of climate is changing.

4.42

1.31

0.75

Climate change has severe consequences for
humans and nature.

4.89

1.17

0.77

Climate protection is important for our future.

5.12

1.15

0.79

We must protect the climate’s equilibrium.

5.10

1.12

0.82

Items

Scale’s Cronbach’s α = 0.90, M = 4.88, SD = 1.04

3.4.2! Data analysis
Mokken scale analysis was conducted to test the quality of our knowledge scales. This method
is subject to stricter assumptions than reliability analyses based on Cronbach’s alpha (Van
Schuur, 2003); instead of assuming that all items have the same frequency distribution, a
Mokken scale analysis explicitly takes into account (1) the latent knowledge of respondents
about the subject of interest (i.e., climate change) and (2) key characteristics of the survey
items (question difficulty on our case). Not only can a Mokken scale analysis rank participants
according to their probability of positive responses (i.e., based on latent traits such as
knowledge), it can also scale items based on their probability of being answered correctly. One
of the important assumptions of a Mokken scale analysis is double monotonicity. Monotonicity
firstly means that the expected order of respondents should be monotonically non-decreasing
for each item. That is, the items that are responded to correctly by persons with little
knowledge should also be answered correctly by persons with more knowledge. Secondly, the
items should be monotonically ordered for each person: people who are able to correctly
answer the difficult questions should also respond correctly to the less difficult and easier
items.
In a Mokken scale analysis, scalability is measured by Loevinger's coefficient H for the entire
scale and Hi for each item i. The Loevinger scalability coefficient H indicates the extent to
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which respondents can be accurately ordered by the suggested set of items, while scalability
coefficient Hi indicates the degree to which each item could be accurately ordered by the
participants. Hi and H will take values between 0 and 1, and the larger the H and Hi values, the
higher is the confidence in this ordering. A scale with a set of items with H values between 0.3
and 0.4 is considered to be an acceptable scale. H = 0.4–0.5 indicates medium scalability, and
H = 0.5–1 suggests a strong scale. Concerning the individual items, the scalability coefficients
Hi for each individual item should be Hi ≥ 0.3.
The items kept in the knowledge scale were proved to be of good quality through the Mokken
scale analysis both in the cross-country study (see Figure 3.1) and the additional study. After
conducting the Mokken scale analysis, we summed the number of correct responses for each
respondent, for each of the three knowledge scales, and calculated the proportion of correct
responses for each type of knowledge to examine what kind of knowledge was more present
and which was less present in our participants. The three sum scores of the knowledge scales
were included in the regression analyses described below.
Further, in order to investigate the additional effects of knowledge on public concern about
climate change after controlling for demographics and value orientations, we conducted
hierarchical linear regression analyses with public concern as dependent variable in the crosscountry study. In Model 1, demographics, and value orientations were included as independent
variables. In Model 2, the three types of knowledge were added as independent variables. The
analysis was done for each country separately. In the main paper, we only reported the total
effects of these predictors (Model 2 only) on concern about climate change for each different
country (Table 3.1). Here, we also present the results of the hierarchical regression analyses
(Table 3.8).
In order to examine the country differences regarding the three types of knowledge about
climate change, a multivariate ANOVA was conducted (Field, 2013). We included education
level as covariate, country as independent variable (IV), and knowledge about physical
characteristics, knowledge about causes and knowledge about consequences as dependent
variables (DVs). Likewise, using MANCOVA, we examined countries that differed in terms of
the value orientations with egoistic value, altruistic value, and biospheric value as dependent
variables and country as independent variable, and education level as covariate. In addition, a
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one-way ANCOVA was conducted to illustrate the country differences on the concern about
climate change, with education level as covariate.
In the additional study in Switzerland, we conducted hierarchical linear regression analysis to
examine the impacts of cultural worldviews [Model 3(a)] and self-assessed knowledge [Model
3(b)]. With the concern about climate change as dependent variable, we included cultural
worldviews in Model 3(a) and self-assessed knowledge in Model 3(b) in addition to Model 2
with demographics, value orientations, and objectively measured knowledge.

3.4.3! Additional results
Different types of knowledge
According to the results in Figure 3.1, our respondents seemed to be reasonably well-informed
about climate change related questions. Specifically, in the cross-country study, within the full
sample of 2,495 people, average correct response constituted 49.2% for knowledge about the
physical characteristics, 59.7% for knowledge about the causes and 70.4% for knowledge
about the consequences of climate change.
The scale with four items about the physical aspects of climate change was acceptable, H =
0.41, Hi ≥ 0.27 and ρ = 0.57 (Figure 3.1). Respondents appeared least knowledgeable on this
dimension: more than half of the participants managed to respond correctly about how CO2 is
produced (item 1) and that CO2 is not harmful for plants (item 2), which accounted for 80%
and 56% correct responses, respectively. By contrast, few people knew about the CO2
emissions during the operation of nuclear power plants (item 3, 31% correct) and about the
comparison of environmental impact between CO2 and methane (item 4, 29% correct).
In addition, the four items that intended to assess respondents’ knowledge regarding climate
change causes formed a satisfactory one-dimensional scale, H = 0.42, Hi ≥ 0.38, and ρ = 0.56
(Figure 3.1). Most participants knew about the CO2 increase in the atmosphere (item 5, 83%
correct responses). Also, the items about the facts that human activities are responsible for
climate change and temperature increases in the past centuries were well known (item 6: 75%
correct on average and item 7: 64% correct responses). However, only 18% of the respondents
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knew about the changes in CO2 concentrations during the past centuries (item 8).
The four items about the consequences of climate change formed a reliable one-dimensional
scale with a Loevinger scalability coefficient of H = 0.41, the individual scalability coefficients
where Hi ≥ 0.37, and a reliability coefficient of ρ = 0.61 (Figure 3.1). Respondents were best
informed about the consequences of climate change. Most participants knew about the rising
see level (Figure 3.1, item 9) and the increase of extreme weather events (item 10), which
accounted for 90% and 89% correct responses, respectively. By contrast, participants seemed
to be less knowledgeable about the expected pattern in climate change (item 11) and
precipitation change (item 12), which made up 52% and 51% correct responses respectively.
In the additional Swiss study, the Loevinger scalability coefficients (H) and reliabilities (ρ) for
the three scales of knowledge about climate change were H = 0.43, ρ = 0.57 for knowledge
about physical characteristics; H = 0.48, ρ = 0.62 for knowledge about causes; and H = 0.50, ρ
= 0.62 for knowledge about consequences. The individual scalability coefficients (Hi) for each
item were above 0.40 in each knowledge scale. Consistent with the results of the cross-country
study, the proportions of correct responses for knowledge about the physical characteristics,
about the causes, and about the consequences of climate change were 50%, 59% and 75%,
respectively. Participants tended to report their own knowledge level about climate change as
moderate on a scale from 1 to 6 (M = 3.53, SD = 1.11).
Differences among countries regarding different types of knowledge
We examined the differences between the six countries for the three types of knowledge (Table
3.6). The MANOVA results indicated significant differences among countries on knowledge
about physical characteristics, causes, and consequences of climate change (see Table 3.6). To
be more specific, respondents from Germany and Switzerland had significantly higher scores
on knowledge about physical aspects of climate change than participants from Canada and the
US. Chinese respondents knew significantly more about the causes of climate change than the
respondents from the other countries. German and Swiss respondents were most
knowledgeable about the consequences of climate change. In contrast, participants from the US
had the lowest level of knowledge about climate change among the six countries we surveyed,
2

independent of the type of knowledge. The effect size (η ) suggested that the sample size used
in this study was sufficient to detect the significance (at p < 0.05) of country differences about
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climate change knowledge (Table 3.6) (Cohen, 2013).
Table 3.6. Knowledge about physical characteristics, causes, and consequences of climate change:
Means and 95% confidence intervals per country.
Physical knowledge

Causes knowledge

Consequences knowledge

M

95%CI

M

95%CI

M

95%CI

Canada

0.45b

[0.42, 0.48]

0.60b

[0.57, 0.62]

0.67b

[0.64, 0.69]

China

0.50a,b

[0.47, 0.53]

0.68a

[0.65, 0.71]

0.69b

[0.66, 0.71]

Germany

0.55a

[0.52, 0.57]

0.62b

[0.59, 0.64]

0.79a

[0.76, 0.81]

[0.50, 0.56]

0.61

b

[0.58, 0.63]

a

[0.75, 0.80]

0.58

b

b

[0.69, 0.74]

c

[0.59, 0.64]

Switzerland
UK
US
F(df1, df2)
η

2

0.53
0.49

a

a,b

0.45

b

[0.46, 0.52]
[0.43, 0.48]

0.52

c

[0.55, 0.61]
[0.49, 0.54]

0.77
0.71

0.61

7.59***(5, 2413)

16.64*** (5, 2413)

26.22*** (5, 2413)

0.02

0.03

0.05

Notes. Means with different superscripts within a column are significantly different from each other at p
< 0.05 (after Bonferroni correction). *** p < 0.001. Education level was included as a covariate.

Differences between countries regarding value orientations
In addition, differences between countries regarding the three value orientations were
investigated (Table 3.7). Results of the MANOVA suggested significant differences among
countries on egoism, altruism, and biospherism (see Table 3.7). More exactly, the participants
from China had significantly higher scores on egoism than the ones from other countries. They
were followed by people from Canada, the UK, and the US while German and Swiss
participants appeared to have least interest in self-importance and self-benefits.
Chinese and Swiss respondents were found to be most altruistic in our research. Respondents
from the United States, by contrast, found it least important to consider other people when
making decisions. Likewise, respondents from China and Switzerland reported significantly
higher biospheric values than the respondents from other countries.
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Table 3.7. Egoism, altruism, and biospherism: Means and 95% confidence intervals per country.
Egoism value

Altruism value

Biospherism value

M

95%CI

M

95%CI

M

95%CI

Canada

2.57b

[2.41, 2.73]

5.59a,b

[5.46, 5.72]

5.53b

[5.39, 5.67]

China

4.24a

[4.07, 4.41]

5.76a

[5.62, 5.91]

6.04a

[5.89, 6.19]

Germany

2.10c

[1.94, 2.26]

5.66a,b

[5.52, 5.80]

5.55b

[5.40, 5.69]

Switzerland

2.23b,c

[2.07, 2.39]

5.73a

[5.59, 5.87]

5.88a

[5.73, 6.02]

UK

2.66b

[2.49, 2.83]

5.66a,b

[5.52, 5.80]

5.51b

[5.37, 5.66]

US

2.54b

[2.38, 2.70]

5.40b

[5.26, 5.53]

5.28b

[5.14, 5.42]

F (df1, df2)

81.80*** (5, 2413)

3.59** (5, 2413)

14.17*** (5, 2413)

0.15

0.01

0.03

η

2

Notes. Means

with different superscripts within a column are significantly different from each other at p

< 0.05 (after Bonferroni correction). *** p < 0.001. Education level was included as a covariate.

Differences between countries regarding concern about climate change
A one-way ANCOVA revealed significant differences between countries about the concern
about climate change. As shown in Table 3.8, European respondents appeared to be rather
concern about climate change and Chinese participants were substantially more concerned
about climate change than people from the other countries. Participants from the US seemed to
be the least worried about climate change. The results seem to be in line with previous studies
(Bedford, 2015; Leiserowitz, 2006; Lorenzoni & Pidgeon, 2006).
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Table 3.8. Concern about climate change: Means and 95% confidence intervals per country.
Concern about climate change
M

95%CI

Canada

4.84b

[4.72, 4.95]

China

5.37a

[5.25, 5.49]

Germany

4.90b

[4.78, 5.01]

Switzerland

4.95b

[4.83, 5.06]

UK

4.78b

[4.66, 4.90]

US

4.51c

[4.39, 4.62]

F (df1, df2)

22.37*** (5, 2413)

η

2

Notes. Means

0.04
with different superscripts within a column are significantly different from each other at p

< 0.05 (after Bonferroni correction). *** p < 0.001. Education level was included as a covariate.

Hierarchical regression analyses on concern about climate change
According to the results of the hierarchical regression analyses of the cross-country study, the
introduction of demographics and value orientations in Model 1 was significant and explained
a great part of the variance (17%–34% explained variances) in concern about climate change
across the countries (Table 3.9). The inclusion of knowledge about physical characteristics,
causes, and consequences of climate change (Model 2) further increased the explained variance
of concern about climate change across the countries. That is, including the three types of
knowledge about climate change significantly improved the explained variance with 2% to
18% (Table 3.9). In China, different types of knowledge about climate change only marginally
improved the regression model with 2%, Fchange(3, 378) = 2.55, p = 0.056. A possible
explanation for this finding may be that the Chinese participants in general had a higher level
of knowledge about the causes of climate change than people from the other countries (Table
3.5), the inclusion of the three types of knowledge therefore did not additionally improve their
concern about climate change. In all six countries, the correlations between the three types of
knowledge were small (r < 0.4) and variance inflation factors (VIF) were slightly bigger than 1
(1.10 < VIF < 1.47), so that multicollinearity was not a concern (Cohen et al., 2003; Field,
2013).
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Table 3.9. Hierarchical regression analyses predicting public concern about climate change in the crosscountry survey.
Models and predictors per country R2

ΔR

2

F (df1, df2)

ΔF (df1, df2)

Canada
Model 1(without knowledge as

0.25

20.35*** (7, 418)

predictor)
Model 2 (with knowledge as

0.35

0.10

22.55*** (10, 415)

20.91*** (3, 415)

predictor)
China
Model 1

0.20

Model 2

0.22

13.54*** (7, 381)
0.02

10.35*** (10, 378)

2.55 (3, 378)

Germany
Model 1

0.21

Model 2

0.30

15.06*** (7, 402)
0.09

17.07*** (10, 399)

17. 45*** (3, 399)

Switzerland
Model 1

0.17

Model 2

0.35

11.22*** (7, 385)
0.18

20.42*** (10, 382)

34.94*** (3, 382)

UK
Model 1

0.34

Model 2

0.46

27.72*** (7, 371)
0.11

30.75*** (10, 368)

25.18*** (3, 368)

US
Model 1

0.29

Model 2

0.43

24.11*** (7, 415)
0.14

31.05*** (10, 412)

33.88*** (3, 412)

Notes. Model 1 included gender, age, dummy variables for low education vs. high education and for
middle education vs. high education, egoistic values, altruistic values, and biospheric values; Model 2
additionally included knowledge about physical characteristics, causes, and consequences of climate
change; *** p < 0.001.

In the additional Swiss study, the regression analysis with concern about climate change as
dependent variable, the introduction of cultural worldviews, in addition to demographics, value
orientations and three types of knowledge, slightly but significantly increased the explained
variance of the dependent variable with 6.9%. Individualism was negatively related to concern
about climate change while hierarchy had no significant relation (see Model 3(a) in Table
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3.10). Similarly, we included self-assessed knowledge after the demographics, value
orientations, and three types of knowledge. No significant impact of subjective measured
knowledge was found on concern about climate change (see Model 3(b) in Table 3.10).
Additionally, the main results remained the same after including cultural worldviews and
subjective measured knowledge at the same time (see Model 4 in Table 3.10).
In short, including cultural worldviews somewhat improved the model fit and therefore seem to
have a unique relation with concern about climate change, which is independent of the relation
between value orientations and concern about climate change. The additional explained
variance of cultural worldviews to the model is however not as large as that of the value
orientations and knowledge together (R2 = 0.35). It is thus likely that there is some overlap
between cultural worldviews and value orientations. Nevertheless, an interesting question to
address in a future study would be whether cultural worldviews are more important in
explaining public concern about climate change in some countries than in other countries.
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Table 3.10. Hierarchical regression analysis predicting public concern about climate change in the
additional Swiss survey.
Model 2
B
Gender

#

95%CI

Model 3(a)

Model 3(b)

Model 4

B

B

B

95%CI

95%CI

95%CI

-0.26* [-0.46, -0.06] -0.22*

[-0.42, -0.03] -0.26* [-0.46, -0.05] -0.22*

[-0.42, -0.03]

Age

0.00

[-0.01, 0.01] 0.00

[0.00, 0.01]

0.00

[-0.01, 0.01]

0.00

[-0.01, 0.01]

Low

0.06

[-0.33, 0.46] 0.26

[-0.12, 0.64] 0.06

[-0.34, 0.46]

0.26

[-0.12, 0.64]

0.08

[-0.15, 0.31] 0.17

[-0.05, 0.39] 0.08

[-0.15, 0.31]

0.17

[-0.05, 0.39]

0.02

[-0.04, 0.09] 0.00

[-0.06, 0.07] 0.02

[-0.04, 0.09]

0.01

[-0.06, 0.07]

-0.01

[-0.11, 0.09] -0.02

[-0.12, 0.09] -0.01

[-0.11, 0.09]

-0.02

[-0.12, 0.09]

education Ϯ
Middle
education

Ϯ

Egoistic
values
Altruistic
values
Biospheric

0.30*** [0.20, 0.40]

0.27*** [0.17, 0.36]

0.30*** [0.20, 0.40]

0.27*** [0.17, 0.36]

values
Physical

-0.08

[-0.44, 0.29] -0.05

[-0.40, 0.30] -0.08

[-0.45, 0.30]

-0.05

[-0.41, 0.30]

knowledge
Causes

1.00*** [0.64, 1.37]

0.84*** [0.49, 1.19]

1.00*** [0.64, 1.37]

0.84*** [0.49, 1.19]

knowledge
Result

0.35

[-0.06, 0.75] 0.36

[-0.03, 0.75] 0.35

[-0.07, 0.76]

0.36

[-0.03, 0.75]

knowledge
Individualism

-0.30*** [-0.40, -0.20]

-0.30*** [-0.40, -0.20]

Hierarchy

-0.03

-0.03

[-0.16, 0.10]

0.00

[-0.09, 0.09]

[-0.15, 0.10]

Self-assessed

0.00

[-0.10, 0.10]

knowledge
R

2

F(df1, df2)

0.35

0.42

0.35

0.42

17.40*** (10, 324)

19.28*** (12, 322)

15.77*** (11, 323)

17.74*** (13, 321)

19.02*** (2, 322)

0.00 (1, 323)

12.64*** (3, 321)

△F(df1, df2) N.A.

Notes. # Gender: 0 = female, 1 = male. Ϯ Dummy variable with high education as reference group.
* p < 0.05, ** p < 0.01, *** p < 0.001.
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Abstract
Solar radiation management (SRM) aims to counteract the negative consequences of global
warming, and has been recommended for deployment in the event that mitigation and
adaptation efforts appear insufficient. However, because the potential ecological and political
side effects of SRM are not well understood, and because SRM will cross national boundaries,
an international research perspective on the perception of this technology is required. We
conducted an online survey on the perception and acceptance of SRM in Canada, China,
Germany, Switzerland, the UK, and the US. Our findings confirmed the need for an
international perspective, as we found several cross-country differences. Chinese respondents,
for example, indicated greater acceptance for SRM than their North American and European
counterparts. Moreover, results of regression analyses on acceptance of SRM by country
revealed that lower acceptability ratings for SRM in Canada and Europe were mostly related to
stronger beliefs that SRM tampers with nature. Chinese respondents, by contrast, were more
accepting of SRM when they held stronger beliefs that it may reduce the motivation to adopt
burdensome climate change mitigation efforts. Although our research—and previous studies—
suggest that opposition to SRM remains, dismissing the technology entirely on these grounds
and without conducting a careful, cross-national decision-support process in support of a
international policy regime seems premature as people from countries that are less prepared to
mitigate and adapt to climate change seem to be more supportive of SRM.
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4.1! Introduction
Although a wide range of efforts are currently being undertaken to reduce the negative
consequences of anthropogenic climate change, these mitigation and adaptation strategies may
not succeed in time (IPCC, 2014). Large scale geoengineering efforts, specifically those
focused on carbon dioxide removal (CDR), have been suggested as a potentially viable strategy
to reduce the greenhouse gas (GHG) concentrations in our atmosphere without disturbing
natural systems (Crutzen, 2006; The Royal Society, 2009); as such, global warming may be
stopped at its roots.
However, a second category of geoengineering efforts—solar radiation management (SRM)—
is also receiving widespread attention. The technological aim of SRM is to reflect a proportion
of ultraviolet radiation—sunlight—back into space as a means to reduce the mean global
temperature of the Earth (The Royal Society, 2009). This can be achieved, for example, by
injecting sulfur particles into the stratosphere so that they may reflect a small but significant
(from a global warming standpoint) amount of sunlight.
SRM is more controversial than CDR due to the uncertainties and the side effects associated
with the technology (Bellamy et al., 2013; Pelley, 2009; The Royal Society, 2009; Vaughan &
Lenton, 2011). At the same time, SRM is already within the technological capabilities of many
countries, and may therefore be deployed relatively quickly and easily (Vaughan & Lenton,
2011). Likewise, many see SRM as attractive because its effects—lowering global average
temperatures and minimizing sea-level rise—will be more immediate than those associated
with CDR (Moore et al., 2010).
While there are indeed positive effects that could be gleaned from the deployment of SRM, our
view is that the broader public should be consulted with respect to the acceptability of SRM.
The basis for our recommendation is threefold: First, as we note above, the risks and potential
side effects—geographical and ecological—associated with SRM are not well understood
(Bahn et al., 2015; Moriarty & Honnery, 2015; Owen, 2011; Pelley, 2009). Second, SRM has
been demonstrated to evoke ethical debates about being a ‘moral hazard’ in that many
observers feel it may negatively influence people’s willingness to address the root cause of
climate change: GHG emissions (Corner & Pidgeon, 2014; Corner et al., 2012). And, third, a
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long-term commitment from the international community—and by extension, the global
pubic—will be needed for successful SRM deployment (Keith, 2010; Pelley, 2009; Pidgeon et
al., 2013).
In reviewing the literature on the social acceptability of SRM, we have found that the bulk of
the research devoted to public perceptions of geoengineering has been conducted in western,
industrialized countries (Winickoff et al., 2015); as we assert above, an international
perspective is needed on this issue. We therefore surveyed public perceptions of SRM in six
countries with distinct economic, political, and cultural backgrounds.
Previous studies in western countries revealed that awareness about geoengineering is
relatively low among the public (Corner & Pidgeon, 2014; Mercer et al., 2011; Merk et al.,
2015; Pidgeon et al., 2012). The majority of respondents had not heard about the technology,
and incorrectly associated it with geothermal energy (Pidgeon et al., 2012). Moreover, when
rather abstract descriptions of geoengineering technologies were given before people were
asked to indicate whether they would support these technologies evoked high numbers of
“don’t know” responses, implying that people were uncertain about how to respond (Bostrom
et al., 2012; Mercer et al., 2011; Pidgeon et al., 2012).
On the contrary, studies in which respondents were educated about the technology’s purpose,
its risks, benefits, and uncertainties showed that opinions about the technology typically were
largely negative (Macnaghten & Szerszynski, 2013; Merk et al., 2015; Pidgeon et al., 2013).
Providing people with information about SRM substantially increased their perceived risks,
and decreased their perceived benefits of SRM when compared to situations where no
additional information was provided (Sütterlin & Siegrist, in press). Likewise, respondents
tended to view SRM as unnecessarily risky (Amelung & Funke, 2015; Pidgeon et al., 2013), or
considered it only conditionally acceptable (Macnaghten & Szerszynski, 2013).
Higher levels of concern about climate change have been found to relate to higher support for
SRM (Mercer et al., 2011; Merk et al., 2015; Pidgeon et al., 2012). Similarly, greater
skepticism about climate change has been associated with lower support for SRM (Corner &
Pidgeon, 2014). Also, negative affective evaluations of climate change have been found to
relate to a more positive evaluation of SRM, but only among people who had not received
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information about SRM (Sütterlin & Siegrist, in press). Judging by previous work on climate
change (Dietz et al., 2007; Shi et al., 2016), a very important underlying predictor of people’s
concern about climate change are their values concerning nature. As we discuss below, many
people believe that SRM is unnatural as it interferes with natural processes. From this point of
view, we predict a negative relationship between support for SRM and concern about climate
change.
Previous studies also revealed that respondents were inclined to dismiss SRM on the grounds
that it interferes with natural processes (Corner & Pidgeon, 2014; Mercer et al., 2011; Merk et
al., 2015). This topic emerged spontaneously in each focus group discussion about SRM in a
UK study (Corner & Pidgeon, 2014). Respondents however used the concept ‘tampering with
nature’ in various ways: from disturbing the natural balance in the environment to seeing SRM
as a way to help nature. Hence, this construct cannot universally be considered as a negative
one from the standpoint of combating climate change.
Another recurring association with SRM in previous studies is the belief that it will lessen the
perceived need to adopt mitigation strategies that reduce carbon emissions. The latter are often
costly to adopt—financially and also from the standpoint of limiting many human comforts—
such that motivating consumers, policy makers, and producers to implement them may be
difficult. The more respondents believed that SRM is the easy way out, the less supportive they
were of SRM (Merk et al., 2015). Corner and Pidgeon found that respondents believed that the
argument that SRM was a moral hazard convincing against SRM (Corner & Pidgeon, 2014).
However, it had no effect on their overall support for SRM and only resulted in a stronger
belief that SRM would reduce the motivation of others to mitigate climate change. These
conflicting results suggest to us that the moral hazard argument warrants further examination.
Last, human values have also been shown to influence perceptions about geoengineering. For
example, results of focus group interviews suggested that support for geoengineering tends to
be higher among people with hierarchical values; i.e., the strong beliefs in stratified and clearly
defined social roles (Bellamy & Hulme, 2011). The same trend holds for people who highly
value personal achievements and personal gain; i.e., egoistic and self-enhancing value
orientations (Corner & Pidgeon, 2014). Those who believe strongly in equality—i.e.,
egalitarianism—by contrast, tend to oppose geoengineering (Bellamy & Hulme, 2011). Based
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on the fact that people from different countries are typified by different value profiles
(Hofstede, 2001), the latter should also explain cross-country differences regarding the
acceptance of SRM.
Values alone are unlikely to account for all of the differences between countries; as the
literature review above revealed, people also rely on other factors to determine their acceptance
of SRM and these factors and their relations with acceptance of SRM may differ between
countries. We therefore aimed to investigate the following two research questions. First, to
what extent does the perception of SRM differ between people from different countries?
Second, to what extent do (1) human values, (2) the belief that SRM tampers with natural
processes, (3) the notion of moral hazard, (4) perceived risks associated with SRM, and (5)
concern about climate change account for people’s acceptance of SRM in different countries?
We conducted an online survey to address these questions in Canada, China, Germany,
Switzerland, the United Kingdom, and the United States.

4.2! Methods
4.2.1! Procedure and sample
The online survey was conducted in Canada, China, Germany, Switzerland, the UK, and the
US between November and December 2014. Respondents were members of Internet panels of
different research companies: Respondi AG in Germany, Switzerland and the UK,
InterfaceASIA Holden in China, and Insightrix Research in Canada and the US. We applied
quota sampling on gender and age groups. In each country (N = 400), we sought an equal
distribution of men and women, as well as an equal distribution over five age categories (20%
of sample in 20-29 years; 30-39 years; 40-49 years; 50-59 years; and 60 years and older).
Respondents were remunerated for taking the time to complete the survey.
After data cleaning, the total sample consisted of 2,327 respondents (i.e., between 300 and 426
cases per country, see Table 4.3 of the Appendix). The overall sample consisted of 51% females
(n = 1,137) and 49% males (n = 1,190). Each of the age groups contained between 18% (n =
408) and 22% (n = 515) of all respondents. The majority of respondents possessed a medium
level of formal education (i.e., vocational or secondary school, 40%, n = 919), while 23% (n =
540) reported a lower education level and 37% (n = 861) of the respondents reported that they
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possessed a college or university degree.
The samples of the six countries were comparable in their age and gender distributions, but
differed on the distributions of education level (Table 4.3, Appendix). The Chinese sample was
more highly educated than the samples from the other five countries. Education level was
therefore included as a covariate in analyses that aimed to compare the participants from
different countries on their perceptions of SRM.

4.2.2! Questionnaire
The questionnaire was identical in all six countries. It was developed in English and then
translated into German (for Switzerland and Germany) and Chinese by the co-authors.
Respondents were first asked about their concern about climate change, to make sure that the
information about SRM would not affect their perception of climate change. The four items
were taken from previous studies (Shi et al., 2015; Tobler et al., 2012b), in slightly adapted
form (e.g., “I worry that the state of the climate is changing”) (Shi et al., 2016). The internal
reliability of the scale was very good (Cronbach’s α = .94, N = 4).
Because the public’s awareness of SRM was shown to be low in previous studies (Corner &
Pidgeon, 2014; Mercer et al., 2011; Merk et al., 2015; Pidgeon et al., 2012), respondents were
asked to read a short introduction about SRM: its aim, mechanisms, benefits, risks,
uncertainties, and sustainability (see Figure 4.1, Appendix). They then answered questions
dealing with their levels of acceptance and perceived risks of SRM, their belief that SRM
would alleviate the motivation to pursue climate change mitigation efforts (moral hazard), and
their feelings that deploying SRM would be tantamount to tampering with nature. We
developed new items to assess these four constructs (see Table 4.4, Appendix). Each construct
was measured with two items or more, which were assessed using 6-point Likert scales, with
higher scores indicating stronger agreement. The internal reliabilities of the four scales were
high (Cronbach’s α > .81, Table 4.4).
Additionally, we measured participants’ egoistic, altruistic, and biospheric value orientations,
applying the 12-item value orientations scale as used by de Groot and Steg (De Groot & Steg,
2008). Respondents were asked to indicate the importance of each value “as a guiding principle
in your live” on a 9-point scale ranging from -1 (opposing to my values), 0 (not important) to 7
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(extremely important). The internal reliabilities of the value scales were all found to be high
(egoism: Cronbach’s α = .84, N = 4, altruism: Cronbach’s α = .90, N = 4, and biospherism:
Cronbach’s α = .95, N = 4). The findings related to respondents’ concern about climate change
and value orientations are reported in detail in the Appendix and in (Shi et al., 2016). Last, age,
gender, and education level were assessed.

4.2.3! Data analysis.
The initial sample (N = 2,904) was cleaned as follows: first, respondents who did not finish the
questionnaire (except for education level) and who spent only a short time on the online survey
were deleted. That is, cases with a total time stamp that was shorter than half of the median
time stamp within each country were deleted (resulting in N = 2,419). Second, we removed
respondents who skipped the SRM text without reading it (resulting in N = 2,327).
We analyzed whether the samples from the six countries differed regarding their acceptance
and risk perception of SRM, beliefs relating to tampering with natural processes and to the
moral hazard of SRM by means of a Multiple Analysis of Covariance (MANCOVA).
Education level was included as a covariate in this analysis as the samples differed on this
demographic characteristic (see Appendix, Table 4.3).
Through the use of linear regression analyses, we investigated the extent to which demographic
characteristics (i.e., age, gender, and education level), value orientations, perceived risks,
beliefs that SRM tampered with nature and that it entails a moral hazard, and concerns about
climate change explained respondents’ acceptance of SRM. Linear regression analyses were
carried out for each country separately. The relationships between the acceptance of SRM and
each independent variable were compared between countries by comparing the 95%
confidence intervals. Non-overlapping confidence intervals between countries for the same
independent variable provided an indication that the strength of the relationship between the
independent variable and acceptance of SRM differed between these countries.

4.3! Results
Our results revealed relatively high levels of acceptance for SRM in all of the countries we
studied, especially China (Table 4.1). Respondents’ opinions of SRM differed significantly
between the six countries. Specifically, Chinese respondents consistently perceived SRM more
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favorably than respondents from other countries: acceptance of SRM was higher and the belief
that SRM tampers with natural processes was lower in China when compared to most of the
other countries surveyed. At the same time, the belief that the deployment of SRM constituted
a moral hazard was significantly higher in China than in the other five countries. In addition,
Canadian and US respondents reported significantly lower levels of acceptance—although still
above the midpoint of the response scales—than the Chinese, German and Swiss respondents
(Table 4.1). The Canadian sample also perceived greater risk from SRM than the samples from
China, Germany and Switzerland.
Table 4.1. Acceptance of SRM, perceived risks of SRM, tampering with nature and moral hazard of
SRM: Adjusted means and 95% confidence intervals (95% CI), per country.
Acceptance

Perceived risks

Tampering with

Moral hazard

nature
M

95% CI

M

95% CI

M

95% CI

M

95% CI

Canada

3.32d

3.21; 3.44

4.32a

4.21; 4.43

3.97a

3.85; 4.08

3.70b

3.57; 3.82

China

4.86a

4.72; 5.01

3.98b

3.85; 4.12

3.49b

3.35; 3.63

4.44a

4.28; 4.60

Germany

3.60b

3.49; 3.72

4.03b

3.92; 4.14

3.83a

3.71; 3.94

3.84b

3.71; 3.97

Switzerland

3.73b

3.61; 3.85

4.02b

3.91; 4.14

3.96a

3.85; 4.08

3.87b

3.73; 4.00

UK

3.63b,c

3.51; 3.76

4.19a,b

4.08; 4.31

4.04a

3.92; 4.16

3.73b

3.59; 3.87

USA

3.41c,d

3.30; 3.53

4.13a,b

4.02; 4.24

3.81a

3.69; 3.92

3.39c

3.26; 3.52

F(5, 2313)

65.39***

4.92***

8.52***

21.99***

η2

.12

.01

.02

.05

Notes. Education was included as covariate. All items were assessed on 6-point Likert scales; higher
values indicate stronger agreement. Means within the same column with different superscripts are
significantly different at p < .05. *** p < .001.

Regression analyses of the acceptance of SRM in each country using demographics and value
orientations as predictors resulted in significant models in all countries, Fs > 2.40, p < .05, with
the exception of Switzerland, F(6, 385) = 2.07, p = .06 (see Appendix, Table 4.7). Moreover,
demographics and value orientations explained a small to moderate proportion of the variance
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in acceptance of SRM. Having stronger egoistic values was consistently related to higher
acceptance levels, whereas altruistic and biospheric values only resulted in higher support for
SRM in some of the countries (see Appendix, Table 4.7).
The inclusion of the perception and belief constructs revealed six well-fitting and improved
models in all six countries (R2 > .33 and ΔR2s > .19, see Table 4.2 and Appendix, Table 4.8).
After controlling for value orientations, perceptions of higher risk associated with SRM,
coupled with stronger beliefs that SRM interferes with nature, were consistently associated
with lower levels of acceptance. On the other hand, greater concern about climate change and
believing more strongly that SRM would result in a moral hazard related to greater acceptance
of SRM in all countries (except for the non-significant relation between moral hazard and
acceptance in the Swiss sample). Tampering with nature was the most important predictor of
SRM acceptance in Canada, Germany, Switzerland, and the UK; by contrast, it was less
important in China (see the non-overlapping confidence intervals for this predictor in Table
4.2).
Moreover, egoism had remained a significant positive predictor of support for SRM, whereas
altruism only increased acceptance in Switzerland, the UK, and the US. However, the
relationships between altruism and acceptance, as well as the relationship between biospherism
and acceptance, were both relatively small (Table 4.2).
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95

-0.03

-0.02

0.27***

0.06

Age

Education

Egoism

Altruism

-0.08; 0.12

-0.04; 0.16

0.21; 0.32

-0.14; 0.10

-0.10; 0.05

-0.27; 0.11

2.38; 3.80

0.10

0.14*

0.11***

0.02

0.04

0.03

1.48**

-0.04; 0.24

0.01; 0.27

0.05; 0.17

-0.15; 0.18

-0.02; 0.11

-0.14; 0.20

0.57; 2.40

95% CI

0.09

0.07

0.10***

-0.04

0.03

-0.11

3.72***

B

Germany

-0.01; 0.18

-0.03; 0.17

0.04; 0.17

-0.17; 0.08

-0.05; 0.10

-0.31; 0.10

2.98; 4.46

95% CI

0.00

0.11*

0.10**

0.00

0.02

-0.20

3.52***

B

95% CI

-0.11; 0.12

0.00; 0.22

0.04; 0.16

-0.18; 0.18

-0.05; 0.10

-0.41; 0.01

2.71; 4.34

Switzerland

0.09

0.11*

0.18***

-0.10

-0.02

0.06

2.54***

B

UK

-0.01; 0.20

0.01; 0.20

0.12; 0.24

-0.21; 0.03

-0.10; 0.06

-0.14; 0.26

1.83; 3.25

95% CI

0.02

0.10*

0.25***

-0.13*

0.02

0.02

2.38***

B

USA

-0.07; 0.11

0.01; 0.19

0.19; 0.31

-0.25; -0.02

-0.05; 0.09

-0.17; 0.20

1.76; 3.01

95% CI

0.11; 0.31

0.16; 0.31

.41

20.04*** (10, 285)

0.21***

0.24***

0.11; 0.30

0.04; 0.20

.33

95

19.92*** (10, 397)

0.21***

0.12**

0.19; 0.40

-0.04; 0.13

.36

21.26*** (10, 381)

0.29***

0.05

0.18; 0.38

0.10; 0.26

.45

30.21*** (10, 364)

0.28***

0.18***

0.15; 0.31

0.14; 0.29

.47

36.47*** (10, 412)

0.23***

0.21***

-0.20; -0.01 -0.45*** -0.56; -0.33 -0.36*** -0.48; -0.24 -0.36*** -0.47; -0.24 -0.26*** -0.36; -0.16

Notes. # Gender: 0 = male, 1 = female; * p < .05, ** p < .01, ***p < .001.

.44

R2

0.15; 0.33

0.05; 0.19

32.27*** (10, 415)

0.24***

0.12***

-0.37*** -0.47; -0.27 -0.11*

F(df1, df2)

climate change

Concern about

Moral hazard

with nature

Tampering

Perceived risks -0.20*** -0.31; -0.09 -0.14** -0.24; -0.04 -0.22** -0.34; -0.10 -0.22** -0.35; -0.09 -0.19** -0.32; -0.07 -0.20*** -0.30; -0.11

0.02

-0.08

Gender#

Biospherism

3.09***

Constant

B

B

95% CI

China

Canada

Table 4.2. Results of the linear regression analyses on acceptance of SRM, per country.

4.4! Discussion and conclusion
Our findings showed that, primarily, the opinions of the Chinese sample differed significantly
from the other countries. Overall, Chinese respondents were more favorably disposed to SRM
and, at the same time, worried more that its deployment would hinder mitigation efforts aimed
at the root causes of climate change. We believe these findings to be a reflection of competing
concerns in China. On one hand, prioritizing continued economic growth is at odds with
reductions in industrial productivity and individual upward mobility. Consequently,
technologies such as SRM that address global warming without affecting GHG emissions may
be appealing. On the other hand, concerns in China about air quality and health may go handin-hand with concerns about emissions—which include GHGs—from industries and
automobiles (WHO, 2015; Yu, 2014). As such, it is conceivable that SRM is embraced because
it does not require structural changes that would affect the economy.
The two North-American countries included in our sample appeared to have a less positive
opinion of SRM than the two non-English speaking European countries and China. The former
were less supportive of SRM; Canadian respondents, in particular, perceived higher levels of
risks than the other countries. Because perceived risks of SRM was a substantial predictor of
acceptance, and because risk perceptions concerning SRM were higher in Canada compared to
the other countries, it seems likely that this explains the lower levels of support for SRM in
Canada. The US sample, by contrast, was less concerned about climate change compared to the
other samples (see Appendix, Table 4.6) and believed less strongly than others that SRM would
pose a moral hazard for climate change. Hence, American respondents may have been less
convinced of the need for a technology such as SRM to combat climate change and were,
therefore, less supportive of this technology.
More meaningful and practically relevant are the similarities—and not the differences—
between countries regarding the perception and acceptance of SRM; that is, the factors that
consistently predict acceptance of SRM across countries. The belief that the deployment of
SRM would interfere with nature was the strongest predictor of support for SRM in all
countries but China. Its strong relation with the acceptability of SRM does indicate that
emphasizing the artificiality of SRM is likely to solidify public opposition, independent of
individuals’ valuation of nature and the ecosystem. We thus generalized the finding that
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tampering with nature is a noteworthy factor in explaining public acceptance of SRM in
western countries (see Corner et al., 2013; Mercer et al., 2011; Merk et al., 2015). It is however
of less importance for the acceptability of SRM in a country like China.
Greater concern about climate change was also associated with greater acceptance of SRM in
all six countries, which is also in line with results of previous studies (e.g., Mercer et al., 2011;
Merk et al., 2015; Pidgeon et al., 2012). This finding implies that, as people are more worried
about the consequences of climate change, the perceived need for a wide range of strategies—
including SRM—for dealing with it is higher. Moreover, since biospherism was hardly related
to support for SRM, the suggestion that SRM would be less acceptable among people to whom
nature is very important was not proven. We discuss this finding in greater detail below.
Believing more strongly that SRM would pose a moral hazard did not shift perceptions of the
acceptability of SRM downward as we might have expected based on prior research (Corner &
Pidgeon, 2014; Merk et al., 2015), but upward in all countries but Switzerland. This is a
curious result, which requires further examination. It could be that concerns about the
consequences of climate change usurped similar concerns about moral hazard, perhaps because
people, including members of the scientific community, increasingly believe that drastic
measures to address global warming are needed to prevent irreversible effects of climate
change when other climate mitigation policies appear ineffective (Bostrom et al., 2012; IPCC,
2014).
Our data also suggested that respondents, regardless of country, who scored higher on the
egoism scale also were more accepting of SRM. This observation makes sense, in that people
who are more inclined to focus on themselves are generally less willing to change their
behavior in order to benefit others; because SRM is a technological (vs. behavioral) fix, it does
not require changes on a personal level.
Strong altruistic and biospheric values by contrast were less strongly associated with
acceptance of SRM. Only in China were stronger biospheric values associated with higher
levels of support for the deployment of SRM, which comes as a surprise since a central feature
of many discussions about the deployment of SRM deals with potentially risky side effects for
the environment (Keith, 2010) and biospherism is characterized by a sense of unity with nature
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(Dietz et al., 2007). People who align themselves with strong biospheric value orientations may
see SRM as not their first choice, but a possible back-up plan to save the environment in the
event that more ambitious mitigation strategies fail to address climate change mitigation.
It is convenient to draw the conclusion from our own data and prior research (Bellamy &
Hulme, 2011; Bostrom et al., 2012; Macnaghten & Szerszynski, 2013; Merk et al., 2015;
Pidgeon et al., 2013) that any plans to someday deploy SRM should be abandoned. However,
our research underscores the important fact that our samples did not altogether discard SRM
but seemed to view SRM as a somewhat acceptable and viable technological solution for
counteracting the negative effects of climate change. It is well known that economically
challenged nations do not have the same capabilities and opportunities, when compared to
highly industrialized countries, to limit or reduce their GHG emissions. Due to economic and
social inequalities, people from these countries perceive climate change as more dangerous
than do people living in more affluent countries (Lo & Chow, 2015). This lack of adaptive and
mitigative capacity in certain countries such as China may explain the more positive opinion of
SRM held there.
In our view, a more thorough cross-national survey of SRM-related perceptions is required
before policy-makers abandon the technology based on negative perceptions illuminated by
research in highly developed countries. In our view, it is of utmost importance that people from
countries that are not well prepared for climate change—and especially those who are likely to
bear the brunt climate-related extreme events such as droughts, floods, and severe storms—be
involved in these future studies.
It is our view that, beyond research focused on opinions about SRM, there is a growing need
for decision-making processes, which can be deployed as part of international deliberations,
that focus on informing tradeoffs between the risks and benefits posed by the technology.
Much like efforts which focus on supporting decisions about energy transitions (Arvai et al.,
2012; Bessette et al., 2014), policy makers—as well as advocates of SRM—must begin to
more meaningfully account for the objectives of different stakeholders as they evaluate their
positions on SRM. Because the effects of SRM will not respect international borders, it is
especially important that decision-making about SRM be an internationally inclusive and
collaborative affair, taken up by a body like the Conference of the Parties (COP), before any
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nation goes too far in terms of further developing the technology.
In the meantime, findings from our and others’ research also suggest some possibilities aimed
at raising people’s awareness about SRM. Pointing people to the risks of irreversible climate
change will increase support for SRM, even among people who feel that this technology
interferes with nature and to whom harmony with nature is important. Indeed, since the number
of people who report being very concerned about climate change has been low or decreasing in
some—mainly developing—countries since 2009 (Capstick et al., 2015), educational efforts
devoted to SRM may go hand-in-hand with risk communications aimed at raising awareness
about climate-related hazards.
The idea that SRM interferes with natural processes appeared to be a strong predictor of its
acceptance in the five Western countries. In a UK focus group study, the unnatural
characteristic of SRM remained present among the participants, even after comprehensive
information provision and discussion (Pidgeon et al., 2013). It may therefore be more fruitful
to focus in risk communications on the benefits of SRM for rapidly correcting and stabilizing
many of the negative—environmental, social, and economic—consequences associated with
climatic change (with some notable exceptions, such as ocean acidification). Moreover,
emphasizing the concrete benefits of a technology like SRM may help to counteract the
perceived risks of this technology (Finucane et al., 2000).
Two notable limitations of our study should be mentioned. First, we could only investigate a
limited number of countries and therefore only had one country with a non-western cultural
background and a developing economy. It is therefore unclear whether the outstanding
perception of SRM is particular for China or whether it can also be found in countries with a
similar economic and environmental situation. In other words, we agree with Winickoff et al.
(Winickoff et al., 2015) that research on the public perception of SRM, as well as about climate
mitigation strategies and other geoengineering technologies, should be expanded to other
developing and to development countries.
Second, our Chinese sample differed from the other ones with respect to its higher education
level. This was probably a result of the data collection method, namely an online survey.
Having access to the Internet is less common in China than in the other countries we sampled
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(International Telecommunication Union (ITU), 2014); this is probably due to the higher costs
of Internet access in China as a fraction of average income (The Internet Monitor, 2013).
Because income and education are generally positively correlated, members of Internet panels
have a higher average education level in China when compared to the other countries in our
research. However, it is important to note that we controlled for education level in all of our
analyses.
In the end, it is our position that, in spite of the steadily growing number of studies on SRM, it
is still too early for policy-makers to dismiss the technology on the grounds that the public
does not—or might not—accept it. Because the consequences—positive and negative—of
SRM will be felt globally, future work by researchers and decision-makers must do a more
thorough job of including viewpoints from different publics living in different countries.
Moreover, it will be important to not only investigate the cultural values of people in different
countries, but also to study psychological determinants—such as the perceived risks and
benefits, and its interference with nature—that seem to be directly relevant to individuals’
support for SRM.
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50-59

60+

19.3% (58)

34.5% (102) 62.8% (186)

64% (252)

26.9% (106)
42.1% (158) 28.8% (108) 29.1% (109)

8.6% (34)

32.3% (132) 37.4% (153) 30.1% (123)

2.7% (8)

χ2(5) = 168.06,
p = .001

χ2(5) = 0.87, χ2(5) = 4.23,

p = .97

p = .52

higher
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primary and/or secondary obligatory school years, medium: vocational and higher secondary school, higher: college and university.

lower: primary school, secondary school, vocational school; medium: high school, and college; higher: university. In Germany and Switzerland, lower:

medium: some technical school or college and completed technical or college diploma; higher: some university to completed university degree. In China,

Notes. # Education levels were coded as follows. In Canada, the UK and the US, lower education: from middle school or below to completed high school;

Statistics

medium

23.2% (99) 38.3% (163) 38.5% (164)

lower

Education level#

21.5% (91) 23.9% (101) 25.8% (109) 33.3% (141) 40.9% (173)

423

US

52.5% (222) 14.9% (63) 17.7% (75) 22% (93)

50.7% (190) 17.3% (65) 17.9% (67) 20.3% (76) 21.6% (81) 22.9% (86)

375

18.3% (72) 19.8% (78) 21.6% (85) 21.3% (84)

50.6% (207) 19.1% (78) 18.3% (75) 20.5% (84) 20.3% (83) 21.8% (89)

49.3% (148) 19.7% (59) 17.3% (52) 21.7% (65) 22% (66)

UK

409

Germany

40-49

18.1% (77) 22.3% (95) 20.9% (89) 22.8% (97)

30-39

51.3% (202) 19% (75)

300

China

20-29

Age groups

51.9% (221) 16% (68)

Females

Gender

Switzerland 394

426

N

Canada

country.

Table 4.3. Demographic characteristics of the samples of the six countries: Numbers represent percentages (and frequencies) per demographic group and

Samples

4.5.1   Method

4.5   Appendix

4.5.2! Materials

Figure 4.1. Information text about SRM presented to respondents at the beginning of the survey.
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Table 4.4. Questionnaire items per scale with their mean, standard deviation and corrected item-total
correlation (rpbis), as well as the internal reliabilities of the scales (Cronbach’s α).

SD

rpbis#

1.41

.72

3.95

1.39

.72

3.88

1.31

.66

I worry about the consequences for humans and for nature by 4.34

1.37

.74

1.35

.57

Items per scale

M

Acceptance of SRM (Cronbach’s α = .83, N = 2)
Solar radiation management (SRM) is an acceptable approach to 3.46
fight climate change.
Scientists should be allowed to experiment with and to study SRM.
Perceived risks of SRM (Cronbach’s α = .81, N = 3)
SRM would be harmful to the natural environment and to people.
implementing SRM.
I am concerned about that SRM would be misused and would harm 4.14
other countries.
Tampering with nature (Cronbach’s α = .88, N = 4)
SRM is contrary to nature.

4.00

1.37

.72

SRM technologies disturb the order of nature.

4.08

1.33

.79

Trying to influence the climate system by SRM reflects human 3.96

1.44

.75

3.41

1.44

.69

Implementing SRM would remove the motivation to use energy 3.75

1.45

.77

1.44

.77

arrogance.
Human’s goal to change the climate system by SRM is immoral.
Moral hazard (Cronbach’s α = .87, N = 2)
more efficiently.
Implementing SRM would decrease the motivation to reduce CO2 3.84
emissions.
Notes. All items were measured on 6-point Likert scales; higher values indicate stronger agreement. #
rpbis stands for the corrected correlation between the respective item and the full scale.

103

4.5.3! Results
Concern about climate change between countries
In addition to the analyses reported in the main paper, we examined whether the respondents
from the six different countries differed in their perception of climate change. Hence, we
conducted an ANCOVA on concern about climate change with country as independent variable
and education as covariate.
Respondents in all countries appeared rather concerned about climate change (i.e., all values
higher than 3.5, which is the midpoint of the 6-point Likert scale). Moreover, the results of the
ANCOVA showed that respondents from different countries varied in their concern about
climate change (Table 4.5). Chinese participants were significantly more concerned about
climate change than respondents from the other five countries. Respondents from the US were
significantly less concerned about climate change than those from the other countries. Overall,
one should note that the effect size of country and therefore the mean differences between the
countries were relatively small.

Table 4.5 Concern about climate change per country: Adjusted means and 95% confidence intervals.

M

95% CI

Canada

4.84b

4.72; 4.95

China

5.39a

5.25; 5.53

Germany

4.89b

4.77; 5.00

Switzerland

4.99b

4.83; 5.07

UK

4.77b

4.64; 4.89

c

4.39; 4.62

USA

4.51

F(5, 2313) = 27.76, p = .001, η2 = .04
Notes. Items were measured on 6-point Likert scales; higher values indicate more concern. Education
was included as covariate. Means with different superscripts differ significantly from each other at p <
.05.

Value orientations between countries
Also, in order to analyze whether the respondents from the six countries differed on their value
orientations, we conducted a MANCOVA with egoism, altruism, and biospherism as dependent
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variables, country as independent variable and education as covariate. Respondents from the
six countries differed significantly on their value orientations (Table 4.6). Chinese respondents
reported to be more egoistic than respondents from the other countries, whereas German and
Swiss respondents reported to be significantly less egoistic than their counterparts from the
other countries. Swiss and Chinese respondents indicated to be significantly more altruistic
than respondents from the US (Table 4.6). The altruism ratings from the Canadian, German,
and UK respondents did not differ significantly from those of the other countries. Biospherism
values were significantly higher among Swiss and Chinese respondents than among the
respondents of the other four countries (Table 4.6). The small effect sizes for country on
altruism and biospherism again indicate that the differences between the countries on these two
value orientations were not very large.
Table 4.6 Value orientations per country: Adjusted means and 95% confidence intervals.

Egoism
M

95% CI

Canada

2.56b

2.41; 2.72

China

4.22a

Germany

Altruism

M

95% CI

5.59a,b 5.45; 5.72

5.53b

5.39; 5.67

4.03; 4.42

5.83a

5.67; 6.00

6.13a

5.96; 6.30

2.03c

1.87; 2.19

5.64a,b 5.50; 5.78

5.53b

5.39; 5.67

Switzerland

2.19c

2.03; 2.36

5.72a

5.58; 5.86

5.87a

5.73; 6.02

UK

2.69b

2.52; 2.86

5.67a,b 5.53; 5.82

5.52b

5.37; 5.67

b

5.14; 5.42

USA

b

2.56

2.40; 2.71

M

Biospherism

95% CI

b

5.40

5.27; 5.54

5.28

F(5, 2313) 68.67***

3.89**

14.47***

η2

.01

.03

.13

Notes. Values were assessed on 9-point scales, ranging from -1 (opposing my values) through 0 (not
important) to 7 (very important). Education was included as covariate. *p < .05, **p < .01, ***p < .001.
Means with different superscripts within a column differ significantly from each other at p < .05.

Hierarchical regression analyses on acceptance of SRM
In the six hierarchical regression analyses on respondents’ acceptance of SRM, demographics
and the three value orientations were included at step 1, and perceived risks of SRM, the
beliefs that SRM would tamper with nature and that it would create a moral hazard, and
concern about climate change were added at step 2. Results showed that the models at step 1
were significant in each country (except for Switzerland) and explained between 3 and 22% of
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the variance of acceptance of SRM (see Tables 4.7 and 4.8).
From the demographics, only age and education level appeared related to acceptance of SRM
and only in a few countries. A higher age resulted in less support of SRM in the UK.
Additionally, a higher education level was associated with lower acceptance levels in the UK
and the US. Egoism was an important predictor of support for SRM in all six countries (Table
4.7). Biospherism and altruism, on the other hand, were only relevant for acceptance of SRM
in a few countries. Higher altruism related to more acceptance of SRM in China, Switzerland,
the UK and the US, whereas higher biospherism was only associated with more support for
SRM in China and the UK.
The inclusion of the perceived risks of SRM, concern about climate change, and the beliefs that
SRM tampers with nature and that SRM creates a moral hazard resulted in significantly higher
explained variances in all six countries at step 2 (ΔR2s between .19 and .33, see Table 4.8). The
factors that are directly related to the perception of SRM thus have a great added value in
explaining people’s acceptance of SRM.
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-0.03

-0.08

Age

Education

-0.09; 0.15

-0.18; 0.19

-0.04; 0.11

-0.14; 0.24

0.60; 2.41

95% CI

0.02; 0.34

0.04; 0.33

.22

13.46*** (6, 289)

0.18 *

0.19 *

0.12 *** 0.06; 0.19

0.00

0.03

0.05

1.51 **

B

China
95% CI

-0.05; 0.17

-0.06; 0.17

0.04; 0.19

-0.23; 0.07

-0.04; 0.13

-0.31; 0.16

.04

2.40* (6, 401)

0.06

0.06

0.11 **

-0.08

0.04

-0.08

2.53 *** 1.71; 3.35

B

Germany
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Notes. # Gender: 0 = male, 1 = female; *p < .05, **p < .01, ***p < .001

.14

11.22*** (6, 419)

F(df1, df2)

R

0.03

Biospherism

2

0.05

Altruism

-0.08; 0.17

0.27 *** 0.20; 0.34

Egoism

-0.23; 0.07

-0.12; 0.05

-0.27; 0.20

-0.03

Gender#

95% CI

2.17 *** 1.37; 2.97

B

Canada

Constant

country.

95% CI

-0.16; 0.10

0.01; 0.28

0.02; 0.17

-0.17; 0.27

-0.05; 0.13

-0.26; 0.25

.03

2.07 (6, 385)

-0.03

0.15 *

0.09 *

0.05

0.04

-0.01

2.38 *** 1.45; 3.30

B

Switzerland

95% CI

0.13
-0.20; -0.01 -0.03

-0.14; 0.33

0.06; 0.29

0.04; 0.26

.19

14.57*** (6, 368)

0.18 **

0.15 *

0.20 *** 0.13; 0.27

95% CI

USA

-0.01; 0.19

0.05; 0.26

.23

20.69*** (6, 416)

0.09

0.16 **

0.26 *** 0.20; 0.33

-0.30; -0.02

-0.11; 0.05

-0.09; 0.36

1.32 *** 0.64; 2.00

B

-0.19 ** -0.34; -0.05 -0.16 *

-0.11 *

0.09

1.54 *** 0.75; 2.33

B

UK

Table 4.7 Results of the first step of the hierarchical linear regression analyses (demographics and value orientations only) on acceptance of SRM, per

Table 4.8. Model statistics of the hierarchical linear regression analyses on acceptance of SRM, per
country.

Step 1: demographics and

Step 2: perception constructs added

value orientations
F (df1, df2)

R2

F (df1, df2)

Fchange (df1, df2)

ΔR2

Canada

11.22*** (6, 419)

.14

32.27*** (10, 415)

55.15*** (4, 415)

.30

China

13.46*** (6, 289)

.22

20.04*** (10, 285)

23.58*** (4, 285)

.19

Germany

2.40* (6, 401)

.04

19.92*** (10, 397)

44.63*** (4, 397)

.30

Switzerland 2.07 (6, 385)

.03

21.26*** (10, 381)

48.51*** (4, 381)

.33

UK

14.57*** (6, 368)

.19

30.21*** (10, 364)

43.56*** (4, 364)

.26

US

20.69*** (6, 416)

.23

36.47*** (10, 412)

46.55*** (4, 412)

.24

*p < .05, **p < .01, ***p < .001.
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Abstract
In contemporary society, the impact of food production and consumption on climate change is
increasingly important. Food production and consumption result in large greenhouse gas
(GHG) emissions and thus have a large environmental impact. To positively influence
consumers in reducing their food related climate impact, it is important to understand their
perception of the climate impacts related to food products. We conducted five online
experiments to better understand how laypersons assess the climate impact of various foods. In
each experiment, one or two characteristics of the food products were varied to find out
whether and how these characteristics affected people’s climate-impact estimations. We
investigated the influence of different types of meat, protein-rich products, and vegetables with
varying production practice, country of origin, transportation mode and seasonality. The results
showed that participants were able to correctly order foods’ climate impact based on the type of
food, its country of origin, its transportation mode and its season, whereas they were less
knowledgeable of the extent to which the food products differed in their climate impact.
Further, some misconceptions were found: people tended to underestimate the climate impact
of organic and national produced meat products and of vegetarian protein-rich products;
consumers seemed to rely on the country of origin to estimate the climate impact of vegetable
products rather than on their transportation modes; and they did not seem to consider the
interaction between seasonality and origin in the climate impact estimations of vegetables. We
therefore suggest that better communication with consumers about the climate-impact of food
products is needed to motivate them to make climate-friendly food choices.

110

5.1! Introduction
Over the past years, the demand for food products has been increasing worldwide because of a
rapidly growing urban population and rising income levels (Kearney, 2010; Satterthwaite et al.,
2010; Tilman et al., 2011). How to motivate the public to reduce their food-related climate
impact is therefore increasingly important (Edenhofer et al., 2014; Foley et al., 2011; Gerber et
al., 2013; Jungbluth, Büsser, et al., 2012; Leip et al., 2010; Steinfeld et al., 2006; Stoessel et al.,
2012; Tilman & Clark, 2014). It has been suggested that consumers can reduce their foodrelated climate impact through reducing their meat consumption; preferring protein products
with relatively low carbon emissions (e.g., plant-based proteins or poultry); and buying
organic, seasonal, and local fruits and vegetables (Hedenus et al., 2014; Jungbluth, Itten, et al.,
2012; Stoessel et al., 2012). Some experts, however, indicated that people do not have
sufficient knowledge and therefore need decision aids—such as eco-labels and smartphone
apps—to assist them in making more sustainable food decisions (Head et al., 2014; Thrane et
al., 2009). Moreover, technical information about the CO2 emissions of food products is too
difficult for consumers to understand (Head et al., 2014). The knowledge of experts should
therefore be transformed into specific behavioral recommendations (Jungbluth, Itten, et al.,
2012). Further, it has been found that laypersons tend to use a limited number of criteria, which
may be biased when compared to the experts’ opinions, to evaluate the environmental impact
of food products (Hartikainen et al., 2014). For instance, consumers were found to
overestimate the environmental impacts of packaging, transport distance and conventionally
produced food products. In contrast, they underestimated the environmental influence of meat
and animal products, transport mode, and organic products (Hartikainen et al., 2014; Lea &
Worsley, 2008; Truelove & Parks, 2012). Consequently, consumers may rely on irrelevant
criteria and therefore fail to accurately estimate the climate impact of their food.
However, few studies have investigated how consumers perceive the climate impact of food
products and which criteria they use to estimate it. We therefore aimed to investigate
consumers’ perception of greenhouse gas (GHG) emissions of various food products and
identify which criteria can predict their estimations. Consumers’ climate-impact estimations of
three types of foods were investigated: meat, alternative protein-rich foods (e.g., cheese), and
vegetables. Below we explain which product characteristics were investigated and why they
were chosen. We further indicate how we examined these criteria in the presented five
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experiments and their expected influences on people’s estimation of climate impact.

5.1.1! Meat: Type of animal, production method and country of origin
As an important provider of proteins in the human diet, meat products have been associated
with high GHG emissions (Hedenus et al., 2014). The United Nations Environment Program
(UNEP) indicated that animal husbandry in general is responsible for approximately 18% of
the global GHG emissions (Steinfeld et al., 2006), which has also been illustrated in other
major life cycle analysis (LCA) studies (Anderson et al., 1995; Leip et al., 2010). In addition,
meat from various types of animals highly differs in its environmental impact; red meat, such
as beef and lamb, has been found to produce about 150% more GHG emissions than fish and
white meat, such as chicken (Hoolohan et al., 2013; Weber & Matthews, 2008).
Additionally, previous studies have shown that consumers regard reducing meat consumption
as one of the least influential and beneficial behaviors to mitigate climate change (Tobler et al.,
2011a; Truelove & Parks, 2012). Individuals do not seem to link meat products with climate
impact (Lea & Worsley, 2008). Some scholars have argued that people tend to be more
concerned about the health benefits than about the climate impact of meat products
(Macdiarmid et al., 2016). Specifically, people seemed more interested in information about
their production practice (e.g., organic vs. conventional) and country of origin of meat products
than about the GHG emissions (Pouta et al., 2010). However, few studies have investigated
consumers’ climate-impact evaluations of meat by systematically varying the product’s
relevant environmental impact criteria. Therefore, in Experiment 1, we investigated whether
participants could differentiate among the climate impacts of different types of meat (i.e.,
chicken, pork, and beef) and to what extent their estimations of climate impact were influenced
by the different production practices (i.e., organic vs. conventional). To prevent that their
estimation was influenced by other meat products and production practices, each respondent
evaluated only one product in Experiment 1 (i.e., a between-subjects design).
Avoiding food products that are transported over a long distance (i.e., mostly fresh foods that
come from overseas) has been recommended as another measure to reduce the GHG emissions
of food products (Jungbluth, Itten, et al., 2012). In previous studies, people estimated that
consuming locally and nationally grown food products had relatively high environmental
benefits (Lea & Worsley, 2008; Tobler et al., 2012a). The first aim of Experiment 2 therefore,
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was to examine to what extent the country of origin influences the climate impact evaluation of
meat products and whether the effect of country of origin differed among three types of meat
(i.e., chicken, pork, and beef).
In addition, previous studies have found that jointly presenting two references is helpful for
consumers to make better evaluations than presenting references separately (Hsee, 1996;
Visschers & Siegrist, 2009). The second aim of Experiment 2 was therefore to investigate how
participants differentiate among the climate impacts of various meat products in a withinsubjects design, with other types of meat as references.

5.1.2! Different types of protein-rich products
Nonmeat protein-rich foods and white meat have been suggested as substitutions for red-meat
products to provide a healthier and an environmentally-friendlier diet (Nijdam et al., 2012; Pan
et al., 2012). However, according to previous LCA studies, not all nonmeat protein-rich
products result in lower GHG emissions compared to meat products. For instance, 100g of hard
cheese is associated with larger GHG emissions than 100g of chicken (Nijdam et al., 2012;
Tukker & Jansen, 2006). It is, however, plausible that consumers assume that all vegetarian
foods, such as cheese, are more climate friendly than meat products because they might not be
aware of the amount of milk needed for cheese production, which thus causes a relatively high
climate impact (Nijdam et al., 2012). How individuals differentiate among the climate impacts
of different protein-rich products was therefore investigated in Experiment 3.

5.1.3! Vegetables: Country of origin, mode of transport and seasonality
Further, we were interested in consumers’ climate-impact estimations of vegetables as
vegetables have been found to account for a considerable amount of the total food intake
worldwide (Juraske et al., 2009; Stoessel et al., 2012). Transportation mode, transportation
distance, and seasonality of vegetables have been indicated to be relatively important to
determine their amount of GHG emissions (Meisterling et al., 2009; Sim et al., 2007).
Consuming local vegetables has been recommended as being a more environmentally friendly
choice because long transportation distances are avoided, especially air transportation
(Jungbluth, Büsser, et al., 2012). In contrast to the LCA results, consumers seem to focus on
the climate impact of transport distance and neglect the effect of transport mode (such as by
airplane or ship) on the climate impact of some vegetables (Tobler et al., 2011b). It is still
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unknown to what extent people are able to estimate the climate impact of various vegetables
and which factors are most important for them in these estimations. In Experiment 4, we
therefore investigated how consumers perceive the climate impact of vegetable products with
different countries of origin and different transportation modes. In addition, we examined
whether consumers rely more on the country of origin or on the transport mode to evaluate the
climate impact of vegetables. Asparagus were chosen because oversea countries (e.g. Peru) use
different transportation modes to export them to Switzerland (Stoessel et al., 2012). We used a
between-subjects design because the asparagus from Peru and the asparagus from Switzerland
are unlikely to be simultaneously present in a real purchase situation. The asparagus from Peru
are usually in shops few weeks earlier than the asparagus from Switzerland.
Finally, the seasonality of vegetables has been suggested as an important determinant of their
climate impact. Nonseasonal fruits and vegetables are grown in greenhouses that are often
heated with fossil fuels causing GHG emissions in Switzerland (Jungbluth, Büsser, et al., 2012;
Jungbluth, Itten, et al., 2012). For consumers however, it is difficult to identify which foods are
seasonal and which are not (Brooks et al., 2011). In addition, consumers’ preference for
seasonal foods is mainly attributed to the foods’ perceived health benefits rather than
consumers’ concern about the foods’ environmental impact (Meisterling et al., 2009; Tilman &
Clark, 2014; Tobler et al., 2011a). Again, few studies have investigated the public’s perception
about climate impact pertaining to seasonality of specific vegetable products or how consumers
rate the climate impact of vegetables in relation to their seasonality and to their country of
origin as well as different combinations of seasonality and country of origin. Hence, the aim of
Experiment 5 was to investigate whether consumers consider the higher climate impact of
nonseasonal vegetables compared to seasonal vegetables and whether consumers rely more on
country of origin or on seasonality to evaluate the climate impact of vegetables.
Bell peppers were chosen in Experiment 5 because they are imported from oversea countries
(e.g. Morocco) when they are still off-season in Switzerland and their production in
Switzerland requires greenhouse heating in winter. Again, each respondent evaluated only one
vegetable to avoid being exposed to contradicting information about seasonality and country of
origin (i.e., a between-subjects design).
In sum, the research questions in the current paper are the following:
1) If relevant, how does the type of meat and its production method influence consumers’
evaluation of the associated climate impact? Is there a difference in these estimations when
consumers evaluate one meat product at a time or different meat products simultaneously?
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2) How does the country of origin influence the perceived climate impact of meat products,
nonmeat protein-rich products, and vegetable products?
3) How do seasonality and transportation mode influence the perceived climate impact of
vegetable products?

5.2! Methods
5.2.1! Sample and setting
The five experiments were conducted among a sample of adults from the German-speaking
population of Switzerland between March 2015 and April 2015. We sent an email with an
invitation and a link to the online study to all selected participants, who were members of our
ETH Internet panel. In total, 304 respondents participated. The final sample of the present
study consisted of 226 participants, after deleting double cases, participants who had not
completed a minimum number of questions of the study (i.e., the demographic information and
Experiment 1) of the study, and those who provided almost only extreme responses (i.e., more
than 80% of the responses were exactly 0, 50 or 100 on the scales ranging from 0 to 100).
The final sample included 63% men (n = 143) and 37% women (n = 83). The age of the
participants ranged from 20 years to 85 years with an average age of 59 years (SD = 12.74).
Twenty-seven percent of the participants (n = 62) had a university or college degree, 36% had
achieved vocational school or a higher level of a high school (n = 82), and 36% had finished
only the obligatory school years (n = 82). The average meat consumption reported in the
current study was between two and three times per week and between four and six times per
week (M = 4.29, SD = 1.08), and 11.7% ate meat once a week or less than once a week. The
average meat consumption of the sample, therefore, seemed to be less than the meat
consumption of an average Swiss person (Bundesamt für Statistik 2014). Among all the
participants, 2.8% were vegetarian or vegan.

5.2.2! Procedure and materials
Five experiments were designed for the current online survey. In each experiment, one or two
characteristics of the food products were varied. The characteristics were chosen based on their
assumed influence on public perception of climate impact and on their importance—as
indicated by experts—for reducing the climate impact of food production and consumption.
The participants rated each product on its impact on the climate on a scale from 0 to 100,
thereby comparing it with two references: a similar product with the smallest impact on the
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climate and a similar product with the largest impact on the climate (see Figure 5.1).

Figure 5.1. Example given to participants to explain how to estimate the climate impact of food
products

After reading the general survey instructions, participants at first had to provide basic
demographic information and to read the example about how to estimate the climate impact of
food products (see Figure 5.1). Participants were then invited to participate in Experiment 1. To
be more specific, all participants were randomly assigned to evaluate the climate impact of one
of six meat products, which differed on type of meat and production method (i.e., a betweensubjects design, see Table 5.1). After that, participants were split into two groups: Group 1
completed Experiment 2, and Group 2 completed Experiment 3. In Experiment 2, participants
compared the climate impact of chicken, pork, and beef from Switzerland, Great Britain, and
Brazil in a within-subjects design (i.e., each respondent evaluated the climate impact of nine
different meat products). In Experiment 3, participants estimated the climate impact of six
protein-rich products (e.g. meat, cheese and lentils) in a within-subjects design. Subsequently,
all participants reached Experiment 4, in which they were randomly invited to evaluate the
climate impact of one of four types of asparagus: from Switzerland without transportation
information, from Peru without transportation information, from Peru by ship, or from Peru by
airplane (i.e., one of four types of asparagus). In Experiment 5, participants were randomly
requested to evaluate one of six types of bell peppers that came from either Switzerland, the
Netherlands, or Morocco and were produced either in August or in February. Last, participants
reported their weekly meat consumption.
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Table 5.1 Overview of the experiments with sample size, independent variables, design and products

Experi
ment

1

2

n

226

113

Independent variable 1 Independent variable 2 Design

Production practice:

Type of meat: beef vs. Between-

organic vs. conventional pork vs. chicken

subjects

Origin: Switzerland vs. Type of meat: beef vs. WithinGreat Britain vs. Brazil pork vs. chicken

subjects

Products
Meat products:
beef, pork,
chicken
Meat products:
beef, pork,
chicken
Protein-rich

3

113

Type of protein-rich

Within-

products

subjects

products: beef,
chicken, hard
cheese, tofu, egg,
lentils

Origin and mode of
4

226

transportation: from

Between- Vegetable:

Switzerland, Peru, Peru

subjects

asparagus

by ship, Peru by plane
5

226

Origin: Switzerland vs. Seasonality: February

Between- Vegetable: bell

Netherland vs. Morocco vs. August

subjects

peppers

5.3! Results and discussions
5.3.1! Experiment 1: Production practice and type of meat
To investigate whether participants could differentiate among the climate impacts of different
types of meat and to what extent their estimations of the climate impact were influenced by the
different production practices, a 2 (production practice: organic vs. conventional) × 3 (type of
meat: chicken, pork or beef) between-subjects design was applied in Experiment 1. We found
significant main effects of production practice, F(1, 220) = 3.94, p = .05, η2 = .02, and of meat
type on perceived climate impact, F(2, 220) = 3.56, p = .03, η2 = .03. The interaction effect
between production practice and meat type was not significant, F(2,220) = 2.80, p = .06, η2
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= .03. Post-hoc comparisons with Bonferroni correction for production practice showed that
organic meat was regarded to have a significantly smaller impact on the climate (M = 41.67, SE
= 2.20) than conventional meat (M = 47.86, SE = 2.21). In addition, participants perceived a
significantly larger climate impact from beef (M = 46.62, SE = 2.66) and pork products (M =
48.62, SE = 2.81) compared to chicken (M = 39.05, SE = 2.62). Climate-impact estimations did
not differ between beef and pork products, p = .61 (see Table 5.2).
Table 5.2. Means and standard errors of the perceived climate change impact of meat products
(compared to 100g of meat product with the lowest impact and that with the highest impact on the
climate) for three types of meat and two production methods.

Production method
organic

conventional

Type of meat

M

SE

n

M

SE

n

chicken

30.83

3.60

42

47.26

3.79

38

pork

48.49

4.07

33

48.75

3.89

36

beef

45.69

3.74

39

47.55

3.79

38

The results of Experiment 1 seem to imply that participants had some knowledge about the
climate impact of meat products. Participants were aware of the higher climate impact of red
meat (beef and pork) compared to white meat (chicken). However, the differences in the
perceived climate impact among different types of meat were not very large. Especially,
participants largely underestimated the climate impact of beef products, rating them similarly
as pork. These results are contrary to the results of LCA studies, which indicated that beef
products have a much higher climate impact than pork and chicken products (De Vries & De
Boer, 2010). That is, the climate impact of beef was found to be approximately two times
higher than the climate impact of pork products and even higher than the climate impact of
chicken products per unit. Our results might be explained by the assumption that people regard
their personal meat consumption as having only little effect on climate change (Macdiarmid et
al., 2016). We therefore suggest that, because beef has a higher climate impact than pork and
chicken, this fact should be better emphasized in communication to the public.
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In addition, participants seemed to underestimate the climate impact of organic meat compared
with conventional meat, as organic products are not necessarily more climate-friendly than the
conventional ones (Alig et al., 2012; Williams et al., 2006). The overestimated climate benefits
of organic meat may be due to the halo effect of the organic label: a beneficial characteristic of
a product (e.g., organic production) is generalized to a more positive evaluation of another
characteristic of the product (e.g., its climate impact), although these two characteristics are
unrelated (Lee et al., 2013; Meier et al., 2015).

5.3.2! Experiment 2: Type of meat and origin
With the aims to examine the effect of country of origin on the perceived climate impacts of
meat products and how participants differentiated among the climate impacts of various meat
products together, a 3 (type of meat: chicken, pork, beef) × 3 (origin: Switzerland, Great
Britain, Brazil) within-subjects design was used. Factorial repeated-measures ANOVA was
implemented to test whether origin and type of meat were important determinants of the
participants’ evaluations of the climate impact of meat products. A significant main effect was
found for the type of meat, F(2, 106) = 11.93, p < .001, η2 = .18, suggesting again that the type
of meat influenced participants' evaluation of food-related climate impact. In addition, the
origin of the meat had a significant effect on the perception of a food’s climate impact, F(2,
106) = 85.74, p < .001, η2 = .62. The interaction between origin and type of meat on the
perceived climate impact, however, was not significant, F(4, 104) = 1.04, p = 0.52, η2 = .03.
Post-hoc comparisons with Bonferroni correction showed that the perceived climate impact of
meat products was significantly different among all three types of meat. The climate impact of
beef (M = 63.48, SE = 1.53) was estimated to be significantly higher than that of pork (M =
60.66, SE = 1.37), and of chicken, (M = 56.65, SE = 1.43). Pork was perceived as significantly
less climate friendly than chicken.
Additionally, participants believed that meat products from Brazil (M = 75.32, SE = 1.74) had a
higher climate impact than meat products from Great Britain (M = 63.40, SE = 1.56) and from
Switzerland (M = 42.07, SE = 1.93). The meat products from Great Britain were perceived to
have a significantly larger impact on climate change than the meat products from Switzerland.
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Table 5.3. Means and standard errors of the estimated climate change impact per type of meat and
country of origin (compared to 100g of meat products with the lowest impact and that with the highest
impact on the climate).

Country of origin
Switzerland
Type of meat

Great Britain

Brazil

M

SE

M

SE

M

SE

chicken

37.52

2.01

60.42

1.74

72.03

2.02

pork

42.87

2.11

63.77

1.62

75.34

1.88

beef

45.81

2.14

66.03

1.81

78.59

1.92

Note: The sample size of Experiment 2 was N = 108.

Importantly, the differences in the perceived climate impacts among the three types of meat in
the same country were much smaller compared to the differences among the different countries
regarding the same type of meat (see Table 5.3). With respect to the two provided reference
points (meat with the lowest climate impact [0] and meat with the highest climate impact
[100]), the estimated climate effects of chicken, pork and beef seemed to be underestimated
compared to the real emission estimates (Gerber et al., 2013; Hoolohan et al., 2013). People
seemed to use the distances between the countries to estimate the climate impact of meat rather
than the type of meat, probably because they knew more about the distances to Switzerland
than about the large differences in the climate impacts of different types of meat.
The finding that participants could better differentiate the climate impacts between beef and
pork products in this within-subjects design than in the between-subjects design of Experiment
1 can be explained by the evaluability principle (Hsee, 1996; Visschers & Siegrist, 2009),
which indicates that jointly presenting information is helpful for consumers to make better
evaluations than presenting references separately.
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5.3.3! Experiment 3: Different types of protein-rich products
Experiment 3 was another within-subjects experiment aimed to test whether participants could
differentiate among the climate impacts of six protein-rich products (i.e., beef, chicken, hard
cheese, tofu, egg, and lentils). A one-way ANOVA with repeated measures was conducted with
the type of protein product as the independent variable and perceived climate impact as the
dependent variable. A significant main effect of product type on perceived climate impact was
found, F(5, 107) = 30.61, p < .001, η2 = .59. Post-hoc comparisons with Bonferroni correction
showed that beef was perceived to have a significantly higher climate impact than the other
protein-rich products. Chicken was perceived to have a significantly higher climate impact than
eggs whereas no significant differences were found among chicken, hard cheese, tofu, and
lentils (see Table 5.4).
Table 5.4. Means and standard errors of the estimated climate impact of six protein-rich products
(compared to 100g of protein-rich products with the lowest impact and that with the highest impact on
the climate).

Type of protein-rich product

M

SE

Beef

53.87c

2.32

Chicken

43.63b

1.95

Hard Cheese

40.44a,b

2.05

Lentils*

38.46a,b

1.70

Tofu

36.12a,b

1.92

Eggs

a

35.71

1.78

Notes. The sample size of Experiment 3 was N = 118. Means with different superscripts within the table
are significantly different from each other at p < .05 (after Bonferroni correction). * Lentils were
produced in France and the rest of the products were produced in Switzerland.

The results of Experiment 3 confirmed the results of our previous experiments, in that people
seemed to know that red meat has a higher climate impact than white meat and other nonmeat
protein-rich products (such as eggs, hard cheese and vegetarian products). However, they were
not familiar with the differences between chicken and hard cheese and the differences between
hard cheese and vegetarian protein-rich products with relatively low impacts (i.e., tofu, eggs
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and lentils). LCA has shown that the climate impact of hard cheese is actually higher than that
of some chicken products (Hoolohan et al., 2013; Tukker & Jansen, 2006). Participants’
underestimation of cheese might be explained by a lack of knowledge about the amount of
milk needed for cheese production (Nijdam et al., 2012). In addition, an overestimation of the
climate benefits of consuming products from the participants’ own country may explain why
the participants did not report significant differences between white-meat products and other
protein-rich products, for all the protein-rich products were produced locally except for the
lentils, which were produced in France. Thus the lower-perceived climate impact of vegetables
compared to meat products may have been compensated by the higher-perceived climate
impact of the food from abroad.

5.3.4! Experiment 4: Origin and mode of transportation
We used a one-factor between-subjects design in Experiment 4, in which four types of white
asparagus were varied on origin and transportation information, thereby investigating how
consumers perceive the climate impact of vegetable products with different countries of origin
and transportation modes. The asparagus either came either from Switzerland without
transportation information, from Peru without transportation information, from Peru by ship, or
from Peru by airplane.
The one-way ANOVA indicated a significant effect of the type of asparagus on the estimated
climate impact, F(3,214) = 48.76, p < .01, η2 = .41. Post-hoc tests showed that asparagus from
Switzerland were estimated to have a significantly smaller impact on climate change than the
asparagus from Peru, independent of whether and which transportation information was given.
The climate impact of asparagus transported by airplane from Peru was rated to be significantly
higher than that of asparagus from Peru by ship (Table 5.5).
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Table 5.5 Means and standard errors of the estimated climate impact of four different types of white
asparagus (compared to 100g of asparagus with the lowest impact and that with the highest impact on
the climate).

Origins and transportation mode of

M

SE

n

Switzerland

30.64a

2.86

55

Peru

68.68bc

2.81

57

Peru, transported by ship

62.64b

3.00

50

Peru, transported by plane

75.68c

2.83

56

white asparagus

Note. Means with different superscripts within the table are significantly different from each other at p
< 0.05 (after Bonferroni correction).

Similar to the results from the previous experiment, participants seemed to believe that national
food products have a lower climate impact than their imported equivalents. Further,
participants also have some knowledge about the climate impact of different transportation
modes. Specifically, Peruvian white asparagus transported by airplane were perceived to have a
larger climate impact than the white asparagus transported by ship. Importantly, the food
product’s origin seemed to have a larger effect on respondents’ estimated climate impact than,
for example, the transportation method, as local white asparagus from Switzerland were
estimated to have a much lower climate impact than white asparagus from Peru, independent of
the transportation modes. The perceived difference of climate impacts between white asparagus
from Switzerland and white asparagus from Peru was relatively larger than the perceived
difference between white asparagus from Peru by ship and white asparagus from Peru by
airplane.

5.3.5! Experiment 5: Seasonality and origin
To investigate whether consumers consider that nonseasonal vegetables have a higher climate
impact compared to seasonal vegetables and whether consumers rely more on the country of
origin or on seasonality to evaluate the climate impact, a 2 (seasonality: February vs. August) ×
3 (origin: Switzerland, the Netherlands, or Morocco) between-subjects design was applied to
investigate the perceived climate impact of bell peppers in Experiment 5. Factorial ANOVA
was conducted for testing whether seasonality and origin influenced the perceived climate
impact of the vegetables. A significant main effect of seasonality on the estimated climate
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impact was found, F(1, 215) = 13.69, p < .001, η2 = .06. As a confirmation of the findings from
previous experiments, the country of origin of the peppers had a significant main effect on
estimated climate impact, F(2, 214) = 7.97, p < .001, η2 =.07. The interaction between season
and origin was not found to be significant, F(2, 209) = 1.25, p = .29, η2 = .01 (see Table 5.6).
Post-hoc analysis with Bonferroni correction showed that peppers produced in February were
evaluated to have a significantly larger climate impact (M = 55.61, SE = 2.07) than peppers
produced in August (M = 44.68, SE = 2.10). Participants thus seemed to be aware that peppers
produced in winter had a larger climate impact than peppers produced in summer. Peppers
from Morocco (M = 54.85, SE = 2.55) and from the Netherlands (M = 53.80, SE = 2.53) were
perceived to have a significantly higher climate impact than Swiss peppers (M = 41.78, SE =
2.59). There was no significant difference between the perceived climate impact of Dutch
peppers and Moroccan peppers.
Table 5.6. Means and standard errors for estimated climate impact of 100g of bell peppers (compared
to 100g peppers with the lowest impact and those with the highest impact on the climate) for three
countries of origin and two seasons.

Season
February

August

Origin

M

SE

n

M

SE

n

Switzerland

50.56

3.71

34

33.00

3.60

36

the Netherlands

57.78

3.56

37

49.81

3.60

36

Morocco

58.47

3.51

38

51.24

3.71

34

The peppers from Morocco and the Netherlands were both perceived to result in a higher
climate impact than Swiss peppers whereas there was no significant difference perceived
between Moroccan and Dutch peppers. A possible reason could be that when information about
the country of origin is given, consumers still cannot correctly estimate the distance to that
country. For instance, participants figured out that both Morocco and the Netherlands were
foreign countries that resulted in higher climate impact of vegetables because of using more
fuel for international transportation than for national transportation of vegetables. However,
they may have neglected to consider that the distance between Switzerland and Morocco is
much longer than the distance between Switzerland and the Netherlands. Alternatively, they
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may have believed that other activities that are part of importing vegetables from abroad (e.g.,
storage) already result in higher carbon emissions than inland-produced vegetables and that the
additional emissions caused by transportation from Morocco to Switzerland, compared to those
caused by transportation from the Netherlands to Switzerland can be neglected.
Further, seasonality had a significant impact on the climate-impact estimations. The peppers
produced in winter were generally regarded to have higher GHG emissions than the peppers
produced in summer. However, the participants failed to recognize the interaction between
seasonality and country of origin: in winter, peppers from Switzerland and from the
Netherlands actually had more GHG emissions than the peppers from Morocco, as no
greenhouse heating is needed there in winter (Stoessel et al., 2012). The LCA results showed
that heating greenhouses with fossil fuels has a larger climate impact than ground transport,
even if distances are long (Stoessel et al., 2012). It could be that the climate impact of
vegetables produced in winter in a greenhouse is compensated by the underestimated climate
impact of shorter transportation distances. In addition, the information of greenhouse heating
was not directly visible to the participants in the current experiment, whereas the information
of season and origin was. Participants therefore might not have been aware of it.

5.4! General discussion
We investigated how consumers estimated the GHG emissions of meat products, protein-rich
products and vegetable products in five online experiments. We thereby examined which
criteria might be influential on consumers’ climate-impact estimations of food products. Our
results indicated that participants were generally able to order food products based on their
climate impact but failed to correctly identify the relative impacts of the respective products. In
addition, participants tended to use simple heuristics to estimate the climate impact of food
products. Production practice, country of origin, seasonality and transportation mode had
different influences on their perception of the climate impact of different food products. For
instance, participants estimated the climate impact of meat products by using the country of
origin rather than the type of meat. It is plausible that lay persons use easily accessible
information (i.e. country of origin) to estimate the climate impact of food products. However,
this simple strategy might result in an inaccurate estimation of climate impact as the effect of
meat type is more important than the country of origin for meat products. Further, participants
did not seem to be aware of the much higher climate impact of beef products than of other meat
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products. Thus they might not be aware of the larger amounts of land and water resources and
the larger amounts of GHG emissions that are associated with raising cattle (i.e., of beef and
dairy products) compared to pigs and poultry.
We also found that production practice and origin influenced people when estimating the
climate impact of a certain food product. According to the LCA results from previous studies,
the country of origin is important for the climate impact of vegetables and fruits but is not that
important to determine the climate impact of meat, protein products and beverages (Blanke &
Burdick, 2005). Consumers may not be aware of the differential importance of the country of
origin for different types of foods. Why did the country of origin appear to be more important
than transportation method, and why was country of origin not more important than seasonality
on participants’ climate-impact estimations of vegetable products? It may be because people
tend to link the health benefits with the environmental impacts of food products (Masset et al.,
2014; Tilman & Clark, 2014). People might regard seasonal vegetables to be healthier than
local vegetables and believe that local vegetables are safer to consume than imported
vegetables. The effect of healthiness then influences the perceived climate impacts of
vegetables accordingly. Whether people really consider the healthiness of vegetables while
estimating the climate impacts of them still needs to be investigated. The priorities for
consumers to evaluate the effect of seasonality, country of origin and transportation method in
climate impacts of vegetables also need to be further studied.

5.4.1! Practical implications
How can the results of the current study be further applied to empower consumers toward more
climate-friendly food choices? To start with, consumers should be informed in a better way
about sustainable food choices. It has been found that people’s willingness to adopt climatefriendly behaviors increases when they know more about effective climate-friendly actions
(Shi et al., 2015). In addition, more reference information about the climate impact of food
products should be presented to consumers to help them make climate-friendlier food choices,
for our findings showed that participants managed to better evaluate the GHG emission of meat
products in a within-subjects design experiment (i.e., including reference information) than in a
between-subjects design experiment. However, choosing the format of such references should
be done with caution, as people may have problems understanding them (Peters, 2012).
Relative terms rather than absolute terms or numbers, therefore, should be used to describe the
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climate impact of food products. One possible example of a claim could read as follows: “The
production of beef generally results in approximately two times higher GHG emissions than
the production of pork.”
Further, using more simple, direct and visible information (e.g., graphs) about the climate
impact of food products could help individuals to make climate-friendlier food choices. The
information about relevant determinants of the climate impact of food products could be
communicated through color-coding like a “traffic light”. Such a color-labeling system has
been indicated in previous studies to be useful to consumers to better understand the nutritional
value of food products (Siegrist et al., 2015). Similarly, red, orange, or green color coding
could be used to indicate a higher, medium, or lower climate impact, respectively, of food
products. Offering consumers information about the climate impact of food products through a
traffic light system can help consumers make more climate-friendly decisions with a
reasonable amount of time and effort, which is important because consumers tend to spend
little time and effort when buying common food products (Thøgersen et al., 2012).

5.4.2! Limitations and future research
A limited number of factors were investigated in the current study. Individuals’ estimation of
the climate impact of food products may be influenced by other factors such as packaging
materials, use of land and of water, and the conservation method. Further, the perceived climate
impact may also be affected by perceptions related to nutritional values, quality and health
benefits that were not examined in the current study. It is worthwhile to include these factors in
future studies to better understand consumers’ perception of the climate impact of their food
choices.
Further, the two references to which participants were asked to compare each product may
have influenced our results. The references (e.g. 100g of meat products with the smallest
climate impact and 100g of meat products with the largest climate impact) could have been
interpreted differently among individuals and thus resulted in different evaluations. In future
studies, the effect of various references should be investigated to better understand the method
that consumers apply to evaluate the climate impact of different food products.
Additionally, we only investigated consumers’ climate impact estimations of different foods,
but not their actual food choices. However, to be able to support consumers in making more
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climate friendly choices, we first need to know how they perceive them.

5.5! Conclusion
The study found evidence that people had a limited amount of knowledge about the climate
impact of food products. Participants managed to differentiate between the climate impacts of
red-meat and white-meat products, between products produced locally and abroad, between
airplane-transported and ship-transported products, and between seasonal and unseasonal
products. However, the study also indicated that people were not aware of the relative impacts
of the respective products, such as underestimating the climate impact of beef compared to
pork products and of cheese compared to chicken. The results of the current study suggested
that consumers make climate-impact evaluations based on directly visible factors. Therefore,
using simple, direct, and visual descriptions of the climate impacts of food products could help
consumers better understand them and make more climate-friendly food choices. Additionally,
providing reference information for red-meat products and other protein-rich products may
lead to a better evaluation of the climate impact by consumers.
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6! General Discussion
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6.1! Introduction
Chapter 2 assesses how knowledge of climate change and cultural worldviews influence the
public perception of climate change in Switzerland. The chapter aims to examine whether
knowledge of climate change relates to the public concern about it, if it is measured in a
relevant and multi-dimensional way. The chapter also aims to investigate whether knowledge
still influences people’s perceptions once their cultural worldviews have been taken into
account. A mail survey was deployed between June and August 2013 in the German speaking
part of Switzerland (N = 1,065). In Chapter 2, the role of knowledge about climate change and
the role of cultural worldviews have been investigated in the public perception of climate
change. Further, the influences of different types of knowledge on the public concern about
climate change have been examined. Lastly, the public willingness to change behaviors and
support for climate change mitigation policy measures were examined.
A cross-national online study (N = 2,495) was conducted and described in Chapter 3 to further
determine the effects of different forms of knowledge on the public risk perception of climate
change in different countries (Canada, China, Germany, Switzerland, the UK, and the US) with
culturally and politically diverse backgrounds. In addition, the relationship between climate
change related knowledge and the public risk perception was investigated after the effects of
value orientations were assessed Moreover, the influences of self-reported knowledge and
objectively measured knowledge on people’s concern about climate change were studied in an
additional Swiss online survey (N = 336).
The main goal of the research was to find out whether the public perceptions of solar radiation
management (SRM) differed among people from the various investigated countries. Chapter 4
therefore examined the public acceptance of SRM and the factors that influence the public
acceptance through the same cross-national sample used in Chapter 4 (N = 2,495). In addition,
the study explored the influences of public concern about climate change, tampering with
nature, moral hazards and human values associated with perceptions of SRM.
Chapter 5 investigated to what extent meat types, the production method of meat and the
country of origin influence the perceived climate impact of meat products. Further, the
consumer perceived climate impact of nonmeat protein-rich products and vegetable products
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were studied. The participants were requested to evaluate the climate impacts of different food
products with systematically varying criteria such as a product’s country of origin, the
production practice used and the product type, through five online experiments (N = 226).
In summary, this thesis reports on the positive influence of the public concern about climate
change on global warming mitigation behaviors and decisions. We found a positive correlation
between the public concern about climate change and the public willingness to change
behaviors, as well as to support policies and new technologies to mitigate climate change
(Chapters 2–4). Importantly, with the aim of increasing the public concern about climate
change, the specific, objectively-measured and multidimensional knowledge about the causes,
consequences and physical characteristics of climate change has been found to significantly
influence the public perceptions of risks associated with climate change. This was the case
even after controlling for human values and even across several different countries (Chapters
2–3). Further, human values have been found to be important predictors of the public
willingness to support policies and to accept new technologies to mitigate climate change.
Individualistic and hierarchical cultural worldviews were found to be negatively related to
public concern about climate change (Chapters 2–3). In contrast, biospheric values were found
to be positively related to the public risk perception of climate change among different
countries (Chapter 3). The current thesis additionally found that, people with higher egoistic
values accepted Solar Radiation Management (SRM) to mitigate climate change more (Chapter
4). Lastly, consumers’ knowledge of the climate impact of food products was found to be
limited and consumers tended to use simple heuristics, such as the country of origin, the
production practice and the product type to evaluate the food-related carbon footprint (Chapter
5).

6.2! Central findings
6.2.1! The role of knowledge in public perception of climate change
One of the central findings of the current thesis was that knowledge can be reinstituted as a
driver of cross-national public risk perception about climate change. The current thesis
provided strong evidence that knowledge, especially when it is measured in a domain-specific
and multi-dimensional way, has a significant impact on the public risk perception of climate
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change. The results were further confirmed in the different investigated countries: Independent
of the cultural orientations that people have, their public risk perception generally increased if
they knew more about climate change. Lastly, the thesis revealed that scientists need to
carefully develop and test domain-specific knowledge scales. The thesis also revealed that
efforts to enhance the public education on climate change and risk communication are
worthwhile.
A comparison between the knowledge measurement methods used in this thesis and those
employed in previous studies (see section 1.3), seemed to explain the non-significant or
negative relations between knowledge and the public risk perception (Brody et al., 2008;
Kahan et al., 2012; Kellstedt et al., 2008). To begin with, the current thesis objectively assessed
knowledge using scales that clearly and consistently differentiate between those people with
less and those people with more knowledge. The objective measurement in the current thesis
was found to be more reliable than the subjectively assessed knowledge to predict the public
risk perception of climate change (Chapter 3). One reason could be that people tended to
overestimate or underestimate their knowledge level. In addition, multi-dimensional
knowledge scales revealed the different relationships between different knowledge types and
the risk perception of climate change. For instance, the physical characteristics of climate
change were found to be less relevant than the causes of climate change in explaining the
public risk perception of climate change. Assessing knowledge in a single scale may confound
the different effects of different knowledge types and therefore underestimate the effects of
knowledge (Kaiser & Fuhrer, 2003). Lastly, knowledge measured in a domain-specific way in
the current thesis was found to better reflect the public concern about climate change than
general scientific knowledge. This could explain the negative or missing relationship between
scientific literacy or scientific numeracy and public risk perception of global warming which
was found in previous studies (Kahan et al., 2012). Similarly, it could also explain why, in six
countries, participants’ education levels did not correlate to their relative concern about climate
change. This may be because people’s education levels only indicate their general knowledge,
not their understanding of climate change.
Further, it is worth highlighting the relationship between different types of knowledge and the
public risk perception of climate change, as well as public mitigation decisions. Firstly, causal
knowledge about climate change was positively related to the public concern of climate change
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across the different countries surveyed (Chapters 2–3). It was also found to have a significant
indirect influence on people’s willingness to mitigate climate change through their concern
about climate change (Chapter 2). This may be because human activities are largely related to
the causes of climate change, which makes people feel responsible and therefore more
concerned about climate change and consequently more willing to change the relevant
behaviors. Secondly, the positive relationship between results-related knowledge and the public
concern about climate change was, however, not significant across all the countries. It was
even found to be negatively related to people’s willingness to change their behaviors to
mitigate climate change in the Swiss sample (Chapter 2). Knowledge about the consequences
of climate change may remind people about the severe damage of climate change and therefore
make the respondents more concerned about it. However, feeling powerless and the
psychological distance associated with the complex and global effect of climate change may
not positively or significantly influence the public concern and the willingness to change
behaviors. In other words, if people do not believe that they are capable of doing anything
against the catastrophic consequences, and if they do not feel directly affected by climate
change, they may not be concerned about it. In such cases, they may also not be willing to
change their behaviors to mitigate climate change (Spence et al., 2012; Swim et al., 2011).
Thirdly, people who knew more about the physical characteristics of climate change seemed to
be less concerned about it (Chapters 2–3). This may be because of some misconceptions, which
have been investigated in the current thesis, and which raised the public concern about climate
change to high levels. For instance, people having the incorrect knowledge suggesting that CO2
is harmful for plants may also be extremely concerned about climate change. Lastly, actionrelated knowledge was found to be moderately related to people’s increased willingness to
change their behaviors. It did not appear to be related to public support for climate-friendly
policies (Chapter 2). Participants may feel more confident about mitigating climate change on
an individual level after acquiring more action-related knowledge. They are therefore be more
willing to change their behaviors in order to mitigate climate change. However, if individuals
know more about how to take action to mitigate climate change, they do not necessarily
support climate-friendly policies. This is often because such support for various policies may
depend on other variables such as moral hazards, risks and benefit perceptions (Chapter 4)
(Visschers et al., 2011).
The results of the current thesis do not fully support Kaiser and Fuhrer’s path model, which
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focuses on the effects of different forms of knowledge on ecological behaviors (see Figure 1.3).
To start with, it has been suggested that procedural knowledge (i.e., action-related knowledge)
influences people’s attitudes towards their ecological behavior (i.e., public concern about
climate change) in Kaiser and Fuhrer’s path model. However, people with more knowledge of
action that can be taken to mitigate climate change were not found to have a significantly
higher risk perception about climate change (Chapter 2, Footnote 3). People do not necessarily
perceive higher risks of climate change if they are well aware of what can be done to mitigate
it. In contrast, people who are more concerned about climate change might be more willing to
know more about how to mitigate it. Secondly, the physical facts and causes about climate
change were classified together as declarative knowledge in that path model. The current thesis
would recommend separating them into two types of knowledge. Knowledge about physical
facts and causes of climate change were both found to be important predictors of the public risk
perception, but have different relationships with people’s concern about climate change. Lastly,
effectiveness knowledge (relative effectiveness of different behaviors to reach a certain
outcome) was seen to link to ecological behaviors through attitude. The current thesis revealed
a small but negative relationship between knowledge about consequences of climate change
and the public willingness to change behaviors to mitigate climate change (see Chapter 2, Table
2.7). Effectiveness knowledge might be particularly relevant when behavioral decisions are
based on individual cost-benefit rationalities. However, consequences of mitigation behaviors
associated with climate change are sometimes difficult to assess (e.g., accepting solar radiation
management policies). The current thesis would therefore suggest using consequence-related
knowledge of climate change rather than effectiveness knowledge to influence climate change
mitigating behaviors and decisions.

6.2.2! The role of human values in public perception of climate change
Chapters 2, 3 and 4 analyzed the importance of human values when it comes to public risk
perception of climate change and mitigation decisions. In line with the previous studies
conducted using American samples (Kahan et al., 2012), individualistic and hierarchical
cultural worldviews were found to relate negatively to public perceptions of climate change,
public willingness to change behaviors and public acceptance of climate-friendly policies in the
Swiss sample (Chapter 2). Biospheric value orientations were found to have a significant
positive influence on public concern about climate change across the different countries.
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Egoism and altruism, however, were not found to have a significant relationship with the
public risk perception of climate change in all countries. Only in the UK and Canada, egoistic
people seemed to be more concerned about climate change (Chapter 3). Regarding the public
acceptance of solar radiation management, the results indicated that egoistic values were
positively associated with people’s acceptance of new technologies to mitigate climate change
across all the countries. Biospheric and altruistic values positively influenced the public
support of solar radiation management in some of the countries studied (Chapter 4). The results
of an additional Swiss study indicated that biospheric values were positively related to public
concern about climate change. Individualistic cultural worldviews, however, still had a
negative but small influence after including all three value orientations in the regression model
(Chapter 3). This result indicated that it may not be possible to interchange cultural worldviews
and value orientations with one other when explaining the public risk perception of climate
change.
Value orientations and cultural worldviews are both regarded as human values and are used
alternatively to

explain the public risk perception of climate change in previous studies

(Corner et al., 2014). From the aspect of content, communitarianism and egalitarianism are
seen as similar to the altruistic value orientations. Individualism is seen as similar to the
egoistic value orientations. The items used to assess cultural worldviews reflect people’s
attitudes towards different societal arrangements (e.g., government should put limits on the
choices individuals can make so they don’t get in the way of what’s good for society). The
value orientations reflect the personal guiding principles of life (e.g., working for the welfare
of others), which usually precede worldviews and are more specific and more stable than
worldviews (Stern, 2000; Van der Linden, 2015). Further, from a constructional perspective,
cultural worldviews were categorized based on a grid-group system (Douglas & Wildavsky,
1982). The relative position of the cultural types on the group-grid scale represent the extent to
which individuals feel bound by feelings of belonging and solidarity (group) and by the amount
of control and structure they maintain in their social roles (grid). Value orientations were based
on Schwartz’s value inventory, which identified different value types (Schwartz, 1992).
Value orientations, rather than cultural worldviews, were investigated in the cross-national
study (Chapter 3 and Chapter 4) because the former are universally valid and have been
reliably investigated through extensive studies across various contexts and cultures (De Groot
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& Steg, 2007; Schultz, 2001; Schwartz & Sagiv, 1995; Steg et al., 2012). The items used to
assess cultural worldviews, however, are strongly linked to the US political system (e.g., We
need to dramatically reduce inequalities between the rich and the poor, black and white, and
men and women)(Kahan et al., 2012). The cultural worldview items would therefore have had
to be adapted to each country due to the different cultural and political systems across
countries. For instance, the inequalities between black and white would have had to be adapted
as inequalities between native born people and immigrants in European countries, and between
urban and rural residents in China. The influence of cultural worldviews on the public risk
perception of climate change therefore cannot be compared in the same way as value
orientations across different countries.

6.2.3! Public willingness to mitigate climate change and its predictors
To transfer public concern about climate change into mitigation behaviors, the current thesis
has further investigated the public willingness to mitigate climate change. This has been done
by examining support for climate-friendly policies, people’s willingness to change individual
behaviors and the acceptance of new technologies to mitigate climate change.
In Chapter 2, Swiss people were generally found to be very willing to change their daily
behaviors in order to mitigate climate change. Consuming seasonal foods whenever possible
and to use warm water sparingly have been regarded as the most popular behaviors Swiss
people would like to change. These were followed by buying energy-saving products and
checking the electricity bills to adjust the energy consumption. However, reducing meat
consumption and donating money to climate change protection projects were the least
favorable choices for the Swiss. In addition, among the climate-friendly policies they would
like to support most were binding limits for CO2 emissions for new cars and subsidies for
research projects in the field of climate-friendly technology. In contrast, a CO2 tax on gasoline
and diesel fuel and an increase of the CO2 tax on heating oil were least likely to be accepted by
the Swiss people. The reasons for these preferences could be that the consequences of eating
seasonal foods and using less warm water were more tangible to the public (avoiding
greenhouse heating and reducing household energy consumption). However, the effects of
consuming less meat and donating money to climate protection projects to mitigate climate
change had less obvious consequences. In addition, a CO2 tax on gasoline, diesel fuel and
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heating oil could directly and negatively impact people’s personal financial situation in
addition to reducing their quality of living to some extent. An introduction of binding limits for
CO2 emissions on new cars and subsidies for research projects in the field of climate-friendly
technology were less likely to influence people’s personal quality of life immediately.
Concern about climate change was found to be the most important predictor of both people’s
willingness to change their behaviors and to support climate-friendly policy measures to
mitigate climate change. The results of the current thesis confirmed the theory of planned
behavior (TPB) that the public with higher risk perception about climate change intended to
change their behaviors and to support climate-friendly policy measures. Hierarchical and
individualistic values were negatively related to both people’s willingness to change their
behaviors and to accept policy measures to mitigate climate change. Climate change mitigation
behaviors were less favorable for the people who focused more on personal benefits and costs
as well as their social status and authority. Mitigation behaviors were usually associated with
direct individual costs (e.g. effort) and indirect benefits. Action-related knowledge was
positively related to people’s willingness to change their behaviors, while more result-related
knowledge led to less willingness to change behaviors. Causal knowledge, among all four
types of knowledge, was the only type of knowledge that had a significant impact on the
acceptance of policy measures to mitigate climate change. It also had a significant indirect
influence on the willingness to change behaviors and to support climate-friendly policies
through public concern about climate change. As it has been discussed in section 6.2.1,
knowing more about how to mitigate climate change on an individual level, could make people
feel more capable and therefore more willing to change their behaviors. Supporting policies to
mitigate climate change requires changes in collective behaviors, encouraged on a national or
global level. Understanding the fundamental causes of climate change and perceiving higher
risks of climate change therefore made the public more willing to support climate-friendly
policy measures.
Chapter 4 revealed that the public acceptance of SRM was not as low as it was found to be in
the previous studies (Corner & Pidgeon, 2014; Mercer et al., 2011). The European public was
generally neutral about accepting SRM as an approach to fighting against climate change.
Chinese respondents tended to perceive SRM more favorably, while Canadians and Americans
were more cautious about accepting SRM than respondents from other countries. We found
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that the public acceptance of SRM depended on many factors such as the public concern about
climate change, human values, beliefs that the deployment of SRM constituted a moral hazard,
high perceived risks and concerns that SRM interfered with nature. The results suggested that
people who were more concerned about climate change, had higher egoistic values and
believed that SRM would reduce people’s willingness to reduce their greenhouse gas output
(except for the Swiss sample), tended to accept SRM more across the countries. People who
perceived higher risks of SRM and believed it would interfere with nature tended to be less
accepting of the new technology to mitigate climate change less. The European participants
might feel that they did not know enough to estimate the risks of SRM and yet they were quite
concerned about climate change. They therefore decided to neither support nor reject the new
technology. Americans and Canadians perceived higher risks of deploying SRM than
participants from other countries (Chapter 4). They were therefore less willing to accept this
new technology to mitigate climate change. Chinese participants were unexpectedly positive
about the deployment of SRM but the results might need to be interpreted with caution. It has
been shown that 78.1% Chinese internet users were aged from 10 to 39 and approximately less
than 8% of internet users were over 50 years old (China Internet Network Information Center
(CINIC), 2015). The Chinese middle aged and senior participants who managed to finish the
online survey in the current thesis may generally tend to like and support new technologies.
This may also to a certain degree be valid for the other countries.
The public’s willingness to reduce its consumption of food with a high impact on the climate
(e.g. meat consumption) was found to be rather low (Lea & Worsley, 2008). Chapter 5 studied
the public perception of food-related climate impact to understand the public reluctance to
reduce the consumption of food with a high climate impact. Public awareness of the climate
impact of food products was found to be limited. Participants managed to differentiate between
the climate impacts of red-meat and white-meat products, between products produced locally
and abroad, between airplane-transported and ship-transported products, and between seasonal
and unseasonal products. However, people were often not aware of the relative impacts of the
respective products, such as the climate impact of beef compared to pork and of cheese
compared to chicken. Such examples might therefore be worth including in communications
about the impact of food-related decisions on climate. In addition, the results suggested that
consumers make climate-impact evaluations based on simple heuristics such as the country of
origin, the production practice and the product type. The relation between these simplified
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decision rules and their impact on greenhouse gas emissions needs to be further studied (Arvai
& Froschauer, 2010).

6.3! Cross-country differences and similarities
Climate change mitigation is a global action which involves the collaboration of different
countries. In the current thesis, differences and similarities in knowledge, human values, the
public risk perception of climate change and the acceptance of new technologies were studied
in countries with a variety of cultural and political backgrounds.
To start with, respondents from China, Germany and Switzerland were found to have
significantly higher levels of knowledge about climate change than those from Canada the UK
and the US (Chapter 3). German and Swiss participants knew significantly more about the
physical aspects of climate change than participants from Canada and the US. Chinese
respondents knew significantly more about the causes of climate change than the respondents
from the other countries. German and Swiss respondents were also the most knowledgeable
about the consequences of climate change. In contrast, participants from the US had the lowest
level of knowledge about climate change of the six countries surveyed, independent of the type
of knowledge. The knowledge levels about climate change in the Swiss sample were similar in
the national study and the cross-country study (Swiss respondents were most aware of the
consequences of climate change. They knew less but were also good at answering the questions
about the causes of climate change. When comparing all the knowledge categories, the Swiss
sample demonstrated the least knowledge of all about the physical characteristics of climate
change). Relatively low levels of knowledge about climate change were found among the
American participants in other studies. This may be because only limited information sources
about global warming are provided to the US population. After all, 55% of the American
respondents claimed that they had learned nothing about global warming at school and 41%
indicated that they had learned nothing from government agencies (Leiserowitz et al., 2011;
Menny et al., 2011). In addition, European countries have long ago committed to international
efforts to mitigate climate change and are actively involved in developing various plans such as
the European Climate Change Programme (ECCP) and the Europe 2020 strategy. It is therefore
reasonable to assume that German and Swiss people are more familiar with the consequences
and physical characteristics of climate change (Menny et al., 2011). Environmental issues in
China have been suggested to severely affect the country’s biophysical environment and human
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health. Theses issues are usually relatively obvious such as smog and water pollution. These
clearly visible impacts therefore encouraged the residents in China to be more concerned about
environmental issues and their causes (Shen & Saijo, 2008).
In addition, the study results suggested significant differences among the countries on egoistic,
altruistic and biospheric value orientations. More specifically, the participants from China had
significantly higher scores on egoism than the ones from other countries. They were followed
by people from Canada, the UK and the US while German and Swiss participants appeared to
have least interest in self-importance and benefits to themselves. Chinese and Swiss
respondents were found to be most altruistic in our research. Respondents from the United
States, by contrast, found it least important to consider other people when making decisions.
Likewise, respondents from China and Switzerland reported significantly higher biospheric
values than the respondents from other countries. In line with the previous study by Hofstede
and colleagues (Hofstede et al., 1991), people from the US, the UK and Canada tended to have
a higher score on individualism than people from mainland Europe. Compared with Western
countries, China is regarded as a collective society and the public is therefore expected to care
more about the benefits of other people and of the groups they belong to. In addition, with the
numerous environmental issues in China, it is plausible that Chinese people have higher levels
of concern about environmental and biospheric risks than the public in European countries.
However, the high scores on egoism among the Chinese population were unexpected as they
were contradicting to the high altruistic values. Typically, the Chinese people are supposed to
lack individualistic values and to be more concerned about collective benefits to society (e.g.,
public goods) (Hofstede et al., 1991). The results could be due to the different evaluation
standards between Chinese participants and the others: Chinese people might tend to give high
scores in all responses to survey questions.
In line with the results of previous studies, the public risk perception of climate change is
generally rather high in European countries (Leiserowitz, 2006; Lorenzoni & Pidgeon, 2006).
As shown in Chapter 3, Chinese participants were substantially more concerned about climate
change than people from the other European and North-American countries surveyed.
Participants from the US seemed to be least worried about climate change. These results could
be explained by one of the main results of the current thesis, namely that a higher level of
causal knowledge about climate change tended to increase people’s concern about related
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issues. In addition, public concern about climate change has been found to be influenced by
contextual factors, such as the environment conditions (Marquart-Pyatt, 2012). In China, where
the economy is growing rapidly, environmental pollution has been considered to be one of the
country’s most serious problems. This may have increased the public concern about
environment-related risks such as climate change. For instance, concerns in China about air
quality and health may go hand-in-hand with concerns about emissions—which include
GHGs—from industries and automobiles (WHO, 2015; Yu, 2014).
Further, concerning the public willingness to mitigate climate change through accepting new
technologies, Chapter 4 showed that the acceptance of SRM differed across countries.
Compared to the other countries, Chinese respondents tended to support the deployment of
SRM most. They were also least concerned about the interference of SRM with nature and yet
worried most that its deployment would hinder mitigation efforts aimed at the root causes of
climate change. Additionally, the two North-American countries appeared to have a less
positive perception of SRM than the two non-English speaking European countries and China.
The US and Canada were less supportive of SRM and Canadian respondents, in particular,
perceived significantly higher levels of risks associated with SRM than those from other
countries. As respondents’ perception of the risks of SRM were an important predictor of their
acceptance of SRM technology, this likely reduced people’s support for SRM in Canada.
Compared with the residents from other countries, the US sample was less concerned about
climate change and about the moral hazards of SRM acceptance. The participants from the US
may have been less convinced of the need for a technology such as SRM to combat climate
change and therefore be less supportive of this technology.

6.4! Practice implication for climate change mitigation
6.4.1! Enhancing public risk perception by providing more information
about the causes and consequences of climate change
Communicating the risks associated with climate change is seen to be difficult because the
public perception of climate change depends on various factors such as human values, age,
gender, and education level. There is no uniform approach to risk communication that can be
applied to all audiences (Arvai, 2014; Lundgren & McMakin, 2013). The results of the first
two studies indicated that the consumers who were more aware of the causes and consequences
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of climate change were also more concerned about it. It is therefore rather important to increase
the public risk perception of climate change by providing the public with more knowledge
about its causes. It could be appropriate to highlight the historically high CO2 concentration in
the atmosphere, an increased temperature in the last century and the anthropogenic reasons for
the climate change. The consequences of climate change could also be communicated to the
public as the results suggested a positive relationship between knowing the consequences of
climate change and the public risk perception of climate change. The catastrophic results of
climate change should however not be emphasized too much in the risk communication, as
they may make people feel powerless and therefore become discouraged. Risk communication
should not focus on the physical characteristics of climate change as this may lead to a
dampened public risk perception of climate change.

6.4.2! Promoting public willingness to change behaviors through increased
action and causal knowledge of climate change
The results of the current thesis have suggested in Chapter 2, 3 and 4 that concern about
climate change is the most important predictor of the public willingness to mitigate climate
change. This includes accepting climate-friendly policies and changing individual behaviors.
Further, causal knowledge about climate change has been found to be positively associated
with a higher level of public willingness to change behaviors and the higher public acceptance
of climate-friendly policies through the public concern about climate change. Action-related
knowledge has been found to have a small but significant effect on people’s willingness to
change behaviors in efforts to mitigate climate change.
Ideally, increasing public concern about climate change would help to promote people’s
willingness to change their behaviors and to accept climate-friendly policies. The influential
determinants of public perception, such as human values and demographics, are however rather
difficult to change (Kahan et al., 2012; Spence et al., 2012; Van der Linden, 2015). Causal
knowledge and action knowledge about climate change are relatively easy to communicate and
may help to increase the public willingness to mitigate climate change directly or indirectly by
enhancing the risk perception of climate change. To convince the public to engage in mitigating
behaviors and to accept climate-friendly policies, it is therefore important to provide more
causal and action-related knowledge about climate change in a simple way, giving people the
impression that their behavior is having a positive influence.
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6.4.3! Respecting the human values in risk communication
People with different human values tend to have different risk perceptions and views on
mitigation decisions about climate change. The second Chapter revealed that people with
stronger individualistic and hierarchical values tended to be less concerned about climate
change. People with stronger egalitarian, communitarian and biospheric values were likely to
be more concerned about climate change. Biospheric values, in particular, predicted a higher
risk perception of climate change across the different countries. It is therefore rather important
to use different strategies in risk communication to the public, and to appeal to different human
values in efforts to mitigate climate change.
The public with a higher level of egalitarian, communitarian and biospheric values should be
informed about the causes and consequences of climate change without disregard for their
values. More emphasis on the human origins of climate change and on the collective effect of
climate change on other people, nature and the biosphere in the risk communication may
increase their risk perception of climate change. If people with higher levels of individualistic
and hierarchical values are provided with information about the causes and consequences of
climate change, their risk perception associated with climate change is also likely to increase
(Chapter 2). Risk communication may additionally focus more on the individual risks of
climate change and on the individual benefits of mitigating climate change, in efforts to
increase people’s risk awareness and to motivate them to change behaviors. For example,
potential individual financial savings and health benefits through mitigation behaviors of
climate change could be highlighted to people with higher levels of individualistic and
hierarchical values. Further, by respecting the human values of the audience and sending
communicators with similar human values, the audience might be encouraged to more trust and
to accept the presented facts. As a consequence, the effectiveness of the risk communication
about climate change is increased. This is because people tend to preferably exchange opinions
and views with the individuals having alike values orientations (Siegrist et al., 2000).

6.4.4! Providing simple, direct and visible information about the climate
impact of food products
Chapter 2 indicated that action knowledge is positively related to the public willingness to
change its behaviors to mitigate climate change. Chapter 5 highlighted, that with more
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cognition about the effect of different food products on climate change, consumers should be
able to reduce their individual carbon foot print through their daily food choices. However, in
the experiments participants demonstrated limited knowledge of the climate impact of food
products. Specifically, their estimation of the climate impact of food products is likely to be
influenced by various criteria such as the production practices, the country of origin, the
transportation mode and the seasonality. More information about the climate impact of food
products should therefore be provided to consumers in a simple, direct and visible way. For
instance, instead of including a detailed life-cycle analysis of food products on a label, the
climate impact of food products could be communicated through a color-labeling system: red,
orange or green colors can be used to indicate a high, medium, or low climate impact of the
respective food products. The color-coding system has been proved to be useful for consumers
that are keen to understand the nutritional value of food products (Siegrist et al., 2015). Further,
the different climate impacts of food products could be communicated to the public in a
relative form: an example would be that the production of beef generally results in
approximately two times higher greenhouse gases emissions than the production of pork.
Similar to the action knowledge (Chapter 2) to mitigate climate change, the climate impact
information of different food provides the consumer with possibilities to reduce their personal
carbon foot print through climate-friendly alternatives. The format of information (simple,
direct and visible) about the climate impact of food products is more important than that of
action-related knowledge conveyed via public communication and education. This is because
the public generally has a good level of action-related knowledge to mitigate climate change:
examples are reducing private car driving and removing the plug of electrical appliances when
they are not in use. However, understanding the climate impact of different food products is
rather difficult for the laypersons as the climate impact calculation of food products usually
involves various complex criteria (e.g., land use, water use, food storage time). In addition, the
effects of climate-friendly food choices (based on LCA results) are usually invisible and
unclear to the individuals, whereas the influence of household mitigation behaviors (based on
action-related knowledge) can be reflected in feedbacks such as energy bills. Lastly, providing
accurate LCA information of various foods in accordance with consistent standards requires a
huge amount of time, money and other resources. It is therefore necessary to provide simplified
and approximate information about the climate impact of food products to the consumers
wherever possible (e.g. providing a relative climate impact for different food categories as for
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example: hard cheese results in higher climate impact per weight than organic chicken).

6.5! Evaluation of the studies and suggestions for future research
In the first and second study (Chapter 2 and 3), the findings strongly suggest that domainspecific, multi-dimensional and objectively measured knowledge about climate change is an
important predictor of cross-national public concern even among people with different values.
In addition, the results indicate that different dimensions of climate change knowledge tend to
have different influences on the public risk perception. In both studies, a Mokken scale analysis
proposed sufficiently good scalabilities for all four knowledge scales, which are developed
based on the results of previous interviews, literatures and studies. In future studies, the
definition of different dimensions of knowledge about climate change could be further
discussed (e.g., whether the characteristics of CO2 should be regarded as physical knowledge
or causal knowledge). In the current thesis, physical characteristics of climate change mainly
described how CO2 is produced, what kind of gas it is and what effect it has on plants. In other
research studies, for instance, physical knowledge has been referred to as the understanding of
how the greenhouse effect works and how it makes global warming happen (Ranney & Clark,
2016). The effect of physical knowledge of climate change on the public’s risk perception of
climate change in the study by Ranney and colleagues therefore leads to a different result than
the current thesis. The physical knowledge highlighted in the study by Ranney and colleagues,
would likely be defined as knowledge about the causes of climate change in the current thesis.
It is therefore worthwhile for researchers to carefully develop and define the different types of
knowledge scales when studying the public risk perception of climate change. Different
definitions of knowledge types may influence the focus of risk communication regarding
climate change.
Further, different effects of beliefs and scientific knowledge could be investigated in future
studies. For example, among the items of causal knowledge, the items indicating that climate
change is caused by human beings, could be regarded as scientific knowledge. It can however,
also be regarded as a layperson’s belief. Additionally, the negative effects of physical
knowledge on the public risk perception of climate change have been referred to as
misconceptions, which lead to a high degree of concern about climate change. It is interesting
to further examine the influence of the physical characteristics of climate change and to
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separate these from the misconceptions which might increase public risk perception. Moreover,
it is worthwhile discussing whether the effects of knowledge on the public risk perception of
climate change will change when less reverse coded items are included in the knowledge scale
(e.g., physical knowledge, three out of four were reverse coded) as opposed to scales of other
types of knowledge (causal knowledge and result-related knowledge, one or two out of four
items were reverse coded). The effects of social knowledge (socially shared and common
knowledge) and behavior-controlled knowledge (personal confidence about certain behaviors)
were not included in the current thesis. They could be investigated in future research. Lastly,
the direct and indirect relations between different forms of knowledge and public mitigation
behaviors could be further investigated. A possible question could be if causal knowledge can
influence the willingness to change individual behaviors through action-related knowledge
(knowing mitigating actions of climate change) and if causal knowledge influences the public
acceptance of SRM by encouraging people to act on their concerns about climate change.
Concerning the acceptance of solar radiation management (SRM), the results indicated that
egoistic values were positively associated with people’s acceptance of new technologies to
mitigate climate change across all the countries surveyed. Biospheric and altruistic values,
however, only had an influence on the public acceptance of SRM to mitigate climate change in
a few countries. In Chapter 4, our results showed that human values, tempering with nature,
perceived risks, moral hazards and public concern about climate change are important
predictors of the public acceptance of SRM in the countries studied. However, the effects of
different types of climate change related knowledge on the public acceptance of new
technologies to mitigate climate change have not been investigated. In future studies, it maybe
worthwhile testing the relationships between different types of knowledge of climate change
and the public acceptance of new technologies to mitigate climate change. In addition, the
results indicated that Chinese respondents consistently perceived SRM to be more favorable
than respondents from other countries. To be more specific, their acceptance of SRM and the
beliefs that the deployment of SRM constituted a moral hazard were highest of all the countries
surveyed. Their beliefs that SRM tampers with natural processes were significantly lower than
those of respondents from other countries. China was, however, the only Asian and developing
country analyzed. It also has a rather different political system and cultural background
compared with the other western countries. It could therefore be interesting for the future
studies to examine the public acceptance of new technologies in other countries such as the
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developed Asian country of Japan and the developing countries in Africa. Finally, it would be
worth investigating why the participants in certain countries (e.g. China) tended to rate higher
values in all the investigated scales. Further studies using a different methodology (e.g.
interview) to collect data and compare the results could be of interest.
In Chapter 5, we investigated how consumers estimated the GHG emissions of meat products,
protein-rich products and vegetable products in five online experiments. We thereby examined
which criteria might influence consumers’ climate-impact estimations of food products. Our
results indicated that participants were generally able to order food products based on their
climate impact but failed to correctly identify the relative impacts of the respective products.
However, the climate impact of food products were all compared based on 100 gram, which
was different with the common situation in daily life. It might be interesting to examine the
consumers’ evaluation of the climate impact of food product based on per portion. Further, the
influence of the public perception of the food-related climate impact on the daily purchasing
behaviors of food products has not yet been investigated in the current thesis. In a future study
it would be interesting to first provide participants with simple, direct and visible information
on food products and in a second step to check whether they would then be more willing to
make climate-friendly food choices. Additionally, it would be of value to check with the
participants at a later time whether they managed to maintain their climate-friendly behaviors.
To conclude, the current thesis indicated that knowledge, especially about the causes and
consequences of climate change, are key drivers to increase the public risk perception of
climate change as well as to promote mitigation behaviors. As it is not desirable to change
people and their values, providing efficient communication and useful education is generally a
promising road. Showing people the reasons and results of global warming, communicating
the risks with respect to people’s values and providing them alternative action paths in a simple
format may largely contribute towards motivating the public to combat climate change
globally.
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