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Abstract
Public perception of climate change can either facilitate or hinder the implementation of climate
policies. This perception is dependent on a number of influencing factors, called drivers, in ways
that are still not clearly understood. Our study quantifies the relative strength of drivers of
climate change perception, taking into account differences in the social, political, geographical,
economic and educational identities of any considered community. In addition to investigating
the direct influence of the main drivers on climate change perception, we particularly examine
the interactions among drivers, identifying in this way indirect pathways of influence. We find
that perceptions are directly influenced by the share of principles and ideals within a community
and by the physical experience of weather change. Indirect influences are found to be related to
the level of development of a community, to its level of social interaction (i.e. individualistic
vs. communitarian), and to the spread of climate change information. A deeper understanding
of interactions among drivers should prove especially useful for the design of effective climate

change mitigation and adaptation measures.
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1. Introduction
Putting climate policies into practice is often a great a challenge, due to the poor understanding
of the different socio-economic and cultural impacts they may cause (Goldberg et al., 2019; ELD
Initiative, 2015). Thus, a better knowledge of the ways different socio-cultural groups perceive
climate change is crucial for the effective implementation of climate polices (Tesfahunegn, 2018).

Despite the growing impetus of governments worldwide to implement local and regional
measures aimed at addressing climate change (IPCC, 2018), current understanding of what drives
Climate Change Perception (CCP) remains modest. Among other reasons, the literature on this
topic is generally underpinned by different methodologies, uses different criteria and
terminologies, and focuses on distinct time frames and geographical locations (Howe et al., 2015;
Kahan et al., 2012). Therefore, identifying drivers of CCP and quantifying their importance is in

itself a difficult endeavour. In addition, the drivers can also interact with each other, leading to
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more complex pathways of influence (Shi et al., 2016). However, to our knowledge, no study has
reviewed these potential interactions.

In this context, it is the objective of this study to expose how interactions among drivers of
CCP ultimately affect CCPs. To meet this objective, we first identify and expose a comprehensive
array of CCP driving mechanisms obtained from a literature search that covers a wide array of
research methods, scales, locations and communities. Following this, we quantify the drivers’
strength in influencing CCP by counting the number of occurrences found in the reviewed
literature. More importantly, and in the same way, we also identify and count interactions among
drivers themselves. The resulting network of driver interactions is assessed and visualised.
Finally, the direct influence of drivers on CCP is compared to their connectivity among each
other, in order to answer the question: are drivers with high influence on CCP also well connected
to other drivers?

Identifying a comprehensive array of CCP drivers and their pathways of action, should be
useful for decision-makers to formulate more effective policies. This study may also assist in
addressing the gap between policy-makers and the public, as the provided CCP drivers are

context-independent and allow for generalization.

2. Materials and Methods

2.1. Systematic literature review

The starting point of this work was a literature search on the educational, cultural, and political
variables that determine climate change opinion at the community level. Although some of the
collected studies were originally performed at the level of individuals, we have treated their
outcomes on the community level, with the aim of providing results relevant to policy makers and
to the understanding of community needs. For this compilation, we executed a search in the Web
of Science database using the search term: “climate change opinion”. The review revealed the
term "opinion™ with a variety of meanings, most often as a synonym to perception or awareness.
For consistency purposes, we decided to adopt the term "perception™ as a metonym for opinion,
awareness and related terms. Therefore, we here define Climate Change Perception as a state of
opinion and awareness of anthropogenic climate change, with anthropogenic climate change
being defined as a persistent direct and indirect change added to the natural climate variability,
largely attributed to carbon dioxide emissions.

We imposed no temporal, geographic, or methodological restrictions. Therefore, national
and international data, peer-reviewed and grey literature, quantitative and qualitative studies were
all considered (Figure 1). We selected studies in three stages. We conducted a first selection of
300 articles out of 2,214 titles with the condition that the terms “climate change” or “global
warming” appeared in the title. In the second stage, we screened the abstracts of the 300 articles

and shortlisted 184 that clearly related “climate change” with behaviour, opinion, perception or



awareness. After examining if these works either identified many CCP drivers or analysed few
CCP drivers in depth, 49 articles remained. In addition, we then incorporated 15 more relevant
studies encountered within the references of these 49 articles, leading to a final selection of 64
studies (see Supporting Information 1, SI-1). In contrast to other recent multi-variable studies
(van der Linden et al., 2017; Hornsey et al., 2016; Shi et al., 2016; Capstick et al., 2015; Lee et
al., 2015), these 64 studies consider a wide spectrum of disciplinary perspectives by including

meta-analyses, secondary analyses, social disclosures, and survey-based studies.
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Figure 1. Flow chart of the systematic literature review

2.2. Semi-structured analysis of the selected literature

To perform the semi-structured analysis of the 64 studies, we started by collecting meta-
information for each study, which included the date of publication, location of study, data
provenance and type of study (SI-2). Controlling for the geographic area is important for two
reasons. First, to circumvent the limitation derived from data and literature availability (i.e. bias
towards the USA). Second, to test the effectiveness of the developed terminology on multiple
scales (from small groups to large populations). The two different cases that emerged were: (a)
34 international studies, which encompass multi-country studies as well as single-country, non-
USA studies (i.e. the UK, Australia, China, Spain, and India), and (b) 30 USA-only studies. Note
that the work by McCright et al.3* has been counted twice as (a) and (b) since the study itself

makes such a differentiation.



Across the studies we identified 132 key words that describe potential drivers. Subsequently,
we reduced those 132 key words (potential drivers). To do so, we used three criteria: a) number
of occurrences across studies, as larger numbers of occurrence indicate higher scientific
consideration; b) transferability across scales and sites, for the correct integration of studies of
different nature; and c¢) quantifiability. In order to ensure transferability between disciplines we
developed a common terminology, that is, we proposed a definition for each of the final 33 drivers
and grouped them into seven classes (Table 1).

In a first step we then examined each study for the presence of a positive, negative, and/or
neutral influence of each of the 33 drivers onto CCP (SI-3). For example, the following sentence
by Shi et al. (2016) was interpreted as a positive influence of Socio-altruistic values (ID:86) on
CCP: “...have been found to be important in the formation of perceptions regarding
environmental risks: egoistic values, socio-altruistic values and biospheric values”’, whereas this
influence of Self-perceived knowledge (ID:71) on CC and CCP has been interpreted as neutral:
“In this work, general scientific knowledge appeared not to be a robust predictor of perceived
climate change...”. “Neutral” here means that the study did analyse the connection but found no
effect (observed no-effect). This is different to drivers not having been considered at all.

In a second step, and following the same methodology of positive, negative and neutral
relations, we study the connections between drivers themselves (S1-2). An example of a positive
connection between the driver Self-perceived knowledge on CC (ID:71) and Emotional concern
about CC (ID:81) by Shi et al. (2016) is: “knowledge about the causes of climate change was
correlated with higher levels of concern about climate change in all countries”. With this
information, we developed a network diagram and determined the centrality (strength of
connectedness) of the drivers by use of Fuzzy Cognitive Mapping (FCM). We used the number
of connections incident on one driver to compute its connectedness (so called degree centrality)
(Kosko 1986). The centrality measures were normalized on [0,1] (SI-4). For the visualization we
applied the Yifan Hu algorithm and filtered out variables without connections.

In a third step, we compared the driver—CCP (first step) with the driver—driver relationships
(second step). In this way, we show how information is missed when accounting only for the
direct influence of drivers on CCP without taking into consideration how drivers may be related

among themselves (SI-5).

3. ldentifying drivers
This section introduces and reviews the 33 drivers of CCP as identified in this study. Table 1
provides their definitions, IDs, grouping into classes and differentiation between instrumental and

socio-political types (Table 1).



Table 1. Drivers of climate change perception. List of drivers (n=33) with their grouping into
driver classes (n=7) in bold, and corresponding definitions. Abbreviations: CC: climate change,
ID: identification number of each driver (see in SI-2).

Dr!ver Glass ID Definition
Driver
533?3:1?52 g?d Prqcesses related to receiv!ng fo-rmal instruction on the scientific
L basis of CC and to interacting with CC experts
scientific work
ansqmptlorj of 1 Reading of scientific articles on climate change
scientific articles
Direct dealing with 2 Amount of interaction and exchange of information with climate
experts experts
Awareness of Knowledge of the fact that > 90% climate experts currently agree
scientific climate 3 that climate change is happening and that it is, at least, partly
consensus anthropogenic
iﬁg\;\ﬂee[jcg;vcffdcc 4 Self-assessed level of knowledge about climate change
CC science literacy 5 Ability of understan_ding, communicating and gaining useful
" knowledge about climate change
a;.) Media exposure Exposure to mass media such as television, newspapers and radio
= . The opportunity to use mass communication means to be
% Media access 6 informed about CC
G | Volume of CC 7 Level of climate change coverage in the media
€ | coverage
g Pooul di s | 8 Exposure to largely available and understandable spoken or
2 opular media reports written accounts about climate change in the media
Transdisciplinary 9 Exposure to climate change information in a way that it is related
communication to more than one branch of knowledge
. Use of Internet to obtain and exchange information on climate
Online platforms 10 change
Influencg o Level of influence of powerful groups
corporations
Conservative public 11 Influence of establishments engaged in promoting interests
relations firms related to climate change denial
Conservative elite 12 Influence of prominent individuals and small groups promoting
cues climate change counter-movements
Conservative think 13 Influence of conservative bodies of experts providing advice and
tanks ideas on the non-existence of climate change
Energy and oil 14 Influence of individuals or groups from the energy and oil sectors
sectors promoting their own interests related to climate change denial
Ethnography The characteristic fea_ltures of societie_s and cultures with their
customs, values, habits, and mutual differences
Emotional concern 15 Self-assessed emotional concern about climate change
about CC
;ﬁ Trust 16 eB;;ieerisin the reliability of peers, civil institutions and climate
5 Level of influence of community norms, which emphasizes the
= | Collectivistic culture | 17 needs and goals of the group as a whole over the needs and
= desires of the individual
'S | Socio-altruistic 18 Possession of a set of altruistic, egalitarian and communitarian
& | values values
g | Beliefin 19 The acceptance that anthropogenic climate change is true
@ | anthropogenic CC P Pog g
Religiosity 20 Possession of religious feeling or belief in a community
Liberalism supporter | 21 Position with respect to the political activity supporting liberalism

Wealth

Material prosperity




Income and assets; total value of goods produced and services

Prosperity 22 provided in a community during one year (GDP/capita)

Willingness to pay 23 Willingness to support taxes and energy price rises to reduce

for CC polices greenhouse emissions

Free-market support 24 Position that prices for goods and services are determined by free
market

Personal experience Events or occurrences that leave an impression and/or perception

and perception of changes

E\ﬁﬁ?e weather 25 Experience of an extreme weather event (e.g. drought, hurricane)

Changed weather 26 Perception of changed local/regional weather (e.g. reduced

precipitation, increase on head wave frequency)
Experience and/or perception of agricultural activity decrease due

Loss of agricultural 27

activity to climate change (e.g. soil acidification, plagues)

Threatened cultures 28 Perception of climate change threatening cultures and/or

and ecosystems ecosystems

Health impact 29 Experience/perception of human health risks related to climate
change

Demographics Statistical data related to the population structure of a community

Non-white fraction 30 Fraction of non-white people in a community

fraction 31 Fraction of people below 30 years old in a community

Female fraction 32 Fraction of women in a community

Urban community/

. 33 Presence of high technological infrastructure in a community
developed nation

3.1. Instrumental driver classes
Instrumental drivers define the level of information about climate change within a community.

Education and awareness of scientific work. Educational attainment has been found by many

authors to be the strongest predictor of climate change perception worldwide. However,
knowledge about climate change is relatively limited in developing countries in comparison to
developed ones (Lee et al., 2015; Leiserowitz, 2007). On the other hand, in developed countries,
political commitments and promotion of particular views can threaten education and lead to the
adoption of opposing positions (Plutzer et al., 2016). Furthermore, higher literacy is not
necessarily related to a broad acceptance of anthropogenic climate change, but instead, it seems
to be associated with stronger polarization (Drummond and Fischhoff, 2017; Kahan et al., 2012).
Even when the public at large recognizes that scientists play a valuable role in society, public
disengagement still can ensue when only a minority of citizens are exposed to scientific works
directly (Castell et al., 2014). As a consequence, it is argued that most people in developed
countries perceive climate change as a complex and distant topic (Leiserowitz et al., 2015; Smith
et al., 2014) and are either unaware of or apathetic towards the scientific consensus that climate
change is occurring and is at least partially anthropogenic (Cook et al., 2013). Communicating
the scientific consensus, although vital to raise CCPs (van der Linden et al., 2019) has been proven
to be not always necessarily effective (Capstick et al., 2015).

Media exposure. Traditional media play a decisive role in the communication of climate

science. Adults obtain most of their news from radio, television and printed press and rely on the



interpretations of scientific results to understand climate change research, governance, and
decision-making (Shi et al., 2016; Kahan et al., 2012). In contrast to the predominant top-down
strategies of traditional media, online platforms are proving to be powerful pathways for engaging
individuals more effectively and broadening climate change literacy (Leas et al., 2016). Open
access reports and popular science magazines also directly impact public concern and
understanding (O’Neill et al., 2015; Brulle et al., 2012). Likewise, media coverage of major
scientific advances and assessment reports are found to have a positive effect on public knowledge
and understanding of climate change (Boykoff, 2012; Brulle et al., 2012). Thus, the influence of
the media extends far beyond the pure delivery of information, by having the capacity to polarize,
shape, enhance or inhibit people’s engagement (O’Neill et al., 2015).

Influence of corporations. Corporations have been found to enhance public exposure to

polarized information according to their own interests, i.e. powerful organizations and/or NGOs
asking for climate action vs. powerful organizations and/or private companies casting doubts
about climate change. While the effect of the first has been inspected through the drivers "Popular
media reports" and "Trans-disciplinary communication”, the second has been inspected through
this driver class, which assesses the confusion these corporations provoke in the population and
the resulting reduction of risk perception (Stern, 2016; Farrell, 2015). Thus, corporations do not
only have the capacity to influence the media but also to influence a wide range of variables
related to personal experiences and beliefs, which can ultimately undermine established

knowledge (van der Linden et al., 2017).

3.2. Socio-political driver classes
Socio-political drivers account for the convictions of climate change based on social norms, as
well as cultural, religious, and moral values.

Ethnography. Ethnography turns out to be one of the strongest drivers, as the natural, cultural
and political environment shared by a community powerfully shapes perceptions on climate
change (Kahan et al., 2012). This induces similar strategic reasoning (Howe et al., 2015; Lee et
al., 2015) and leads individuals to form opinions compatible with the values of the groups they
identify with (Clayton et al., 2015; Leiserowitz et al., 2015). Communitarian people tend to
attribute a stronger role to the anthropogenic cause of climate change than those holding
hierarchical values (Cook and Lewandowsky, 2016; Hornsey et al., 2016; Shi et al., 2016; Kahan
et al., 2012). Although differences in climate change perception exceed what political orientation
alone can explain, it is consistently found that these orientations influence a wide range of beliefs
(Bliuc et al., 2015; Hamilton et al., 2015; Huxster et al., 2015; Givens, 2014; Brulle et al., 2012).
Further, studies show that whenever climate change polarization is high in the media, citizens rely
on their political affiliation as a source of credibility to form an opinion (Hornsey et al., 2016;

Stern, 2016; Leiserowitz et al., 2015). Similarly, trust in climate scientists, civil institutions,



government or religion, has proven to shape individual perceptions ( McCright et al., 2016; Hope
and Jones, 2014; Tjernstrom and Tietenberg, 2008).

Wealth. Wealth is largely responsible for shaping the specific mitigation and adaptation
capacities of a community. In this manner, while developed countries are as likely to experience
high exposure to hazards as developing countries, they exhibit lower vulnerability, which may
lead to a further disengagement from action (Cook and Lewandowsky, 2016; Hamilton et al.,
2015; Leiserowitz, A., Thaker, J., Feinberg, G., & Cooper, 2013). Beyond this, several authors
report on the gap found between the early application of climate policies for mitigation and a later
response to an obvious need for action ( Leiserowitz et al., 2013; Brulle et al., 2012; Leiserowitz,
2007). Citizens generally transfer most of the climate responsibilities to corporations and
governments, and although they might be willing to support pro-environmental policies, they
often put their own economic interests first (Hanemann et al., 2011; Meira et al., 2009). Similarly,
it has been pointed out that in times of economic recession, belief in climate change fades as a
result of a rearrangement of priorities (Scruggs and Benegal, 2012). Also, driven by economic
interests, free-market supporters are more likely to share corporative ideologies and beliefs related
to climate change, consequently manifesting higher levels of scepticism (Cook and
Lewandowsky, 2016; Hornsey et al., 2016).

Personal experience and perception. The cognitive association between experiences of

extreme weather events and climate change (Howe et al., 2019; Briigger et al., 2015; Capstick et
al., 2015) is still under debate, although there is a broad consensus that such experiences raise
awareness (Hornsey et al., 2016; Clayton et al., 2015; Lee et al., 2015; van der Linden, 2015).
People in developed countries judge negative health, agricultural and cultural impacts as more
likely to occur to others than to themselves, viewing climate change as a threat distant in space
and time (Maibach et al., 2015; Smith et al., 2014; Akerlof et al., 2010; Moyano et al., 2009; Patz
and Olson, 2006; Patz et al., 2005). Moreover, besides extreme weather events, perceived recent
local weather changes influence the broad climate change perception, as people become aware of
the multiple climate change-related environmental threats to their communities (Howe et al.,
2019, 2012; Hornsey et al., 2016; Zaval et al., 2014; Doherty and Clayton, 2011).

Demographics. Race, age, and gender have been found to have a weak influence on climate
change perception (Shi et al., 2016; Hesed and Paolisso, 2015; Howe et al., 2015; Leiserowitz et
al., 2011). However, climate change perceptions vary geographically, both between and within
nations (i.e. rural vs. urban areas) as the result of cultural and ideological factors (Howe et al.,
2015; Lee et al., 2015).

4. Quantifying strength of drivers influencing CCP
For all 64 studies, we provide the count of how many times each of the 33 drivers was identified
to influence CCP (Figure 2).
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Figure 2. Quantification of the number of times a driver has been found to influence climate
change perception (see Section 2.2) for (a) the international case, and (b) the USA case. The sub-
drivers are grouped into seven drivers (rounded-corner frames). See description of IDs in Table
1. The bars in the graph can be basically interpreted as follows: if a sub-driver is mentioned in
many studies, its associated bar will be long. If most of these studies find a positive interaction,
the bar will be predominantly green (dark grey in a greyscale image). In this way we can easily
compare the differences in perceptions and relevant drivers between the international and the
USA case.

Results show that, in the international case, perception of 'Changed weather' is the
mechanism most frequently associated to CCP (ID: 26). Other drivers with high influencing
capacity are 'Collectivistic culture’ and 'Socio-altruistic values' (ID: 17, 18), followed by the 'Self-
perceived knowledge of CC' (ID: 4). Among these drivers, the one with more positive connections
to CCP is 'Socio-altruistic values' (ID: 18) closely followed by '‘Changed weather' (ID: 26). In
contrast, the ones with the highest share of negative influences are the 'Influence of corporations'
(ID: 11, 12, 13, 14).

In the USA case, 'Liberalism supporter' (ID: 21) and the ‘Influence of corporations' (ID: 11,
12, 13, 14) are found to have the strongest capacity to influence CCP. They are followed by 'Self-
perceived knowledge of CC' and 'CC science literacy' (ID: 4, 5). Note that only few studies report
on the drivers included in 'Personal experience and perception'.

This counting exercise provides clues of which are the most studied drivers of CCP in
different settings, as well as whether their influence was found to be positive, negative, or neutral
(observed no-effect). It also exhibits how drivers included under 'Demographics’, 'Wealth', and

'Media exposure' play a limited role in determining CCP.



5. Quantifying strength of drivers influencing other drivers

Due to potential interactions among drivers, crucial information about what drives CCPs may be
overseen when only assessing direct influences. Beyond the previous analysis, we therefore
suggest to investigate how the 33 drivers relate to each other. This information is then used to
develop a network diagram that depicts the connections and the resulting centralities (strength of
connectedness) of the drivers (Figure 3).

In the International case, 'Socio-altruistic values' (ID: 18) is found to strongly and positively
impact 'Emotional concern about CC' (ID: 15) and 'Belief in anthropogenic CC' (ID: 19). 'Urban
community / Developed nation' (ID: 33) instead, displays negative connections to 'Personal
experience and perception' (ID: 25, 26, 27, 28, 29). 'Awareness of scientific climate consensus'
(ID: 3) is negatively impacted by ‘Influence of corporations' (ID: 11, 12, 13, 14), 'Free-market
supporter' (ID: 24), 'Volume of CC coverage' (ID: 7), and 'Popular media reports' (ID: 8).

The USA network is dominated by two drivers: 'Liberalism supporter' (ID: 21) and ‘Influence
of corporations' (ID: 11, 12, 13, 14). The first exhibits multiple connections, among which a strong
positive one to 'Belief in anthropogenic CC' (ID: 19) stands out. In contrast, 'Influence of
corporations' shows negative connections not only with 'Belief in anthropogenic CC', but also
with 'Awareness of scientific climate consensus' (ID: 3), 'Popular media reports' (ID:8) and 'CC
science literacy' (ID: 5).

The network diagrams reveal how people’s CCPs are not only shaped by direct drivers, but
also by the interactions among the drivers themselves. Three of these interactions are further
highlighted here:

(1) In Figure 2a, the driver 'Urban community / Developed nation' exhibits little influence
on CCP directly, while in the network diagram (Figure 3a) this driver is quite central with several
negative connections to the drivers grouped under 'Personal experience and perception'. This
finding suggests, that the more developed a community is, the less connected to the physical
experiences of climate change it becomes. Literature indicates that the rationale behind this
observation is that developed communities with high levels of resilience towards climatic adverse
effects perceive climatic threats as distant in space and time, while the opposite occurs for less
developed communities (Cook and Lewandowsky, 2016; Hamilton et al., 2015; Leiserowitz, A.,
Thaker, J., Feinberg, G., & Cooper, 2013). A consequence of this, combined with the fact that the
drivers under 'Personal experience and perception' positively influence 'Emotional concern about
CC' and 'Belief in anthropogenic CC', is that a possible strategy for promoting climate action
could be prioritizing the knowledge of the science behind climate change (i.e. promoting
education and awareness of scientific work) in developed communities, while relating climate

change to direct threats and perceptions in less developed communities.
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Figure 3. Interactions among drivers. Network diagrams of (a) the international case, (b) the USA
case. Each line represents a connection, with the arrow indicating its direction, its width indicating
its influencing capacity (number of occurrences), and its colour indicating its nature (positive,
negative). Size-colour of the nodes indicates centrality, calculated as the number of links incident
upon each driver (i.e. degree centrality). The most relevant connections have been highlighted.
Abbreviations: CC: climate change, PR: public relations.

(2) Figure 2a shows how people’s CCPs are strongly affected by ethnographic factors
directly. The network diagram (Figure 3a) reveals that many of the drivers within this class
reinforce each other, leading to a stronger influence. In this way, powerful positive connections
exist between 'Socio-altruistic values', 'Emotional concern about CC', and 'Belief in anthropogenic
CC'. Past studies have hypothesized that this might be the case as principles and ideals shared
within a community are powerfully transmitted and induce similar strategic reasoning (Howe et
al., 2015; Lee et al., 2015; Kahan et al., 2012). Hence, in order to achieve climate action, different
strategies might be needed in collectivistic vs. more individualistic communities.

(3) In Figures 2a and 2b, drivers in the class 'Influence of corporations' show a moderate but
negative influence on CCP directly. In the network diagrams instead (i.e. Figure 3a and 3b), these
drivers are quite central and display many connections to other drivers, both negative and positive.
On the one hand, they negatively influence 'Belief in anthropogenic CC', 'Awareness of scientific
climate consensus', and 'CC science literacy' threatening not only pre-established perceptions and
believes of climate change but also, already acquired knowledge (van der Linden et al., 2017,
Stern, 2016; Farrell, 2015). On the other hand, they show positive connections to the media, i.e.
"Transdisciplinary communication’, 'Volume of CC coverage', and 'Media access', and to the
driver 'Free-market support', displaying the channels used for the dissemination of the polarized
information casting doubt on climate change. The added value of inspecting indirect influences
of CCP in this case, is thus, the possibility of identifying the most effective channels to deliver
climate change information.

Similarly, 'Liberalism supporter' is found to both strongly influence CCP directly (Figure 2b)
and influence many other drivers (Figure 3b). Among all connections, the most powerful one is
with 'Belief in anthropogenic CC', which points towards a neutralization of the effect of the

'Influence of corporations'.

6. Comparison between drivers directly influencing CCP and drivers influencing other
drivers
In order to better understand the different roles taken by the assessed drivers, we compare their

influences on CCP with their relationships among each other (Figure 4).
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Figure 4. Qualitative assessment of the driver’s influencing capacity on climate change
perception (CCP) and strength of interactions with other drivers for (a) the International case, and
(b) the USA case. Four groups are differentiated: drivers with highest direct influencing capacities
on CCP and highest connectivity (green), high direct influencing capacities on CCP and mid-low
connectivity (blue), low influencing capacities on CCP and mid-high connectivity (grey), lowest
influencing capacities on CCP and low connectivity (pink).

For both the International and the USA case, we have identified four different types of
drivers. In general, we observe a positive correlation, in the sense that drivers with a strong direct
influence on CCP are also more strongly connected to other drivers.

The most important drivers are the ones with high direct influencing capacity on CCP and
high connectivity to other drivers (Fig.4-green). They strongly promote climate change awareness
or denial, either directly or indirectly. In the International case, socio-altruistic values (ID:18) is
the driver of CCP that shows the strongest combination of both, direct and indirect
influences. However, among all, the strongest direct driver is weather changes (I1D:26), followed
by socio-altruistic values (1D:18), share of a collectivistic culture (ID:17) and the self-perceived
knowledge of CC (ID:4). For indirect influences (high connectivity), the second strongest indirect
driver of CCP, after socio-altruistic values (ID:18), is emotional concern about CC (ID:15). In the
USA case instead, political affiliation (ID:21) appears as the strongest positive direct and indirect
driver of CCP, while multiple influences of corporations (ID: 11,12,13,14) are the second most
important direct and indirect drivers, strongly promoting climate change denial.

Further, we identify drivers with intermediate importance due to either considerable direct
influencing capacity to CCP through specific channels or paths of influence (Fig.4-blue), or high
connectivity to other drivers (Fig.4-grey). Drivers of lesser importance exhibit low direct
influencing capacity as well as low connectivity (Fig.4-pink). To reduce the size of the current

model, these drivers could therefore be removed.



7. Conclusions

In this study we carried out a systematic literature review that allowed the construction of a semi-
structured framework for the identification of drivers of Climate Change Perception (CCP) and
the quantification of their importance as well of their connectivity.

The collection and definition of drivers (N=33) resulting from the analysis of the literature
review convened disperse information under the same terminology and facilitated its use trough
their grouping into seven driver classes (Table 1) adding to the existing gap of common
terminology across disciplines and targeted communities. The development of this novel semi-
structured framework allows for: (1) the quantification of driver influence; (2) the distinction of
positive, negative, or neutral (observed no-effect) influences (Figure 2); (3) the analysis of
interactions between drivers, pointing to indirect paths of influence to CCP (Figure 3). In
particular, for our case study, we observe that the driver 'Urban community/developed nation'
while overlooked when inspecting its direct influence to CCP (Figure 2) is found to play an
important role in CCP. Moreover, the drivers 'Emotional concern about CC', 'Belief in
anthropogenic CC' and 'Socio-altruistic values' are highly interconnected among themselves,
reinforcing their influence to CCP. Similarly, the drivers under the umbrella of 'Influence of
corporations' are highly connected to many other drivers, strongly influencing CCPs in multiple
indirect ways. When inspecting the different roles taken by the assessed drivers, we find that these
are either highly influential, specifically influential through specific channels or paths of
influence, mediators, or only slightly influential to CCP (Figure 4).

The literature search conducted to identify the drivers is not without limitations. First, due to
data availability, it is more inclined towards quantitative longitudinal surveys, rather than in-depth
community contextualized studies; and towards more developed countries than developing
countries. Second, it is here not possible to disentangle whether the differences in CCP drivers’
guantification obtained for the two cases are a product of unbiased investigations or the result of
the different criteria taken into account when developing the original studies in each case. Third,
the quantification of the interactions/connections is based on subjective interpretation of the
works in the literature database.

Conversely, the methodology followed in this study has several advantages. First, by
merging similar variables and removing restricted cases, the key drivers are exposed. Second, it
combines disperse information under a single terminology, making it comparable regardless of
the context of the study. Third, it offers an interdisciplinary view that is most valuable for
decision- and policy-making, as this work structures the key drivers of CCP found across
disciplines in a comparable way.

Taking into account the seven driver classes when developing climate policies may help in
developing policies that are more in line with the public’s perceptions, needs, and capabilities.

Moreover, the understanding of how drivers that shape CCP are interconnected among themselves



should support the development of effective mitigation and adaptation policies that are in

concordance to a particular community, of any characteristics.
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Information for Figure 2

Quantification of
influence of drivers
to CCP
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Information for Figure 3

Quantification of the
interaction between
drivers
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Source, Target,Weight

Positive
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71,43,1
71,44,1
71,45,1
125,81,1
125,84,1
122,81,1
85,87,2

71,87,2
41,87,2
42,87,2
112,86,1
115,94,1
94,1151
86,71,1
84,71,1
122,42,1
123,42,1
21,1011
21,102,1
21,104,1
21,72,1
125,71,3
125,72,1
125,101,1
125,85,1
71,71,1
71,72,1
91,41,1
91,42,1
91,71,1
91,72,1




125,41,2
125,43,1
81,411
81,421
81,431
81,441
81,451
85,93,2
87,811
101,711
101,72,2
102,71,1
102,72,1
103,71,1
103,72,1
104,71,2
104,72,3
103,84,1
122,21,1
86,44,1
86,45,1
71,84,1
71,85,1
72,811
72,84,1
72,851

Negative

85,421

85,431

85,931

42,86,3

43,86,11
102,51,1
102,87,2
102,86,2
102,81,1
102,33,2
103,51,1
103,87,1
103,86,1
103,81,1
103,33,2
101,86,1
101,87,1
42,811

111,86,1
112,86,1
114,86,1
115,86,1
111,33,2
112,33,2
114,33,2

115,33,2
111,511
112,511
114,511
115,511
94,33,2
94,841
94,87,1
94,711
71,101,1
85,84,1
85,86,1
85,811
86,85,1
102,31,1
123,72,1
123,102,1
125,931
94,931
125,41,3
125,42,3
125,43,3
125,44,3
125,45,3
125,85,1
91,43,1
91,44,1
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91,451
33,81,1
87,81,1

Neutral

71,511
71,931
72,511
72,931
125,87,1
125,93,1
71,411
71,421
71,431
71,44,1
71,45,1
72,411
72,421
72,431
72,44,1
72,45,1
125,86,1
125,42,1
125,41,1
125,87,1
125,81,1
125,84,1

41,93,1
42,93,2
71,931
81,93,1
86,93,1
87,93,2

(b) USA

Positive

115,102,3
115,103,2
115,112,2
115,114,2
115,111,2
51,81,4
51,85,2
51,86,2
71,511
71,61,1
103,51,1
51,42,3
51,84,4
91,102,2
91,103,1
91,104,1




94,102,1
94,103,1
94,104,1
112,94,2
81,611
115,94,2
111,94,2
94,112,2
94,114,2
94,115,2
94,111,2
112,101,2
114,101,2
115,101,2
111,101,2
112,102,3
114,102,3
111,102,3
111,112,1
111,114,1
111,1151
112,1111
112,112,1
112,114,1
112,115,1
114,1111
114,112,1

114,114,1
114,115,1
115,115,1
111,1111
86,33,1
86,42,2
33,87,3
51,87,8
51,713
51,723
123,33,1
111,103,1
112,103,1
114,103,1
111,104,2
112,104,2
114,104,2
115,104,2
21,841
125,86,1
125,51,1
125,71,1
125,87,1
85,86,2
85,51,1
85,71,1
85,87,2

125,85,1
51,511
72,871
72,72,1
104,72,2
104,84,3
84,871
85,811
85,84,1
86,81,1
86,87,1
51,93,2
51,941
81,87,2
81,331
81,72,1
81,84,1
122,71,1
122,72,1
122,87,1
61,93,1
61,86,1
61,44,1
61,45,1
111,81,1
112,81,1
102,81,1

16

103,81,2
104,81,2
111,45,1
112,45,1
102,451
103,45,2
104,45,2
111,441
112,441
102,44,1
103,44,1
104,44,1
103,84,1
71,45,1
71,811
71,84,2
72,451
121,851
121,61,1
121,125,1
41,1211
121,21,1
121,51,1
122,21,1
122,51,1
45,85,1
42,85,1

43,85,1
44,85,1
41,85,1
45,81,1
42,81,3
43,81,1
44,81,1
41,81,1
45,87,1
42,87,2
43,87,1
44.87,1
41,87,1
86,43,1
86,44,1
86,41,1
86,45,1
85,42,1
85,43,1
85,44,1
85,41,1
85,45,1
87,42,1
87,43,1
87,441
87,411
87,45,1




84,421
84,431
84,441
84,411
84,451
71,72,1
71,87,2
33,721
33,841
104,71,1
104,87,1
91,871
91,811
91,931
51,311
51,331
51,104,1
51,41,1
51,44,1
51,45,1
123,81,1
44,611
33,511
104,33,1
104,51,1
42,841
42,86,1

45,86,1

Negative

51,94,2

71,511

71,611

111,33,5
112,33,5
114,33,5
115,33,5
111,87,5
112,87,4
114,87,4
115,87,4
111,81,1
112,81,1
114,81,1
115,81,1
122,33,1
102,87,1
103,87,1
104,87,1
85,81,1

85,84,1

85,87,1

61,33,1

111,721

112,72,1
114,72,1
115,72,1
111,103,2
112,103,2
114,103,2
115,103,2
111,86,1
112,86,1
114,86,1
115,86,1
111,841
112,84,1
114,841
115,84,1
111,411
112,411
114,41,1
115,41,1
111,42,1
112,42,1
114,42,1
115,42,1
111,43,1
112,43,1
114,43,1
115,43,1

17

111,441
112,44,1
114,44,1
115,44,1
111,45,1
112,45,1
114,45,1
115,45,1
125,41,1
125,42,1
125,43,1
125,44,1
125,451
125,87,1
111,511
112,511
114,51,1
115,51,1
91,87,1

114,511
115,51,1
72,811
72,451
122,33,1
93,87,1
61,87,2
45,87,1
33,94,1
42,51,1
42,711
42,91,1
42,122,1
42,123,1
71,421
103,102,1
103,104,1

Neutral

111,81,1
112,81,1
114,81,1
115,81,1
111,511
112,51,1




Supplementary Information 5

Information for Figure 4

(@) International (b) USA 102 6 0,3182 102 S 0,3116
id | Influence @ Driver’s id Influence = Driver’s 103 ° 0,2576 103 : 0,3930
to CCP connectivity to CCP connectivity 104 6 0.1819 104 > 0.4264
21 4 0,1062 21 4 0,1149 111 3 0,0456 111 7 0,7543
31 3 0,0304 31 2 0,0001 112 5 0,0759 112 10 0,7379
33 7 0.2576 33 5 05576 114 4 0,0456 114 7 0,6560
a1 12 02728 a1 6 02133 115 4 0,0759 115 8 0,7379
42 20 05151 42 6 04264 121 2 0,0001 121 3 0,0821
43 6 0.4091 43 0 0.1805 122 7 0,0607 122 4 0,1149
a4 7 0.1819 a4 0 0.3116 123 8 0,0607 123 2 0,0329
45 171 0.1516 45 4 0.4100 125 5 0,5757 125 2 0,1805
51 11 0,3182 51 13 0,9511
61 4 0,0304 61 3 0,1805
71 15 0,5757 71 9 0,3116
72 5 0,3182 72 7 0,2789
81 12 0,8333 81 4 0,6232
84 6 0,2273 84 1 0,4100
85 17 0,4394 85 3 0,3936
86 18 0,9999 86 7 0,3280
87 9 0,5454 87 3 1,0003
91 8 0,2122 91 5 0,1313
93 6 0,5151 93 1 0,0657
94 4 0,1667 94 4 0,3280
101 4 0,1667 101 4 0,1149
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ID rename

Liberalism supporter 51 21
Wealth

Prosperity 91 22
Willingness to pay for CC polices 93 23
Free-market support 94 24
Personal experience and perception

Extreme weather events 41 25
Changed weather 42 26
Loss of agricultural activity 43 27
Threatened cultures and ecosystems 44 28
Health impact 45 29
Demographics

Non-white fraction 121 30
Young fraction 122 31
Female fraction 123 32
Urban community/developed nation 125 33

Driver class raw id paper id
Driver

Education and awareness of scientific work

Consumption of scientific articles 31 1
Direct dealing with scientists 32 2
Awareness of scientific climate consensus 33 3
Self-perceived knowledge on CC 71 4
CC science literacy 72 5
Media exposure

Media access 101 6
Volume of CC coverage 102 7
Popular media reports 103 8
Transdisciplinary communication 104 9
Online platforms 21 10
Influence of corporations

Conservative public relations firms 111 11
Conservative elite cues 112 12
Conservative think tanks 114 13
Energy and oil sectors 115 14
Ethnography

Emotional concern about CC 81 15
Trust 84 16
Collectivistic culture 85 17
Socio-altruistic values 86 18
Belief in anthropogenic CC 87 19
Religiosity 61 20





