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Abstract

Research has shown that, in many cases, variability in climate change risk perception tends to be
greater within countries than between them. The aim of the article is to analyse how climate change risk
perception is related to climate change impact perception among individuals across countries with
different climate change risk exposure. We employ a data-driven analytical approach and identify
within-country population clusters. Analysis is based on the International Social Survey Programme
(ISSP) module “Environment IV” data. The countries are classified into three groups according to their
exposure to climate change risks on the basis of the Global Climate Change Risk Index — high, medium
and low. A two-step cluster analysis performed across the multi-country sample identified three clusters
based on individual-level patterns of risk and impact perception, and of almost equal share. First cluster,
“vigilant”, is characterised by high risk perception and low impact perception; second cluster,
“disquieted”, displays high risk perception and high impact perception, and third cluster, “reluctant”,
has moderate risk and impact perception. Findings show that the distribution of clusters differs
significantly between the three groups of countries, suggesting that climate change risk exposure
influences the cognitive framing that links perceived risks and impacts among individuals.

Introduction

The scientific literature is rich in research on the impacts of climate change on human well-
being and the need for large-scale adaptation (Collins et al., 2013; Kjellstrom & McMichael,
2013; Nascimento et al., 2022; Sen Roy, 2018) . When it comes to individuals and households,
the focus is on lifestyle changes and solutions to reduce the carbon footprint of everyday
decisions and to strengthen resilience. Climate modelling shows that the Paris Agreement will
not be met in the forthcoming decades (Nascimento et al., 2022), so preparing populations to
adapt to the adverse effects of climate change is crucial. Social research on public perceptions
of climate change, its risks and preparedness for adaptation is considerable but still evolving
(e.g. (Gonzalez & Sanchez, 2021; Linden, 2015; Vulturius et al., 2018), as are literature reviews
(see for example Salas Reyes et al., 2021) and bibliometric analyses (Anjum & Aziz, 2025;
Fan et al., 2022; Fu & Waltman, 2022). One important factor is how people perceive the risks
of climate change (Wang et al., 2019; Gilbert & Lachlan, 2023). Published studies explain
perceptions of climate change risk based on affective (e. g. Salas Reyes et al., 2021), cognitive
(e. g. Xie et al., 2019), experiential (e. g. Lacroix et al., 2020), objective spatial (e. g. Grover
et al., 2017), socio-structural factors (e. g. Echavarren et al., 2019), but the results are
incomplete, geographically fragmented or inconsistent (Gilbert & Lachlan, 2023; Martin,
2023).

In looking for further ways to strengthen the theoretical toolbox for explaining the
perception of climate change risks, it is important to note several typical methodological
decisions in this field of research: data from a single country are usually used, and explanatory
models are often applied to the population as a whole, without considering that populations are
not homogeneous, but rather segmented, and that explanatory models may perform differently
in different segments. That is, hypothetically, if socio-demographic variables explain risk
perception in one segment well, they may be insignificant in another segment, because
worldview variables may be stronger factors in that segment. When analysing the population
as a whole, such differences are flattened out, possibly masking different mechanisms of



perception formation. There is a lack of studies that look for naturally occurring (identified via
data-driven analysis) segments based on climate change perception variables. Moreover, it is
important to note that cross-national studies find the between-countries variability of climate
change risk perception to be less than the within-country variability (Bostrom et al., 2012;
Budescu et al., 2014; Weber, 2016), which further strengthens the case for comparative studies
of population segments. The negative impacts of climate change are not evenly distributed
globally. Scientific efforts to understand the different impacts of climate change on different
countries have led to a ranking of countries according to their climate change exposure
(Eckstein et al., 2021). Risk is defined in relation to threat exposure (Collins et al., 2013).
Individual experiences of climate change adverse effects, and the ways that individuals make
sense of these experiences, linking them to the climate change, is extremely important in
understanding climate change risk perceptions (Broomell et al., 2015; Myers et al., 2013;
Rudman et al., 2013; Spence et al., 2011; Weber, 2016).

To address the lack of climate change risk perception comparative studies of population
segments, and the lack of research that connects risk perceptions to perceived climate change
impacts, we perform cluster analysis with data from International Social Survey Programme
(ISSP) Environment Surveys Wave IV (ISSP Research Group, 2023).

The paper aims to analyse how climate change risk perception is related to
perception of local climate change impacts in countries with different climate change risk
exposure. The following research questions are addressed in this article:

RQ1: What distinct clusters of individuals can be identified based on their perceptions of
climate change risk and their perceived local impacts of climate change?

RQ2: Is the structure of the clusters significantly different among populations from high,
medium and low climate change exposure countries?

RQ3: What are the differences across countries in the cluster structure?

The findings from this cluster analysis provide insights into how different segments of the
population perceive the risks and local impacts of climate change, and how these are related to
exposure to climate change risks. This can inform targeted communication strategies, policy
development, and educational programs.

Conceptual framework

Climate change risk perception has been effectively conceptualized in models such as van
der Linden's Climate Change Risk Perception Model (CCRPM), a seminal framework that
integrates multiple social-psychological factors (Linden, 2015). Beyond the CCRPM,
numerous other conceptual and measurement frameworks have been developed to capture the
multidimensional nature of climate change perception. Among these, the scale proposed by
Van Valkengoed and colleagues (Simis et al., 2016) is particularly relevant to the focus of this
study, as it includes risk perception alongside perceived reality, causes, and consequences of
climate change. While this scale provides a valuable measurement tool, we further rely on van
der Linden’s CCRPM because it aligns more closely with the structure of the representative
survey data provided by the ISSP Environment module. According to Gilbert & Lachlan
(2023), the CCRPM has explained nearly 50% of the variance in climate change risk
perceptions in a number of Western countries, e. g. Canada (Lacroix et al., 2020), United
Kingdom (van der Linden, 2015), Italy (Castellini et al., 2024) or the United States (Gilbert &



Lachlan, 2023). The CCRPM model integrates cognitive, experiential, socio-cultural, and
socio-demographic factors.

Cognitive factors pertain to subjectively reported or objectively assessed knowledge about
climate change causes, impacts and possible responses (van der Linden, 2015; Gilbert &
Lachlan, 2023). Climate change knowledge plays an important role in shaping risk perception,
with several studies suggesting that higher levels of knowledge are associated with increased
concern about climate change (Castellini et al., 2024; Zobeidi et al., 2020). However, the
relationship between knowledge and climate change risk perception is not straightforward.
Research has also shown that knowledge alone does not consistently predict risk perception
across all contexts, and its influence may depend on how knowledge is conceptualized or
measured (van der Linden, 2015; Gilbert & Lachlan, 2023). This reflects broader insights from
science communication research, which has critiqued the so-called "knowledge-deficit model"
- the assumption that more information leads directly to greater concern or engagement (Simis
et al., 2016).

Socio-cultural factors of the CCRPM include value orientations and descriptive and
prescriptive social norms (van der Linden, 2015). Despite proof of significant impacts of social
norms on climate change risk perception in some populations, e. g. in Italy (Castellini et al.,
2024), generally these factors exhibit inconsistent impacts across different cultural contexts
(Elshirbiny & Abrahamse, 2020). This inconsistency underscores the complex interplay
between individual risk perceptions and broader societal influences. Among the factors within
CCRPM, socio-demographic factors such as age, education and income level exhibit
particularly mixed results in the literature. This does not imply that these factors are uniformly
insignificant, but rather, that the evidence on the explanatory power of socio-demographic
factors is mixed, with findings varying by context and variable. Some studies show that
younger individuals, women and those with higher education exhibit greater climate change
risk perception (e.g. Demski et al., 2017; Echavarren et al., 2019; Ergun et al., 2024; Paniello-
Castillo et al., 2025). However, other studies have suggested that classical sociodemographic
variables can’t explain a significant share of variability in climate change risk perception
(Brulle et al., 2012). At the same time, studies such as Sen Roy (2018) emphasise that gender
plays a critical role in shaping lived experiences of climate change, particularly in the Global
South, suggesting the need to be more sensitive and consider how such experiential inequalities
may also influence perceived local impacts.

Experiential processing factors involve affect and personal experiences with climate change
adverse effects, for example, extreme weather events (van der Linden, 2015). Affect has been
shown to explain a larger variance in climate change risk perception compared to previous
experiences with extreme weather events (Gilbert & Lachlan, 2023; Lacroix et al., 2020).
Similarly, Castellini et al., (2024) have shown that affect and social norms explained more
variance in risk perception than other variables in Italian population. This suggests that
emotional responses to climate change related threats may drive perceptions of risk more
strongly than individual experiences with climate change impacts, not negating experiential
factors effects. There is evidence linking personal experiences of extreme weather effects to
heightened risk perceptions(Broomell et al., 2015; Myers et al., 2013; Rudman et al., 2013;
Spence et al., 2011; Weber, 2016). Experience with extreme weather events has been shown to
be a significant predictor of climate change risk perception in Italy (Castellini et al., 2024) and
Egypt (Elshirbiny & Abrahamse, 2020). But Brulle et al. (2012), using time-series analysis of
U.S. public opinion data, found that weather extremes have no effect on aggregate public



opinion. A recent narrative review by Sambrook et al. (2021) further highlights how the
influence of personal experience is shaped by individuals' prior beliefs, emotional responses,
and interpretative frameworks, helping to explain variation in how climate change impacts are
perceived. The same holds for more recent research.

Gilbert & Lachlan (2023) has also discussed that results are inconsistent, probably
depending not just on country cases, but also on the type of experience. For example, Lacroix
et al. (2020) have found that direct exposure to forest fires and other types of extreme weather
events was not a significant predictor of climate change risk perception in Canada.
Interestingly, the study has shown that the indirect exposure (through media and conversations)
was associated with stronger climate change risk perception in the beginning of their quasi-
experiment (Lacroix et al., 2020). Brulle et al. (2012) have also proved that media coverage
of climate change directly affects the level of public concern in U.S. Inconsistency can also be
explained by the possibility of mediating the effect of experience on risk perception. An
analysis by Ai et al. (2024) showed that party affiliation is an important mediating factor, and
extreme weather experiences amplified the perceptions of climate change risk among
individuals without party affiliations. This led them to suggest that the relationship between
experiences and risk perception is not direct, but rather influenced by other cognitive
frameworks, such as perceptions of causality (Ai et al., 2024).

A separate branch of research in the field of climate change risk perception looks at the
importance of spatial factors. Several studies have explored this relationship, highlighting the
importance of geographic proximity and local environmental conditions (BalZzekiené et al.,
2024; Jayakody et al., 2025; Raymond & Brown, 2011; Sikder & Mozumder, 2020).
Geographical proximity to areas directly affected by climate change has been shown to increase
climate change risk perception in Europe (BalZekiené et al., 2024), and in the U.S. population
(Sikder & Mozumder, 2020). This relationship between proximity and perception helps
account for why populations in countries facing higher climate risk exposure often report
elevated levels of concern (Echavarren et al., 2019; Gartin et al., 2020; Grover et al., 2017).
This variation depends, among many other factors, on specific climate-related hazards faced
by each country. Multilevel analysis of climate change risk perception in multiple European
populations has shown that variables related to natural hazards, like temperature increases or
water deficit, can significantly explain climate change risk perceptions (Echavarren et al.,
2019). Similarly, Grover et al., (2017) found that as objectively assessed risk increases,
perceptions of climate change risk significantly rise among the U.S. population. To assess the
extent to which countries are impacted by weather-related loss events such as storms, floods,
and heatwaves, Germanwatch has developed the Global Climate Risk Index (CRI) (Eckstein
et al., 2021). This index ranks countries based on their vulnerability and exposure to extreme
weather events and serves as a convenient tool to conduct scientific comparative analyses
(Grant et al., 2023; Halkos & Zisiadou, 2023).

These findings collectively underscore the multifaceted nature of climate change risk
perception and the need for further advancing the explanatory research. We suggest combining
country-level variables describing climate change risk exposure and individual-level variables
defining climate change risk perception and perceived local impact of extreme weather events.



Materials and methods

Our article aims at exploring the clusters in the population that can be identified based on
public risk perception of climate change and the perception of climate change impacts in the
respondent’s living place.

The objectives of the article are (1) to identify and explore distinct groups in the public
based on the risk perception of climate change and perception of local impacts of extreme
weather events and (2) to compare the structure of these groups in a set of counties with
different levels of exposure to climate change. Therefore, we are using two different types of
data: international survey data to capture subjective perceptions and the global climate change
risk index to assess objective exposure levels for the grouping of countries with different
exposure levels to climate change impacts.

Survey data analysis in this article is based on the International Social Survey Programme
(ISSP, issp.org) module ISSP “Environment IV 2020 (ISSP Research Group, 2023). The full
data set includes 28 countries and 44100 respondents globally. The participation of countries
in ISSP is funded by national funding bodies; therefore there is an uneven representation of
countries from different geographical regions. Countries that participated in ISSP
“Environment IV” module are: Australia (AU), Austria (AT), China (CN), Croatia (HR),
Denmark (DK), Finland (FI), France (FR), Germany (DE), Hungary (HU), Iceland (IS), India
(IN), Italy (IT), Japan (JP), Republic of Korea (KR), Lithuania (LT), New Zealand (NZ),
Norway (NO), Philippines (PH), Russian Federation (RU), Slovakia (SK), Slovenia (SI), South
Africa (ZA), Spain (ES), Sweden (SE), Switzerland (CH), Taiwan (TW), Thailand (TH), and
United States of America (US). There is a low representation of countries from Africa and
Latin America. Data was collected from 2019 to 2023. It is worth noting that data collection
took longer than usual in ISSP due to COVID-19 restrictions on field data collection. In all
countries, a probability sampling method was used. The universe for sampling was persons
aged 18 years and older with a few exceptions. The data collection for representative samples
was administered by national organisations in each country, responsible for ISSP
implementation. Data collection mode varied country by country, and included mainly face-to-
face interviews, with some exceptions. See detailed explanation of ISSP module
“Environment” IV methodology, sampling strategy, data collection modes, list of organisations
responsible for data collection and access to raw data in ISSP Research Group, 2023'. The map
of participating countries is available at the ISSP webpage issp.org.

Since the ISSP’s geographical coverage is uneven, our article aims to analyse mindset
structures based not on differences between countries, but on the objective realities of
individuals’ exposure to climate change risks.

To be able to use data from all ISSP module “Environment” IV countries, we proposed to
classify them based on the level of exposure to climate change risk for further analysis. There
are different indicators to measure climate change risk and climate change mitigation and
adaptation performance. For example, ND Gain index (Notre Dame Global Adaptation Index)
measures countries' adaptive performance to climate change risk, and the Yale EPI index
includes indicators on climate change mitigation performance. However, our objective is to
categorise countries based on their exposure to climate change impacts, rather than on their
adaptation efforts or climate performance levels, to be able to compare the mindsets of people
living in different climate change risk exposure.

L https://www.gesis.org/en/issp/data-and-documentation/environment/2020
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The Climate Risk Index (CRI, https://www.germanwatch.org/en/cri), published since 2006,
is one of the longest-running annual climate impact-related indices. The CRI analyses climate-
related extreme weather events degree of effect on countries. We have chosen Global Climate
Change Risk Index, because it provides the cumulative risk index, based on data from a decade
from 20 years period (2000 — 2019), thus we believe that this index is a comprehensive and
reliable database to use for the country classification according to the climate risk exposure
level. Countries from the ISSP sample are classified based on their exposure to climate change
using the Global Climate Risk Index 2021 by German Watch (Eckstein et al., 2021). This index
ranks countries based on the extent to which they have been affected by the impacts of climate-
related extreme events. We are using the report from 2021, as it is closest in time to the field
work of ISSP. In the Climate Risk Index (CRI) countries are classified into 5 groups, with
values from 1 — highest risk group to 5 — lowest risk group. Few countries/ regions from ISSP
sample did not have values in CRI. The data from the U.S. is missing from CRI, and the report
does not explain why this data is missing. For our article, we needed to assign U.S. so one of
the climate risk exposure group, to be able to make use of ISSP data from the U.S. We have
decided to assign the U.S. to the same climate risk group as Canada and Mexico (group 4) The
U.S. was placed in the same group as Canada and Mexico, based on the IPCC Sixth Assessment
Report on North America (Intergovernmental Panel On Climate Change, 2023; Lucatello et al.,
2022) which does not indicate that the U.S. faces significantly higher climate risk impacts
compared to the other two countries.

Among the ISSP sample countries, none belonged to climate risk group 1, and only the
Philippines was from risk group 2 in the Germanwatch risk index.

We admit that this is the limitation of the study, as countries from climate change risk groups
1 and 2 are underrepresented; however, this is caused by the ISSP coverage. Therefore, we
joined the Philippines with the countries from group 3 for the creation of sub-samples of
different exposure groups. Countries in the ISSP sample were divided into three groups of
climate change exposure using the following rule (see Table 1):

1. High climate change risk: CRI groups 2 and 3
2. Medium climate change risk: CRI group 4
3. Low climate change risk: CRI group 5

Table 1. Grouping of countries by climate change risk for the analysis

Climate change risk Climate change risk  Group for analysis
index 2000-[121019 (score) group from
Germanwatch!2
PH-Philippines 18.17 2 1
AU-Australia 47.67 3 1
HR-Croatia 47 3 1
FR-France 41.67 3 1
DE-Germany 38.17 3 1
IN-India 38.5 3 1
IT-Italy 39 3 1
RU-Russia 48.5 3 1
ES-Spain 46.5 3 1



https://www.germanwatch.org/en/cri

TH-Thailand 29.83 3 1
AT-Austria 56.5 4 2
CN-China 56.33 4 2
TW-Taiwan 3! 53.52 4 2
HU-Hungary 74 4 2
JP-Japan 64.83 4 2
KR-Korea (South) 85.17 4 2
NZ-New Zealand 85 4 2
SI-Slovenia 55 4 2
ZA-South Africa 76 4 2
CH-Switzerland 57.67 4 2
US-United States 4 N/A 4 2
DK-Denmark 118 5 3
FI-Finland 153.5 5 3
IS-Iceland 168.5 5 3
LT-Lithuania 118.17 5 3
NO-Norway 137.5 5 3
SK-Slovakia 114.83 5 3
SE-Sweden 131.33 5 3

I Global Climate Risk index, https://www.germanwatch.org/en/19777 Lower value, higher climate change risk
(p. 43-46)

[21 Global Climate Risk index (p.15) (1 — highest risk group; 5- lowest risk group)

Bl Value from the German watch of Chinese Taipei

B Germanwatch data is not available for the US.

Three groups of countries, classified by objective exposure to local climate change impacts,
create three sub-samples for the analysis, with the highest share of respondents in the group
with medium exposure to climate change risks (see Table 2).

Table 2. Structure of sub-samples by exposure to climate change risks

Exposure to climate risks N. of respondents Y%

High climate change risk 14763 33.5
Medium climate change risk 20587 46.7
Low climate change risk 8750 19.8
Total 44100 100.0

In this article, we use data data-driven approach and look for the internal structure of mental
models that are not based on the country differences, but rather on cognitive variabilities in the
populations with different exposure to climate change risks.

The general logic of data analysis in this article, in relation to research questions, is
presented in Figure 1.
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Total sample of respondents (ISSP Environment IV) N=44100

RQ1

Identification of clusters (two step cluster analysis) based on:
- Climate change risk perception
- Perceived local impacts of extreme weather events

— .

RQ2 RQ3

Comparison of cluster structure in sub- Comparison of cluster structure
samples of countries with different climate across countries

change risk exposure (based on Global

Climate Risk Index; high - medium -low)

Figure 1. Logic of data analysis

The rationale behind the selection of variables for cluster analysis is the nexus of general
risk perception of climate change and perceived local impacts of extreme weather events. We
assume that these variables reveal distinct mental models encompassing general awareness and
concerns, together with localised contexts of exposure to extreme weather events. Our
methodological approach (see Figure 1) is to dissociate cluster analysis from country-level
classification. Therefore, first we have run cluster analysis on the total ISSP sample of 44100
respondents to identify underlying mental models on risk perception—impact perception axis
(RQT1). Furthermore, we analysed the cluster structure within three groups of respondents, each
representing different levels of exposure to climate impacts. It is important to note that this
analysis was conducted independently of the country level, as we used sub-samples based on
exposure level (RQ2). And lastly, we examined the structure of the previously identified
clusters at the country level to identify significant outliers and differences (RQ3).

We used the following variables from ISSP Environment IV for the cluster analysis in the ISSP
sample:

Climate change risk perception
“A rise in world's temperature is (dangerous/ not dangerous) for environment™:

[1- extremely dangerous, ... , 5 — not dangerous at all]
This variable was recoded, so that higher value would mean higher risk perception. Values of
recoded variable range from 1 — not dangerous at all, ... , to 5 — extremely dangerous].

Climate change risk perception in the ISSP survey is measured using one item, which is a
part of a set of items measuring risk perception of environmental issues. While it is common
in survey research to use multi-item constructs, the use of a single item to measure climate
change risk perception is widely accepted in academic literature, particularly in the
international comparative surveys. For example, one item used for the analysis of climate
change risk using ISSP data (Luis et al., 2018), World value survey (Martin, 2023),
Eurobarometer survey (Ergun et al., 2024) and Gallup world poll (Knight, 2016).



Perceived local impact of extreme weather events
“Thinking about your neighbourhood, to what extent, if at all, was it affected by the following
things over the last twelve months? Extreme weather events (such as severe storms, droughts,
floods, heat waves, cold snaps, etc.)”

[l —notatall, ..., 5 —to a very great extent]
The ISSP questionnaire includes only a single variable to measure perceived local impacts of
extreme weather events and does not distinguish between different types of events. As a result,
respondents based their answers on their own understanding of the events relevant to their local
areas. In our analysis, these variables are treated as interval-scale.

Two-step cluster analysis was performed using these two variables (climate change risk
perception and perceived local impact of extreme weather events). Two-step cluster analysis
used for large data sets allows the identification of groups of respondents that are similar by
identified features and different from respondents in other groups (clusters). Two-step cluster
analysis finds the most suitable number of clusters, and proposes data data-driven solution.
Cluster analysis is suitable for exploratory data analysis. Two-step cluster analysis is used for
both continuous and categorical variables, and this method is especially effective for
uncovering patterns and relationships in complex datasets without requiring prior knowledge
of the number of clusters (SPSS analysis, 2024). The variables used for the identification of
clusters were treated as continuous and were normalised before conducting cluster analysis.

The results of two-step cluster analysis determined three clusters and indicated “good”
quality according to the average silhouette (see Figure 2). The silhouette measure of cohesion
and separation is of value of 0.5.

Figure 2. Cluster quality of two-step cluster analysis

Cluster Quality

T T T
-1,0 -05 0,0 05 1,0
Silhouette measure of cohesion and separation

Other characteristics of clusters are presented further in the results section.

Other statistical methods used in the article include descriptive statistics to present
frequencies, means and standard deviations; chi-square tests, and post-hoc analysis of chi-
square results using pairwise comparisons of with a Bonferroni correction to identify which
specific groups are different from each other. Data analysis was conducted using SPSS 29.0
software.

Results

The analysis of key variables in this study revealed significant differences in the perception of
climate change risks and the perceived local impacts of extreme weather events in the analysed
countries (see Figures 3 and 4).

Climate change risk perception is considerably high in almost all countries in the sample. In
all countries (except China), more than half of the respondents identify climate change as
extremely dangerous or very dangerous to the environment. On the contrary, the local impact
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of extreme weather events in the neighbourhoods of respondents is not perceived as high in
most countries. One interesting extreme is Taiwan, where climate change risk perception is
highest compared to other countries; however, the perception of local impacts is low.

Climate change risk perception
% of answers "extremely dangerous" + "very

TW-Taiwan
DE-Germany
ES-Spain
AT-Austria
JP-Japan
Sl-Slovenia
PH-Philippines
KR-Korea (South)
HR-Croatia
NZ-New Zealand
FI-Finland

Total

IS-Iceland
TH-Thailand
IT-Italy
LT-Lithuania
SE-Sweden
CH-Switzerland
IN-India
AU-Australia
SK-Slovakia
FR-France
HU-Hungary
ZA-South Africa
NO-Norway
US-United States
RU-Russia
DK-Denmark
CN-China

dangerous"

- 83,1%
| 81,9%
I | 79, 9%
I 79,3%
I | 76,7 %
I 74,8%
| 72, 6%
I 72, 0%
I 70,9%
| 63 8%
- 67,5%
I | 66,7 %
I | 66,5%
| 66,2 %
| 66,1%
| 65, 6%
| 65 5%
I 65 5%
I | 65,2 %
I | 64,5 %
I 64,1%
- 64,1%
I 60,4%
e 60,0%
I 59, 4%
- 58 8%
| 58 4%
- 56,8%
— 44,8%

30,0% 40,0% 50,0% 60,0% 70,0% 80,0% 90,0%

Figure 3. Answers to the question “A rise in world’s

temperature
environment?”.

is  dangerous/

not  dangerous to

“

% of answers

and ‘“‘very dangerous”, ISSP Environment IV, N=44100.

xtremely dangerous”

Perceived local impacts of extreme

weather events

% of answers "to a great extent" + "to a very great

ES-Spain
HU-Hungary
HR-Croatia
PH-Philippines
SI-Slovenia
IN-India
AU-Australia
SK-Slovakia
US-United States
TW-Taiwan
DE-Germany
ZA-South Africa
KR-Korea (South)
RU-Russia

Total

FR-France
IT-Italy

JP-Japan
CH-Switzerland
CN-China
NZ-New Zealand
FI-Finland
IS-Iceland
AT-Austria
DK-Denmark
LT-Lithuania
TH-Thailand
NO-Norway
SE-Sweden

0,0%

extent"

3, 1%
) § 5%
) 8 3%
) 7, 9%
) 5 5%
—— (), 5 %
] 8 8%
] 8,4 %
1 8, 3%
EE—] 8 1%
——] 7,5%
E——] 7, 4%
1] 6, 4%
——( 5, 8%
(] 5, 6%
E—] 4 7%
] 3, 6%
E—{] 3 3%
——11,5%
—] 3%
—— 1,2%

—) 7%

O 6%

—0 0%

8, 7%

7 0%

—7,0%

—(, 0%

=8 5%

5,0% 10,0% 15,0% 20,0% 25,0% 30,0% 35,(

Figure 4. Answers to the question “Thinking about your

neighbourhood,

to what extent, if at all, was it affected

by the following things over the last twelve months?*. %
of answers “to a great extent” and “to very great extent”,
ISSP Environment IV, N=44100.

Climate change risk perception in all sample has a mean of 3,9 (SD=0,97) (from 1 -not
dangerous at all to 5 — extremely dangerous), and the mean of perceived local impacts of
extreme weather events is 2,38 (SD=1,1) (from 1 — not at all to 5 — to a very great extent).
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We will further discuss the results according to the research questions of the article.

RQI1: What distinct clusters of individuals can be identified based on their perceptions of
climate change risk and their perceived local impacts of climate change?

Two-step cluster analysis was run on the full sample of 44100 respondents in order to
understand what groups of population can be identified regardless of country dependency.
The distribution of three clusters divides the sample into almost equal three parts (see Table

3).
Table 3. Distribution of clusters within the sample.
Cluster Percent N. of respondents
1 35.1% 14 199
2 32.2% 13 077
3 32.7% 13 331
Missing 3493

Three clusters present different combinations of climate change risk perception and
perceived local impacts, and cluster characteristics indicate significant differences in the
centroids of clusters (see Figure 5). Conceptual labels for the clusters are proposed based on
their internal characteristics.

Cluster 1 indicates a high level of climate change risk perception (M=4,43), but low
perceived local impact of extreme weather events (M=1,57). This kind of set of attitudes might
indicate global awareness of climate change. People in this cluster usually indicate that their
neighbourhoods are not affected or are affected to a small extent by extreme weather events.
Therefore, presumably, they did not have a high level of experience with the impacts, and their
concern can be driven rather by indirect experience. We propose to name this cluster “vigilant”,
which means high alert, in order to avoid danger.

Cluster 2 includes people with very high climate change risk perception (M=4,48) and high
perceived local impact of extreme weather events (M=3,51). This group of people is aware of
climate change impacts from direct experience in their local neighbourhoods. This cluster can
be called “disquieted”, indicating anxiety, uneasiness with the situation.

Cluster 3 reflects the situation, when the impacts of climate change are perceived as already
visible (medium score) (M=2,15), however, concern with climate change is not so high
(M=2,15). The mean of climate change perception in this cluster is the lowest of all 3 clusters
(almost two times lower). This cluster could be named “reluctant”, indicating the gap between
awareness and perceived experience of local impacts of climate change and a low level of
concern in general with climate change.

Proposed names of clusters are used further in this article together with the numbers of
clusters, as they help to distinguish among the main characteristics within the clusters.
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Cluster 1 2 3
Label “Vigilant” “Disquieted” “Reluctant”
Description High risk perception (M=4,43, High risk perception (M=4,48, Moderate risk perception (M=2,73,
SD=0,50), low perceived impact | SD=0,53), high perceived impact | SD=0,53), moderate perceived impact

(M=1,57, SD=0,50)

(M=3,51, SD=0,70)

(M=2,15, SD=0,98)
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Figure 5 Labels and structure of clusters, ISSP Environment IV full sample. N=40607




RQ2: Is the structure of the clusters significantly different among populations from high,
medium and low climate change exposure countries?

The second step in our analysis is to explore the cluster structure among sub-sets of samples
from countries with different climate change exposure levels. Results reveal that there are
significant differences in the distribution of clusters in different climate change exposure
groups, X* (4, N=40534) = 303.7, p<0.01. Table 4 presents the distribution of respondents
across different climate change exposure groups according to the three clusters identified in the
previous step using the full sample and table 5 presents the results of post-hoc analysis of the
chi-square test using pairwise comparisons of cluster distribution within different groups of
countries.

Table 4. Distribution of respondents’ clusters in the groups of countries with different climate
change exposure levels, %

Clusters

Country group by 1 2 3 Total
climate change risk ,» Vigilant* »Disquieted* »Reluctant“
index
High climate change risk 33,0% 37,4% 29,6% 100,0%
countries
Medium climate change 35,5% 30,9% 33,6% 100,0%
exposure countries
Low climate change 37,7% 26,4% 35,9% 100,0%
exposure countries

Total sample 35,1% 32,2% 32,7% 100,0%

‘ Larger ‘ Smallest ‘

Table 5. Post- hoc tests of Chi-square pair-wise comparisons of column proportions within
the groups of countries of different climate change exposure*

Clusters
Country group by climate change A B C
risk index » Vigilant“ HDisquieted* »Reluctant®
High climate change exposure A(,000)
countries C(,000)
Medium climate change exposure B(,000) B(,000)
countries
Low climate change exposure B(,000) B(,000)
countries

*Results are based on two-sided tests. For each significant pair, the key of the category with the smaller column
proportion appears in the category with the larger column proportion. Significance level for upper case letters (A, B, C):
,05. Tests are adjusted for all pairwise comparisons within a row using the Bonferroni correction
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The cluster structure in the country groups from different exposure levels shows significant
differences in cluster distribution. In the group of countries with the highest level of climate
change exposure, the largest cluster is cluster n. 2 (“disquieted”), with the highest values of
climate change risk perception and perceived local impact compared to other clusters.
However, there is still a significant gap in the perception of impacts with the objective
exposure. The sizes of “vigilant: and “reluctant” are not significantly different. Among
populations from the countries with medium and low climate change exposure, the cluster of
“disquieted” is significantly smaller, compared to the share of the other two clusters. Post-hoc
analysis (table 5) identifies that in both groups of medium and low climate change, the is a
similar share of people falling into the “vigilant” and “reluctant” clusters.

RQ3: What are the differences across countries in the cluster structure?

There are visible differences in the cluster structure across different countries (see Figure
6). Among the high climate change risk exposure countries, Spain has the largest proportion of
respondents in the cluster n. 2 “disquieted” (52,5%), while Thailand has the lowest (20,7%).
This cluster signifies part of the population that is aware, concerned and alarmed. If the share
of people with such an attitudinal structure is low, that could undermine the efforts of climate
change adaptation and mitigation. From this group, Thailand has the highest share of people in
cluster 1 (46,5%), which means low perception of local impacts, even though general risk
perception is high.

Distribution of clusters by country, %
High climate change risk exposure countries
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Figure 6. Cluster Distribution (%) in ISSP Environment IV Countries by climate change
exposure Level

In countries with medium and low climate change exposure, the largest share of the
population belongs to cluster 1 (“vigilant”), accounting for 35,5% and 37,7% respectively. This
corresponds to the objective exposure level, which is low, but also signifies a high level of
alert. The second largest cluster in both of these country groups is characterised by medium
risk perception and medium to low perceived impact (cluster 3, “reluctant”), and both values
are lowest compared to other clusters. Over one-third of the population belongs to this cluster
(33,6% in medium exposure and 35,9% in low exposure countries), and this signifies possible
gaps in awareness, especially in medium exposure countries. The largest differences in the
medium climate change exposure countries (see Figure 6), is in the share of cluster 1 (high risk
perception - low perceived impact). Around half of the population in Japan, Taiwan and Austria
belong to this cluster, and lowest shares are in U.S. (24.6%) and Hungary (22.7%). There are
also significant differences in the cluster distributions among the countries belonging to the
low climate change exposure countries. Slovakia is an outlier, with 43,3% of the population
belonging to cluster 2, which is characterised by high risk perception and high perceived
impact. A counter-intuitive finding in this group of countries is that Denmark and Norway have
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the highest shares in the “reluctant” cluster (42,2% and 45,8% respectively) as quite often
public in Scandinavia has revealed high levels of climate change concern.

Discussion and conclusions

This study aimed to identify individual-level perception profiles based on climate change
risk perception and perceived local climate change impacts, using a data-driven, person-centred
clustering approach across countries. This approach prioritises identifying patterns of co-
occurring perceptions and focuses on within-country variation in how individuals perceive
climate risks and local climate-related impacts. In the first stage of the analysis, we used the
total sample of respondents from the ISSP Environment IV module to conduct a two-step
cluster analysis, based on two indicators: climate change risk perception and perceived local
impacts of extreme weather events in respondents’ neighbourhoods. This enabled us to uncover
clusters of individuals that transcend national boundaries and reflect meaningful patterns at the
individual level, rather than being driven by between-country differences. In the second stage,
we examined whether these identified perception profiles, i.e., the population clusters, are
distributed similarly across sub-sets of people from different levels of climate change exposure.
And lastly, we explored the differences in cluster structure across the ISSP participating
countries. While this comparison highlighted variation across country groups, our analysis
remained at the individual level, as the clusters themselves were formed from individual
responses.

Our study has some limitations related to the geographical coverage of the sample, missing
values in cluster analysis and available variables for our research design. The available
countries in the ISSP sample do not represent different climate change exposure country groups
equally. None of the countries in the ISSP sample are from the Global Climate Change Risk
Index's highest risk class. This means that segments of the population with the highest risk
exposures are underrepresented in this analysis. Another limitation of this study is that during
cluster analysis, the respondents with missing values in one or both variables that were used
for clustering were removed from the final cluster structure. In total, 3493 respondents were
not assigned to clusters, and that constitutes 7,9% of all sample. One more limitation of our
study is related to the use of the survey variable of perception of impacts from extreme weather
events. There are more observable impacts of climate change, yet their perceived presence has
not been measured. The variable on perceived impacts from extreme weather events was the
only available variable for analysis in the ISSP Environment IV survey module.

The first research question explored whether distinct clusters of individuals could be
identified based on their perceptions of climate change risks and perceived local impacts of
extreme weather events on local neighbourhoods. A two-step cluster analysis identified three
groups of individuals, regardless of their country affiliation. The first group (Cluster 1) of
respondents — labelled vigilant — exhibit high climate change risk perception but low perceived
impacts of climate change on local neighbourhoods. This combination indicates that these
individuals are highly aware of and concerned about climate change as a global risk but do not
strongly perceive its direct effects in their immediate surroundings. They might be highly
informed about climate change through media, education, or public discourse — referred to as
indirect exposure (Lacroix et al., 2020) — but have not yet observed tangible local impacts, or
are unable to relate the observable changes to the abstract and complex concept of climate
change.
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The second group (Cluster 2) of respondents — labelled disquieted — report high risk
perception and high perceived impact of climate change on their local neighbourhoods. This
group is disquieted by their direct experience with extreme weather events, which has been
shown in previous research to significantly increase concern about climate change and
strengthen risk perception (Spence et al., 2011; Castellini et al., 2024; Elshirbiny & Abrahamse,
2020). As noted by Sambrook et al. (2021), such experiences often interact with individuals’
prior beliefs and emotional responses, shaping how climate change is perceived and
internalised. While our study did not directly examine the role of prior beliefs or emotions, we
acknowledge that these factors likely influence how individuals interpret local climate-related
events and assess associated risks.

The third group (Cluster 3) of respondents — labelled reluctant — shows the lowest risk
perception, yet somewhat average perceived impact of climate change on local
neighbourhoods, and thus presents an intriguing paradox. This suggests that while they
acknowledge the climate change induced changes in their surroundings, they do not necessarily
link them to climate change or do not perceive them as a significant risk. This pattern may
reflect what Sambrook et al. (2021) describe as selective interpretation, where prior beliefs or
low emotional engagement lead individuals to downplay or disconnect observable local
changes from broader climate change narratives; similarly, Weber (2016), drawing on a review
of prior research, notes that without strong affective cues, individuals may struggle to perceive
climate change as an urgent personal threat.

Our second research question examined whether the structure of the identified clusters
differs in sub-samples from high, medium and low climate change risk exposure countries. Our
findings highlight significant differences in cluster distribution across the groups of countries.

Disquieted — the ones with high risk perception and high perceived impact— make up the
largest portion of respondents in the group of countries with high climate change risk exposure.
This is natural and logical, given that the populations are exposed to the effects of climate
change and then have a higher perception of both the impacts and the overall risk of climate
change. This applies to 37.4% of the population in high-exposure countries.

Vigilant — the ones with high climate change risk perception yet lowest (compared to other
clusters) perceived impacts, make up the larger proportion of respondents both in countries
with medium, and in countries with low climate change risk exposure (35.5% and 37.7%
respectively) than “disquieted”. This might be more natural in the group of countries where
risk exposure is low, 1. e. climate change impacts are less frequent or less severe. It is more
difficult to explain why the cluster of vigilant respondents is larger in countries with medium
risk exposure. These are the countries that already witness the effects of climate change to a
considerable extent, yet their populations remain inadequately aware (non-aware) of these
impacts or unable to recognize them in their local neighbourhoods. It might be that climate
change effects are distributed so, that the majority of residents live outside impacted areas.
Some studies have shown that there is a discrepancy between the geographical distribution of
population versus the distribution of areas affected by climate change and geographic distance
decreases climate change risk perception (Sikder & Mozumder, 2020; Weber, 2016).

Another explanation might pertain to the discussion on the fractured links between direct
experience and awareness of climate change (Lacroix et al., 2020; Ai et al, 2024). For example,
residents may perceive droughts as a natural occurrence in their region, failing to recognise
their increasing intensity and frequency over time, and therefore not attributing them to climate
change. This could be due to attitudinal uncertainty and attribution scepticism (Haltinner &
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Sarathchandra, 2021) where gradual or indirect changes are interpreted as part of natural
variability rather than as indicators of broader and more complex climatic changes. On the
other hand, the interpretation of environmental cues is heavily influenced by socio-cultural and
cognitive factors (van der Linden, 2015). There is research showing that the relationship
between experiences and risk perception is not direct, but rather influenced by other cognitive
frameworks (Ai et al., 2024). Therefore, future research should explore the extent to which
attribution ambiguity and scepticism affects public recognition of climate change impacts,
particularly in regions with medium climate change risk exposure.

The third research question investigated differences in cluster structure across countries.
Analysis confirmed that in countries with higher exposure to climate change risks, there are
more residents exhibiting stronger perceptions of climate change impacts on their
neighbourhoods. The results also confirmed that, with some exceptions, lower country
exposure to climate change risks is associated with weaker perceptions of climate change
impacts on local neighbourhoods. However, notable cases such as Thailand — where exposure
is high, but perceived impact remains low, indicate that the relationship is not universal.

In countries with medium or low exposure to climate change risks, it is important to maintain
climate change communication and ensure that the topic remains present in public discourse.
This is because higher risk perception here is likely shaped not through direct experience but
rather through indirect exposure. Indirect exposure occurs through media, education and
everyday conversations about climate change. Lacroix et al. (2020) have also demonstrated
that it has significant potential to influence risk perception in situations where residents lack
experiential knowledge. In countries with medium or low exposure to climate change risks, it
is crucial to further research the content of public discourse, to implement media monitoring
studies and assess education programs.

Meanwhile, in high-exposure countries, a different approach is more important - linking
personal experiences with the complex processes of climate change. This approach calls for
domestication of climate change risks, and is particularly important in countries such as the
Australia, Croatia, France, Germany, Italy, Philippines, Russia, Spain, and Thailand. The
concept of domestication comes from risk communication studies and describes how global
and abstract climate risks should be framed in ways that resonate with local contexts, cultural
narratives, and everyday experiences (Olausson, 2014; Rabitz et al., 2021). Domesticated
climate change discourses provide with local examples that serve as mental shortcuts -
availability heuristics (Topolinski & Strack, 2015) - linking observable events in their local
environment to the abstract topic of climate change. Further research is needed to examine how
cognitive biases and psychological mechanisms, such as the availability heuristic, influence
individuals' ability to connect local climate change impacts with climate change. Climate
change communication domestication and availability heuristic heavily depends on socio-
cultural contexts. Thus, another critical area for investigation is the impact of socio-cultural
contexts in relation to climate change communication. These studies should be conducted in
specific countries as case studies to highlight and empower contextual understanding, ensuring
that locally relevant narratives, lived experiences, memories of past events, etc. are used to
explain risk perceptions and develop more effective climate change communication strategies.

Our study also suggests that further research on climate change risk perception should rely
more on analysing segmentation and testing explanatory models in different population
segments, rather than testing such models on the population as a whole, assuming its
homogeneity.
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