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Introduction
This report is draft Deliverable 4.1 for Work Package 4 Policy Assessment (WP4), of the
COACCH project. The report covers the first task of WP4 which aims at evaluating “the
implications of the new climate impact insights from WP2 and 3 in terms of policy and
identify mitigation and adaptation options in different sectors for Europe”. While Tasks 4.2
and 4.3 use a modelling approach to public policies from sectoral and macroeconomic
perspectives respectively, the objective of Task 4.1 is to “define, elicit and model risk
preferences at national and local scales”, to be used in the subsequent modelling tasks.
Task 4.1 is a broad task that includes a literature review of approaches for the assessment of
climate risk preferences and attitudes, and then an elicitation process at three levels:
national, local and individual levels. In this draft, we will address the literature review (Part
I) and the national elicitation of risk preferences (Part II), while the last two tasks will be
included in the next version.
According to the original plan, both the results of the survey on risk attitudes and
preferences and the elicitation process with local stakeholders were planned by month 24.
With regards to the survey, due to unsuccessful first round of tender, the original plan could
not be followed and the task completion needs to be postponed. Specifically, despite the
fact that a tender on the data collection was issued in early May, following the internal time
plan, and although five to seven professional companies were contacted in each country to
submit their bids, no bid was received from three out of five countries in which the survey is
planned (Austria, Spain, and the United Kingdom). The tender process had to be formally
closed and a new tender had to be opened, following the internal rules of Charles
University, which took more than two additional months.
As for the stakeholder elicitation process, the process with stakeholders was planned for fall
2019, but this had to be postponed due to a delay in the design of the process, which
misaligned the elicitation process with stakeholders’ other ongoing processes. Nonetheless,
two experiments to elicit risk attitudes that were not initiatilly included in the Description of
Work have been performed. The results of this experiments are included in two academic
articles, which are currently under submission and in preparation.
To solve these unexpected obstacles, a new time-plan has been prepared and internally
approved. Following this revised time-plan, the task 4.1 is due to May 2020 and this report
presents ongoing research.
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1 Literature review on climate change risk attitudes and
preferences
The objective of this literature review is to summarise the main findings on risk attitudes
and preferences related to climate change.
The current literature on climate change risk attitudes and preferences is voluminous.
Fortunately, there are available several literature reviews and meta-analyses on several
subtopics (Rheinberger & Treich, 2017; Wachinger, Renn, Begg, & Kuhlicke, 2013;;
Valkengoed & Steg, 2019). Thus, this chapter first summarises key findings from the
literature reviews and meta-analyses of empirical studies coming from several disciplines,
such as behavioural and environmental economics, psychology, and sociology. Second, it
gives an overview of drivers of risk perception based on own search of empirical studies.

1.1 Climate change risk attitudes, preferences and behaviours
The available recent literature reviews and meta-analyses document that a large number of
empirical studies aimed at identifying factors explaining: i) individual risk perception and
society´s attitudes toward natural hazards and catastrophes related to climate change; ii)
climate change adaptation behaviours and public acceptability of policies. The main
conclusions of these studies are presented next.
i. Individual risk perceptions and society´s attitudes
Factors explaining risk perception of natural hazards (floods, heat-related hazards, alpine
hazards, earthquakes, storms, fires, volcanic eruptions or tsunamis) were reviewed by
Wachinger, Renn, Begg, & Kuhlicke (2013). Regarding risk perception of natural hazards,
they found that direct experience of natural hazards and closeness to impacts of natural
catastrophes (floods) seem to be the crucial factors that result in a higher risk perception in
most cases. The second most influential factors are trust in scientific experts and authorities
and reliance on several protective measures. Negative feelings associated with previous
experience decrease trust in protection measures and increase risk perceptions and vice
versa in case of positive feelings (Wachinger, Renn, Begg, & Kuhlicke, 2013).
Another stream of literature focused on risk perceptions of climate change. Building on a
literature review, van der Linden (2015) developed a theory of risk perception, called as
“Climate Change Risk Perception Model”. The model integrates four key dimensions
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detected by Helgeson et al. (2012): cognitive, experiential, socio-cultural and sociodemographic factors.
First, cognitive factors include knowledge about causes of climate change, impacts of
climate change and responses to climate change (Kaiser and Fuhrer, 2003). Van der Linden
(2015) opted for a measure of actual knowledge that aims at assessing how much
“accurate” knowledge about climate change people have. The actual knowledge has been
found to significantly and positively affect climate change risk perceptions. Second,
experiential processing reflects the finding that personal experience with a threat or hazard
can evoke strong emotions, which can make them more memorable and supreme in
information processing. In general, emotion and affect can guide processing of information,
especially when risk evaluation is complex and mental resources are limited. Third, sociocultural influences comprise social norms (descriptive and prescriptive) and broad value
orientations. Stern, Dietz, & Kalof (1993) identified the following three broad value
orientations as the most relevant for environmentally significant behavior: egoistic values
(i.e., maximizing individual outcomes), altruistic values (i.e., caring about others) and
biospheric values (i.e., caring for non-human nature and the biosphere itself). Fourth, it is
important to control for socio-demographic factors. Females tend to perceive climate
change as a more serious risk than males. Liberals are more concerned about climate
change than conservatives. Otherwise, the effects of socio-demographics are often
inconsistent (van der Linden, 2015). A fifth dimension that could be added to this model is
the role of emotions, which has tradionally been disregarded in risk-perception research.
People’s feelings and beliefs about a certain risk, can determine their decision-making
processes, especially when there are difficult trade-offs involved (Renn, 2008).
The “Climate Change Risk Perception Model” has been designed in a way to maximize its
explanatory power and has been empirically tested on a national sample of the UK
population. Experiential and socio-cultural factors were able to explain a significantly larger
share of variance in climate change risk perception than cognitive and socio-demographic
characteristics. The effects of factors are different for two dimensions of climate change risk
perceptions: personal and societal risk judgments. For example, people who have better
knowledge of the causes, impacts and responses to climate change tend to perceive climate
change as a high risk for society as a whole, but not for themselves. In contrast, people who
have some experience with extreme weather events tend to perceive threats to their overall
well-being due to climate change as more likely and serious, but not to society (van der
Linden, 2015).
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Society´s attitudes toward low-probability, high impact events (catastrophes) have been
explored in a review by Rheinberger and Treich (2017). They found that empirical survey
studies used very diverse methods like standard gamble, paired gamble, ranking choices or
discrete choice experiments. Most of these studies concluded catastrophe acceptance
attitudes prevailed over catastrophe aversion. Similar findings come from empirical social
choice studies, which show that most of the participants (mainly from the US and Europe)
disagree with the adoption of catastrophe-averse policies. Other studies dealt with lab
experiments examining preferences in risky choices over financial gambles (lotteries,
dictator games, public good games). Some of them suggest that people have higher risk
aversion in situations where the most they can earn is the same amount as their peers;
instead, when the least they could earn was as much as their peers, they showed lower risk
aversion. Behavioural explanations work with divergence of rational (cognitive) and
emotional evaluations of the same risky situations, other deal with an ambiguity aversion,
inequity aversion, salience and immediacy effects, probability weighting, “psychophysical
numbing hypothesis”, and framing effects. Rheinberger and Treich (2017) conclude that
probably the most important phenomenon is the inequity aversion1, but generally it is
complicated to say which motives trigger catastrophe accepting attitude.
ii. Climate change adaptation behaviours and public acceptability of policies
Household-level behaviours with regards to climate change adaptation include preparatory
actions (e.g., getting an emergency kit, moving furniture), buying insurance, searching for
information on hazards or adaptation measures, evacuating related to climate change
hazards, and supporting adaptation policies (van Valkengoed & Steg, 2019).
Factors motivating individuals to adapt to climate change have been identified by recent
meta-analysis by van Valkengoed & Steg (2019) who analysed data from 106 studies realized
in 23 countries. The authors have summarized studies considering natural hazards that will
most likely become more frequent and serious due to climate change, such as floods,
hurricanes, wildfires, heatwaves or droughts. Some factors were found non-significant or
having a small effect, namely the previous experience with natural hazards, trust in the
government and the absence of knowledge about climate change and the associated
hazards. A stronger effect had the risk perception, which was positively correlated with
intentions to adapt. The same importance had beliefs in the reality of climate change,

1

Renn (2008: pp. 143) explains that “the perception of fairness and justice” in the way risks affect different
individuals or social groups is another key factor when looking at risk perceptions.
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perceived responsibility and “injunctive norms” (social approval or social sanctions). The
strongest relationship has been found in the case of self-efficacy (self-confidence in the
capability of necessary adaptive actions), then outcome efficacy (effectiveness of adaptation
behaviour), negative feelings, and descriptive norms (when other people take part in
adaptive actions).
Comparing these results (van Valkengoed & Steg, 2019) with the conclusions made by
Wachinger, Renn, Begg, & Kuhlicke (2013), we realize that experience with natural hazards
is evaluated among the least important factors in case of adaptation behaviour and the
most important in case of risk perception. Furthermore, the two studies seem to differ in
assessing the role of the risk perception. While van Valkengoed & Steg (2019) conclude that
perception tends to motivate adaptive behaviour, Wachinger, Renn, Begg, & Kuhlicke (2013)
highlight a risk perception paradox resting in the weak relationship between risk perception
of natural hazards and personal actions. Wachinger, Renn, Begg, & Kuhlicke (2013) find
three possible reasons for this paradox: 1) perceived benefits of living or staying in
hazardous areas outweigh the possible negative impacts of natural hazards, 2) the
responsibility for action is transferred to others, especially to authorities, which is related to
higher trust in structural measures, 3) limited opportunities to face the situation, due to the
lack of resources such as time, money, knowledge or social support. In this context, public
participation measures can be the most functional way to strengthen awareness of potential
natural catastrophes, personal responsibility for protection, and trust in authorities without
forming a sense of false security.
The explanation of this difference may partially lie in the finding that the relationship
between risk perception and adaptation is stronger for intended behaviour than for past
behaviours (van Valkengoed & Steg, 2019). The risk perception becomes low after
undertaking adaptive actions. This can weaken the relationship between the two constructs
(Weinstein, Rothman, & Nicolich, 1998).
The second reason for this difference might be the type of behaviours that are considered in
the two studies, which may have distinct drivers. The study by van Valkengoed & Steg
(2019) dealt with both immediate emergency responses (i.e., evacuation) and preparedness
actions that reduce climate risks in the long term (i.e., buying insurance), and both private
actions and support for adaptation policies. On the other hand, Wachinger, Renn, Begg, &
Kuhlicke (2013) included only studies on preparedness actions and intentions, which were
mostly private actions. For example, Demski, Capstick, Pidgeon, Sposato, & Spence
(2016) examined relationships between direct experience of flooding and different types of
mitigation and adaptation behavioural intentions. The experience of flooding had no direct

PU

Page 9
Version 1.7
This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 776479.

COACCH Task 4.1: Elicitation results and conceptual framework on risk attitudes

effect on behavioural intentions to act on climate change, however, the effect was
mediated through higher negative emotions. Negative emotions mediated the effect of
flood experience on intentions to prepare for a heat wave as well. In contrast, they found
direct effect of flood experience on policy support, which turned to be non-significant when
they controlled for increased concern and personal issue salience with climate change.
Negative emotions did not play role as a mediator in case of policy support.
Factors related specifically to flood insurance demand have been investigated by Robinson
& Botzen (2019). The authors considered immediate and expected emotions typical for risk,
such as good mood, low worry, regret uninsured or regret insurance, threshold level of
concern and personality characteristics, particularly “locus of control”. This study was based
on data obtained from more than one thousand homeowners in the Netherlands. They have
carried out an economic experiment applying the Cumulative Prospect Theory (CPT), at
different flood probability levels from 1 in 10,000 up to 19 in 20. The authors found that
internal “locus of control” and expected uninsured flood loss regret are related to higher
flood insurance demand. A significant relationship was found between regret insurance or
low worry and flood insurance demand only when the probability of flood was low. On the
contrary, they found no relationship between good mood and perception of risk. According
to the threshold level of concern decision rule, the participants had lower flood insurance
demand when the probability of flood was low.
Factors that affect public acceptability of climate policies have been identified in a
systematic literature review by Zvěřinová, Ščasný, & Kyselá (2014). Overall, people are more
likely to accept proposed policies if they are aware of and concerned about the
environmental problems the policies are focused on, are aware of the consequences of
climate change (on health and standard of living of people, and number of species lost), feel
morally obliged to contribute to tackle these problems, perceive policies as fair and
environmentally effective, and trust the institution which proposes the policy. On the other
hand, many people tend not to favour the policies which considerably influence their own
behaviour and if they think a policy may restrict their personal freedom. Willingness to pay
of people for a climate policy rises with policy effectiveness, such as the temperature
increase which should be prevented or annual percentage reduction in GHG emissions, with
probability of policy success in mitigating climate change, and if the ancillary beneﬁts, such
as reduced air pollution and related adverse health effects, or deployment of
environmentally-friendly technologies are described. People often favour investment of
revenues back into the domain of environmental protection rather than their use in other
domains, and they favour cost distribution following the polluter-pays principle. People
generally tend to prefer policy instruments resulting in lower prices of environmentally
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friendly products and services (e.g. subsidies for renewable energy sources) opposite to
instruments increasing the prices of those environmentally harmful (e.g. fossil fuel taxation).
Perceived risk, in general, seems to be an influential factor. Although it was measured in
different ways, the perceived risk tends to have a positive influence on public acceptability
of climate policies.

1.2 Drivers of climate change risk perceptions
Recent evidence has indicated that the introduction of a risk-premium factor within
Integrated Assessment Models can have a significant impact on the cost-benefit estimation
and thus the uptake of both mitigation and adaptation activities over short- and long-term
planning horizons (Markandya et al., 2016). This risk premium, which quantifies what a
particular society would be willing to pay to insure against the uncertainty of climate change
region-specific damages, has been shown to be highly sensitive to the coefficient of relative
risk aversion used within IAMs, making its estimation of critical importance for researchers
and policy-makers alike. How best to decide a relevant coefficient of relative risk aversion in
the specific context of decisions is still up for debate, but an interesting approach suggested
by Markandya et al. (2016) would be to elicit this value using stated preference methods,
allowing risk aversion parameters to be based on region-specific risk behaviour. Stated
preference methods employed in the context of climate change risks tend to focus on
variables such as risk perception, concern, and behavioural intent as main dependent
variables. For this literature review, we focus on risk perception2 as a potential proxy
indicator for risk aversion within IAMs.
Numerous (and varied) models on the drivers of risk perception have been tested over
recent years with varying results. Perhaps the most successful is a social-psychological
model of climate change risk perceptions based on cognitive, experiential and socio-cultural
factors explaining nearly 70% of the variance in risk perceptions across a national sample of
the UK population (van der Linden, 2014). The study finds that gender (0.8%), political party
(1.3%), climate change knowledge (9.3%), social norms (22.2%), value orientations (12.2%),
affect (20.8%), and personal experience with extreme weather events (1.3%) are all
significant predictors of risk perception. Negative affect, climate change experience and
greater knowledge about (the causes of) climate change are all associated with higher
perceptions of risk. The significance of these variables however, is largely dependent on

2

There is also a clear relationship between risk perception and behavioural intent (i.e. likelihood to take out
preventative measures) found within the literature, which supports its use as a proxy for risk aversion.
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what type of risk perception is being considered, i.e. personal versus societal. In terms of
socio-demographics, women, liberals and more social referents are also found to have
increased risk perceptions.
Smith and Leiserowitz (2012) explore the change in affective image associations with
climate change over time, and their relation to climate risk perceptions, policy preferences,
and behaviour. Their model accounts for 52% of the variance in risk perceptions, with
holistic affect and imagery being the strongest predictors. As also found by van der Linden
(2014) negative affect is strongly associated with increased risk perception – a finding
corroborated by other studies (Leiserowitz, 2006; Terpstra, 2011) - while sceptical and
politics-based imagery are associated with decreased risk perception. The authors find that
those with egalitarian and individualist worldviews are associated with increased and
decreased risk perceptions, respectively. Similar to van der Linden, their findings also
support the link between more left-leaning (democrat) political views and higher risk
perceptions – again, a result supported by other studies (Carlton and Jacobson, 2013; Malka
et al., 2009).
Three other predictors of risk perceptions identified by the van der Linden (2014) model,
climate change knowledge, experience and gender, have been found to have similarly
strong explanatory powers in alternative models of risk perceptions found in the literature.
Akerlof et al. (2013) for example, study the effect of personal experience, cultural
worldviews, political ideology, place attachment and socio-demographics in relation to risk
perception. Their model explains 55% of the variance in risk perceptions, with societal
outcomes from climate policy, personal experience and gender being the most significant
factors. Women, and those with personal experience of climate events were found to have
higher perceptions of risk. In terms of experience, Lawrence et al. (2014) and Kellens et al.
(2011) find a similar association between previous (flood) experience and higher risk
perceptions. Lujala et al. (2015) in contrast, find that while the personal experience of
damage increases perceptions of local risks, it does not increase perceptions of regional or
global risks. The effect of gender on risk perception is more established in the literature,
with several studies reporting the higher risk perceptions associated with women (Brody et
al., 2008; Carlton and Jacobson, 2013; Kellens et al., 2011; Lujala et al., 2015; Sundblad et
al., 2007).
The study of climate change knowledge as a driver of risk perception seems to be more
complex. Sundblad et al. (2007) study demographic factors and knowledge as predictors of
climate change in their model of factors affecting risk perception. Their model, which
explains 24-26% of the variance in risk perceptions, find that greater knowledge (about the
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causes and consequences) of climate change were associated with higher cognitive and
affective risk judgments. Hidalgo and Pisano (2010) and Kellstedt et al. (2008) report similar
linkages. Malka et al. (2009) find that while increased knowledge is linked with increased
concern, this relationship is only identified among people who trust in scientists and among
democrats and independents. Indeed, no relationship between knowledge and risk
perception was found among those sceptical about scientists or who identified as
republicans. In their study, Akompab et al. (2013) do not identify any relationship between
knowledge about heat waves (note: relatively low internal consistency, α = 0.69) and risk
perceptions. Peacock et al. (2005) similarly, find no association between hurricane
knowledge and risk perception. These results indicate that effect of knowledge as a
predictor of risk perception could be dependent on the type of knowledge (for example,
causes versus consequences of climate change) and the type of hazard (for example, floods
versus heat waves or hurricanes) under question.
Another recurring theme in the literature relates to the effect of efficacy, that is ones feeling
that their actions can make a difference, and risk perception. Brody et al. (2008) and Hidalgo
and Pisano (2010) both find that higher ratings of personal efficacy are related to higher
perceptions of risk. In contrast, Kellstedt et al. (2008) find that while more informed
respondents and those with high confidence in scientists were associated with lower
perceptions of risk, high confidence in scientists was also linked to lower feelings of personal
efficacy – indicating a relationship between low personal efficacy and low-risk perceptions.
Finally, there is some evidence on the relationship between location (or proximity to
hazards) and risk perceptions. Peacock et al. (2005) for example, find that those located in
vulnerable (high risk of hurricanes and wind) areas had higher perceptions of risk. Brody et
al. (2008) also find a correlation between closer proximity to and positioning in vulnerable
areas and higher perceptions of risk. A somewhat similar assessment of the psychological
(temporal and spatial) distance of climate change is conducted by Spence et al. (2012), who
find that those with lower psychological distance to the issue of climate change generally
tend to have higher associated levels of concern.
A detailed breakdown of the studies considered in this review, variables, locations, sample
sizes, and findings can be found in Table 1.
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Table 1. Studies assessing factors affecting risk perceptions.
Authors

Significant predictors

Dependent Variable

Sample

Method

Explained Variance

Van der Linden
(2014)

Cognitive variables, (a) knowledge about climate change (F (3,640) =
58.72, p = < 0.001, Adj. R2 = 0.21). Experiential processing, (b)
affective evaluations, (c) personal experience (F (2, 571) = 136.07, p
= < 0.001, Adj. R2 = 0.25. Socio-cultural influences, (d) social norms,
(e) broad value orientations (F (5,556) = 58.35, p < 0.001, Adj. R2 =
0.16), (f) socio-demographics (F (3,643) = 15.30, p=<0.001, Adj. R2 =
0.06).
(a) knowledge about climate change (R2 = 0.475, p < 0.01), (b)
attitudes (R2 = 0.589, p < 0.01), (c) self-efficacy (R2 = 0.547, p < 0.01),
(d) behavioural intentions (R2 = 0.382, p < 0.01)
(a) Knowledge about climate change, (b) worry/affect, (c) sociodemographics

Global/societal
risk
perception index (α =
0.95), personal risk index
(α = 0.87), and a holistic
risk perception index (α
= 0.96)

United
Kingdom,
(N=808)

Online
survey:
incentivised
survey
conducted
on
a
national quota sample

The model explains 68% of the variance in risk perception.
Gender, political party identification, knowledge, affect,
personal experience, social norms and value orientations were
all identified as significant predictors of risk perception (F, 13,
566) = 93.53, p < 0.001, Adj. R2 = 0.68).

Risk perception (α =
0.75),
behavioural
intentions (α = n/a)
Cognitive risk (9 items, α
= 0.91), affective risk (α =
0.93)

Spain (N=84)

Classroom survey

Sweden
(N=621)

Mail survey

Kellstedt et al.
(2008)

(a) Ecological values (NEP), (b) personal efficacy, (c) self-reported
knowledge about climate change, (d) trust in media, (e) trust in
experts, (f) confidence in scientists, (g) political ideology, (h) sociodemographics

Risk perception (6 items,
α = 0.873)

United States
(N=1,093)

Telephone survey

Spence
and
Pidgeon (2010)

(a) Outcome framing (F (2, 154) = 6.49, p < 0.01), (b) distance
framing (F (2,154) = 6.01, p < 0.01), (c) fear (F (2, 154) = 16.87, p <
0.001)
(a) Awareness, (b) knowledge and beliefs , (c) experience, (d)
attitudes, (e) behavioural response

Risk perception

Online survey (2 x 2
experiment)

(a) Experience, (b) concern, (c) worry, (d) trust, (e) under- and over
estimation of flood probability, (f) awareness

Risk perception

United
Kingdom
(N=80)
United
Kingdom
(N=589)
United States
(N=1,035)

The model explains 44% of the variance on risk perception.
Attitude, knowledge and self-efficacy are significant predictors
of risk perception (F (3, 80) = 22.59, p < 0.001).
The model explains 24-26% of the variance in risk perception.
Cognitive risk judgements were significantly related to worry,
knowledge and socio demographics (Adj. R2 = 0.26, F (12, 608)
= 19.47, p < 0.001). Affective risk judgements were
significantly related to perception, socio-demographics and
knowledge (Adj. R2 = 0.24, F (12, 608) = 17.41, p < 0.001).
The model accounts for roughly 43% of the variance in the
dependent variable. Race, gender, age, ideology, new
ecological values, information about global warming, efficacy,
and confidence in scientists all being significant predictors of
risk perception.
Outcome framing (gain vs. loss) and distance framing (local vs.
distant) were significant determinants of risk perception.

(a) Scientific literacy and numeracy

Risk perception

Online survey

(a) households’ hazard adjustments, (b) environmental perceived
personal risks, (c) hazard experience, (d) information sources, (e)
socio-demographics

Risk perception (homes)
α = 0.83, risk perception
(personal) α = 0.84, risk
perception (health) α =
0.94.

United States
(N=1,540)
United States
(N=321)

Hidalgo
and
Pisano (2010)
Sundblad et al.
(2007)

Whitmarsh
(2008)
Botzen
(2015)

et

al.

Kahan et al.
(2012)
Lindell
and
Hwang (2008)
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Experience and environmental values are significant predictors
of risk perception of climate change. Age, income and voting
record also affect risk perception.
Model I (system 1 variables) explained 15% of the variance in
the dependent variable (p < 0.001), while model II (including
socio demographics) explained 19% of the variance in risk
perception (p < 0.001)
Scientific numeracy is negatively correlated with risk
perception (r = -0.09, p < 0.01)
Model supports a causal chain from hazard proximity through
hazard experience, and perceived personal risk.

COACCH Task 4.1: Elicitation results and conceptual framework on risk attitudes
Authors

Significant predictors

Dependent Variable

Sample

Method

Explained Variance

Stevenson et al.
(2014)

(a) Climate change knowledge, (b) worldviews, (c) acceptance of
climate change

Risk perception (α =
0.61)

United States
(N=378)

Classroom survey

Lujala et
(2015)

(a) Personal experience, (b) hazard exposure, (c) attitudes, (d) sociodemographics

Risk perceptions

Norway
(N=1,334)

Online
surveys

Lawrence et al.
(2014)
Hornsey
and
Fielding (2016)

(a) Previous flood experience

Risk perception

Mail survey

(a) Framing (neutral vs. optimistic vs. pessimistic), (b) mitigation
motivation (self vs. other), (c) risk perception, (d) personal and
collective efficacy

Personal risk perception
(α = 0.90)

New Zealand
(N=190)
United States
(N=431)

Terpstra (2011)

(a) Emotions related to storm events, (b) trust in flood protection

Netherlands
(N=472)

Online survey

Leiserowitz
(2006)

(a) Affective images, (b) cultural values, (c) socio demographics

Perceived dread (α =
0.94), perceived flood
likelihood (α = n/a),
perceived
flood
consequences (α = 0.90)
Risk perception index (9
items, α = 0.94)

United States
(N=673)

Mail survey

An interaction between knowledge and worldview
(individualism) predicted acceptance of climate change, which
in turn predicted risk perception of climate change.
Experience, gender, educational background and political
preferences are found to be strong predictors of risk
perception.
Previous flood experience is linked with higher perceptions of
risk and increased willingness to act
Framing manipulations had an effect on personal risk
perceptions. Optimistic messages reduced perceptions of risk
leading to reduced distress when thinking about climate
change and reduced mitigation motivations
Trust is a significant predictor of perceived dread (β = −0.29, p
< 0.001) and perceived flood likelihood (β = −0.46, p < 0.001).
More positive (and less negative) emotions reduced perceived
dread (β = −0.24, p < 0.001), perceived likelihood (β = −0.16, p
< 0.01), and perceived consequences (β = −0.22, p < 0.001)
The model predicted 26% of the variance on risk perceptions.
Negative affect and image affect are significant predictors of
risk perception (F (2, 402) = 93.95, p < 0.001, Adj. R2 = 0.32), as
negative affect increased, risk perception increased. Several
cognitive image categories significantly predicted risk
perception (F (5,542) = 34.75, p < 0.001, Adj. R2 = 0.24). The
full values regression model significantly predicted risk
perception (F 3,547) = 65.57, p < 0.001, Adj. R2 = 0.26).
The model explained 42% of the variance on risk perceptions.
People away from the coastline had lower risk perceptions (β
= −0.098, p < 0.05), while those most vulnerable to inundation
from sea-level rise had higher risk perceptions (β = 0.087, p <
0.05). Gender (p = 0.033), new ecological values (p = 0.000),
network interest (p = 0.020), and perceived efficacy (p =
0.000) were all significant predictors of risk perception.
The models predicted 20-22% of the variance in risk
perception. Environmental attitudes (β = 0.57, p < 0.001),
political affiliations (β = -0.13, p < 0.001) and gender (β = 0.20,
p < 0.05) were all significant predictors of environmental risk
perception. Environmental attitudes (β = -0.20, p < 0.05),
political affiliation (β = 0.12, p < 0.001) and gender (β = 0.26, p
< 0.05) were also significant predictors of economic risk
perception. Environmental attitudes (β = 0.37, p < 0.001) were

Brody et
(2008)

al.

and

Online
survey
(experiment 3 x 2)

al.

(a) physical variables (i.e. distance to coast, relative elevation, sealevel rise, temperature trend, economic damage), (b) ecological
values, (c) knowledge, (d) perceived efficacy, (e) network interest, (f)
socio-demographics

Risk perception (3 items,
α = 0.843)

United States
(N=512)

Telephone survey

Carlton
and
Jacobsen (2013)

(a) Socio-demographics, (b) political attitudes, (c) social trust, (d)
environmental attitudes, (e) risk salience (experience, proximity to
coast), (f) risk characteristics (likelihood, consequences)

Physical
environment
risk perception (5 items,
α = 0.089), economic risk
perception (5 items, α =
0.71), biological risk
perception (4 items, α =
0.86)

United States
(N=558)

Classroom survey
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Authors

Significant predictors

Dependent Variable

Sample

Method

Kellens
(2011)

(a) Expert risk assessment (location), (b) socio demographic factors,
(c) residence characteristics

Risk perception (5 items,
α = 0.80)

Belgium
(N=619)

Mail survey

Akompab et al.
(2013)

(a) Socio-demographics, (b) knowledge, (c) adaptive behaviours

Australia
(N=267)

Mail survey

Pagneux et al.
(2011)
Peacock et al.
(2005)

(a) Socio-demographics, (b) location, (c) experience, (d) knowledge,
(e) attendance to photographic exhibition
(a) Knowledge and experience, (b) socio-demographics, (c) location
or proximity

Risk perception as a
function of perceived
vulnerability (α = 0.75)
and perceived severity (α
= 0.74)
Risk perception

Household survey

Risk perception (3 items,
α = 0.731)

Iceland
(N=90)
United States
(N=1,260)

Akerlof et al.
(2013)

(a) Personal experience, (b) cultural worldviews (proxy), (c) political
ideology, (d) place attachment and (e) socio-demographics

Local climate change risk
(8 items, α = 0.96)

United States
(N=765)

Mail survey

Spence,
Poortinga, and
Pidgeon (2012)

Psychological distance variables, (a) temporal, (b) spatial and (c)
uncertainty

Risk perception index (3
items, α = 0.83)

United
Kingdom
(N=1822)

Survey
based
on
computer
assisted
personal interviews

Leiserowitz
(2006)

(a) Holistic negative affect, (b) image affect, (c) naysayers, (d)
alarmists, (e) political ideology, (f) cultural worldviews
(egalitarian/individualist), (g) member of environmental group, (h)
newspaper reader and (i) socio-demographics

Risk perception index (9
items, α = 0.94)

United States
(N=673)

Mail survey

Smith
and
Leiserowitz
(2012)

(a) Holistic negative affect, (b) image affect, (c) naysayers, (d)
alarmists, (e) political ideology, (f) cultural worldviews
(egalitarian/individualist), (g) member of environmental group, (h)
newspaper reader and (i) socio-demographics
(a) Ecological values (NEP), (b) political ideology, (c) self-reported
knowledge about climate change, (d) perceived efficacy, (e) trust in
the media, (f) trust in experts, (g) confidence in science and (h) sociodemographics

Risk perception index (9
items, α = 0.96)

United States
(N=1,001)

Online survey

Risk perception index (6
items, α = 0.86)

New Zealand
(N=269)

Mail survey

et al.

Milfont (2012)
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Explained Variance
a significant predictor of biological risk perceptions.
Models explained around 10% of the variance in risk
perception. Model 1: Location (β = -0.21, p < 0.05), age (β =
0.02, p < 0.01) and gender (β = 0.32, p < 0.01) were all
determinants of risk perception. Model 2: age (β = 0.01, p <
0.01), gender (β = 0.32, p < 0.01) and flood experience (β =
0.21, p < 0.05) were all correlated with risk perception. Model
3: location (β = -0.47, p < 0.01), age (β = 0.01, p < 0. 01),
gender (β = 0.31, p < 0.01) and flood experience (β = 0.21, p <
0.05) were all correlated with risk perception.
Marital status, income and age were significant sociodemographic predictors of risk perception. No significant
relationship between education or knowledge on risk
perception.
Risk estimation varies significantly with location residence (p =
0.038).
The model explains 12.4% of the variance on risk perception.
Experience, socio-demographics (gender, race, age, income,
education) were all significant predictors of risk perception.
The model explains 55% of the variance in risk perception with
societal outcomes from climate policy, personal experience,
and gender being the most significant factors.
The model explains 54% of the variance in risk perception with
impacts on local area, impacts on people like me, temporal
distance and uncertainty over climate change being the most
significant factors.
The model explains 47% of the variance in risk perception with
holistic negative affect, negative image affect, political
ideology, cultural world views, and whether participants were
members of environmental groups being significant
contributing factors to risk perception.
The model explains 49.7% of the variance on risk perception
with holistic affect, political ideology, and cultural worldviews
being significant contributing factors.
The models explain 38%-48% of the variance in risk
perception. With age, environmental values, and perceived
efficacy all being significant predictors of risk perception.

COACCH Task 4.1: Elicitation results and conceptual framework on risk attitudes
Authors

Significant predictors

Dependent Variable

Sample

Method

Explained Variance

Malka, Krosnick
and
Langer
(2009)

(a) self-reported knowledge, (b) trust in scientists and (c) sociodemographics

Single items (perceived
general and national
seriousness)

United States
(N=1,002)

Telephone survey

The model explains 22-25% of the variance in risk perception.
Knowledge, trust in scientists, gender, and age were all
significant predictors of risk perception.
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2 European countries risk perception and preferences for riverine
flood risk reduction and limits to adaptation
2.1 Introduction
The presented work here is focusing on risk preferences for flood risk reduction on the
national level. Risk preferences on this scale are usually not determined by specific
stakeholders in specific sectors but are rather results of long-term governance processes on
the national scale (Gesquire 2010). In other words, each country has its own ‘history’ in
managing its risks and it is, therefore, difficult to assess, change and streamline such risks
and preferences jointly across countries (Hochrainer-Stigler and Lorant, 2018).
As suggested here, rather than focusing on questionnaire types of approaches to determine
risk preferences on the national level for specific sectors (with the disadvantage that this
information would only reveal individual and short term preferences and cannot be used for
determining future risk preferences) we suggest to look first at institutional settings and
legislative decisions made in that regard. This is especially relevant for risk reduction on the
national level as decisions on risk reduction usual include some long term investments that
are funded over several legislative periods, i.e. irrespective of the current political situation.
On the other hand, even if it is acknowledged that risk preferences have to be assessed on a
case by case basis (e.g. dependent on the sectors and specific history of risk reduction
measures implemented in the past) there is still the need to assess risk preferences in a
standardized way so that they can be applied and compared to all European countries as
well. One way forward to tackle this problem is to look at European agreements for disaster
financing that can assist countries in case of need. For example, the European Solidarity
Fund (EUSF) is assisting countries which experience losses greater than some given threshold
level, e.g. more than 0.6 percent of GDP. Importantly, the EUSF focuses on GDP and absolute
losses with the underlying rationale to assist just in cases when disaster events overwhelm
the capacity of a given country to cope with them (Hochrainer-Stigler et al. 2015). An
alternative is to look at country-based protection levels for risk reduction as a guiding
principle for determining risk preferences. The Flopros (2018) database can be used for this
purpose, as it gives indications of return periods that are set up to decrease disaster losses
up to a given level, e.g. in Austria risk reduction is done up to the 100 year return period, or
in other words, risk reduction is performed for events which happen more frequently than
every 100 years, on average. Furthermore, there are capacity-based approaches similar to
the EUSF rationale which focuses on the actual resilience of a country and its capacities to
deal with potential events.
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As done in other approaches such as Galarraga et al. (2018), the focus on extremes is
especially important in that regard and is taken in our suggested approach as
well.Specifically, we combine this focus on the extremes with the CatSim approach
(Hochrainer-Stigler et al. 2015) that combines the fiscal resilience of a country with the risk it
is exposed to today and in the future. This approach is especially useful as it can be
combined with future scenarios and possible changes in risk preferences, to decrease future
risk based on current risk coping capacities. In COACCH specific sets of scenarios are
considered (see Table 2) and therefore specific climate change projections that include risk
estimates for extreme risks need to be applied.
Table 2: Selected scenario combinations to be used in the COACCH project

” White = “low signal” climate model; lilac = “average” climate model; orange = “high signal” climate model;
black = fixed adaptation, “average” climate model.* With “low signal” and “high signal” climate model, we mean
adopting a climate model which leads to relatively high impacts. This can be a model which leads to relatively low/hightemperature change and/or to low/high precipitation changes. Source: Coacch Deliverable 1.5

For our purposes, we take the national flood risk information from the Aqueduct global flood
analyzer (Winsenius et al. 2018) focusing on the RCP 4.5 and RCP 2.6 within the SSP2
scenario which fits well with our suggested methodology as well as for estimating future risk
preferences on the state level. In doing so we also build a policy scorecard based on a risklayer approach. This should be useful and informative for decision makers on the national
scale about their current and future risk they are exposed to and may need to deal with. We
first discuss the CatSim approach used for assessing the resource gap that is used as an
indication of risk preferences (Section 3.2), afterwards present the data used for this
purpose (Section 3.3). and finally present the results in section 3.4 with an outlook to the
future in section 3.5.

2.2 Methodology: Catsim Approach
Our point of departure for the suggested methodology is the paper by Abadie et al. (2017)
and Galarraga et al. (2018) which suggested a risk threshold approach to be used for
progressive adaptation strategies. These and similar approaches treat the question of
PU
Page 19
Version 1.7
This project has received funding from the European Union’s Horizon 2020 research and innovationprogramme
under the Grant Agreement No 776479.

COACCH Task 4.1: Elicitation results and conceptual framework on risk attitudes

whether risks will overwhelm the coping capacity of a certain risk bearer usually in a rather
ad-hoc manner, providing a type of arbitrary threshold for decision makers’ risk aversion. For
example, Galarraga et al. (2018) used losses in percent of local GDP as an indicator, and
assumed that 1% or 2% (dependent on the case at hand) of relative losses will mark the
point of risk aversion for the risk bearer (in his case: the city government). We suggest
expanding this approach and use case specific coping capacities for determining the high-risk
threshold where, once reached, the risk bearer behaves risk averse (e.g. wants to decrease
this risk). Our focus is on the national level and we focus on the government and
corresponding fiscal risk it is exposed to due to extreme events. In a first step (see also
Figure 1) we calculate available resources to finance losses from extremes based on the
CatSim methodology. The method to calculate fiscal resources that a government may use
for financing a disaster has been presented in Hochrainer-Stigler et al. (2015) and we
updated the numbers using the latest available data. In a next step, the estimated coping
capacities need to be combined with the risk a country is exposed to, usually in the form of
loss distributions (step 2 in Figure 1).
Generally speaking, loss distributions for extremes are assessed within catastrophe
modelling, a resource-intensive task and even more complicated if future dynamics such as
climate change and socio-economic dynamics have to be incorporated such as in our work
(Winsemius et al. 2015). At the global level, only one study on direct flood risk that is of
relevance for our purposes is available, namely, probabilistic estimates of direct urban
damages (in USD 2010 ppp) as given by Winsemius et al. (2015). Usually, and also in this
case, such loss estimates do not incorporate protection levels in their models and we
therefore additionally use flood protection levels based on Scussolini et al. (2016) to identify
country-specific flood protection levels. The flood protection levels will identify at which
probability level losses will start to emerge. For example, if flood protection levels are
identified for a country to be at the 50 year return period, we assume that no losses (even if
losses are calculated for this specific return period in a Catastrophe model) occur for all
events which happen with higher frequency than the 50 year return period. This is in line
with many other studies dealing with extreme events at such large scales (see Jongman et
al., 2014, Hochrainer-Stigler et al., 2015) and therefore also used here. One additional
benefit in using these datasets is that our approach can be applied to all countries around
the world l. To take future changes into account (including model ambiguity, Table 1) we
used riverine flood risk estimates based on two different global climate models (GCMs),
namely, IPSL and MIROC (for a detailed explanation, see Winsenius et al. 2016). In addition,
we used two quite different Regional Concentration Pathways (RCPs), namely, RCP 2.6 and
RCP 4.5, for our analysis. Regarding the socioeconomic dimension, we applied a middle-ofthe-road scenario, namely, the SSP2 projections (as suggested in Table 1), and did not
account for other pathways.
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Figure 1: Methodological approach for establishing policy scorecards for all European
countries. Source: Adapted from Hochrainer-Stigler et al. 2015.

The available loss distributions give the correspondence between the probability of an event
happening and losses. Losses have to be financed with available resources. At some point
the losses are so large that they cannot be financed anymore. The events and corresponding
probability of such events can be assessed by combining the loss distributions with the fiscal
resilience estimates (middle of Figure 1). The event where for the first time not all losses can
be financed anymore is called the fiscal resource gap, the probability of this event is given
using the return period concept, e.g. a 50 year return period means that such an event
happens on average every 50 years, which can be estimated from the loss distribution (step
3 in Figure 1). The return period for the fiscal resource gap year event is our measure of
fiscal vulnerability. Note, the resource gap return period will indicate the probability of the
extreme event where a government cannot finance its losses and therefore can be used as
an indication for risk aversion (Mechler and Hochrainer-Stigler, 2016). Hence, we use instead
of the arbitrary risk threshold level suggested in past research the resource gap period
instead. As we will see in the results section, the situation when a government may behave
risk averse is very different for many countries in Europe and also changes over time.
The information above can now further be combined with the aforementioned risk-layer
approach to assess risk preferences, different adaptation options and costs for today and the
future. For our purposes we distinguish between three generic options, risk reduction, risk
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financing and assistance and corresponding three risk layers (Figure 2), low, medium and
high risk layer.
Low frequency/
High impact

High-risk
Layer

Mediumrisk Layer

Low-risk
Layer
High frequency/
Low impact

Figure 2: The layering approach for risk reduction and risk financing using a loss distribution.
Source: Adapted after Mechler et al. (2014)

The risk options and risk layers discussed are based on Linnerooth-Bayer et al. 2015. For the
low risk layer we include events up to the 100 year return period, e.g. that happen relatively
frequently and risk reduction is likely to be cost effective in reducing burdens. Utilizing risk
financing instruments for the middle ( up to the 500 year event) risk layers is suggested as
risk reduction options get increasingly expensive. Finally, as shown in the uppermost layer of
Figure 2, the high-risk layer, individuals and governments will generally find it too costly to
use even risk-financing instruments against very extreme risks occurring less frequently than,
say, every 500 years and assistance as well as residual risk has to be assumed. By using the
critical return period estimated before, it is now possible to determine in which risk-layer a
country belongs to as well as which adaptation options need to be used to decrease them
for today and in the future (Figure 1 right hand side). For each of the risk layers as described
above we use the corresponding color schemes for setting up the policy scorecards (step 4 in
Figure 1). In other words, we evaluate if the risk belongs to one of the three risk layers and
use red, yellow and green for indications of the risk preferences for today and the future.
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2.3 Data, Scenarios and Modeling Assumptions
The suggested methodology requires some important assumptions to be made, and there is
the question about the sensitivity of the results in regard to these assumptions. Concerning
model ambiguity, different models applied to the same problem can give quite different
results due to underlying assumptions and modeling approaches. To take this into account,
we used riverine flood risk estimates based on two different global climate models (GCMs),
namely, IPSL and MIROC (for a detailed explanation, see Winsenius et al. 2016). In addition,
we used two quite different Regional Concentration Pathways (RCPs), namely, RCP 2.6 and
RCP 4.5, for our analysis. Regarding the socio-economic dimension, we applied a middle-ofthe-road scenario, namely, the SSP2 projections, but did not account for other pathways
(mainly as we were focusing on the climate change part and to keep the model outputs
tractable). Regarding flood protection levels, we assumed flood protection for today and in
the future to be on the same level (and therefore assumed that current risk protection levels
are also adapted in the future to extreme risks, hence autonomous adaptation was assumed
and was not accounted for explicitly in the analysis) 3. Furthermore, we assumed that the
government would finance 50% of total losses, based on the fact that governments often
implicitly act as insurers of last resort (Hochrainer-Stigler et al. 2015; Grossi and Kunreuther
2006). Regarding the aforementioned EUSF and risk protection information, we always use
the most optimistic scenario (e.g. if finance gap is below the EUSF or the flood protection,
the lower risk realization is used, see the discussion below) to avoid any overestimation of
risk aversion.

2.4 Results
For each country in the European Union the resource gap year event, as well as the changes
in the short (2030) and long run (2050) was calculated based on the approach and data
discussed above. We present for one model and RCP 4.5 some detailed results next including
give a comprehensive discussion. Table 3 below shows how the information about the
resource gap was used to set up the different colors based on the risk-layer approach for
today and the future.
The results show a quite diverse picture with some countries never experiencing a resource
gap today and in the future, such as Sweden or the UK due to urban flooding, some showing
a high risk already today and in the future, such as Lithuania or Latvia. More generally,
eastern European countries are much more at risk and therefore should behave risk averse

3

One might also assume a very pessimistic scenario where flood protection fails and modeling wise one would not include
them in the analysis. As losses would be exceptionally high and it is generally acknowledged that such protection levels are
needed to be considered in extreme events and risk analysis we did not assume this case of failure in our analysis.
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already today and even more so in the future (indicated through the scorecards by red, see
also Figure 3). More subtle changes, however, can also be expected, for example for
Portugal as in the long-run problems will eventually emerge (under this selected scenario
under our assumptions as discussed in the previous sections). While they do not experience
a resource gap above the 500 year event, the risk increases considerably in the future with a
resource gap already in the low risk layer, i.e. risk is already emanating for rather frequent
events. Figure 2 is showing the change risk preference for countries for today and in the
future (2050) under the RCP 2.6 scenario.
Table 3: Resource GapReturn Periods (e.g. 100 means that on average the country will
experience a resource gap every 100 years, on average, or with 1 (=1/100) percent
probability each year) that and Risk Layer Results for European Countries. White=low risk
Lilac=middle risk, Orange=high risk. Model: IPSL, RCP2.6.
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With our threshold approach it is possible to tackle the question what the risk preference of
a country should be given the resources they have (as indicated we focus on the financial
resilience dimension). Even more important we can answer partly the question how risk
preferences would be in the future and what it would mean for the current situation. This is
very much related and similar to work done on the city level and household level within WP4
and suggested approaches (e.g. Abadie et al. 2017, Galarraga et al. 2018). Regarding the
dynamics of risk preferences on the national level (see also Figure 4) 5 countries will
transition from the low risk-layer to the middle risk layer for the 2030 period indicating that
they should be risk averse already now due to future changes. 11 countries move at least to
the middle risk layer in the long run 2050, with most of them reaching the high risk-layer
indicating that some limits of adaptation are reached if not something is done against it
already today or in the near future.
Our policy scorecard in combination with the detailed information on the resource gap can
be used for an integrated EU wide assessment in a variety of policy domains, in our case
focusing on extreme event risks using a risk-layer approach. As done similarly in other works
on scorecards, in our approach the scorecard is also based on different thresholds that
indicate different amounts of current and future pressures. Importantly, the scorecard can
indicate how risk preferences would change over time given that the same amount of
resources as today are used, but risk has changed due to climate and global changes. It,
therefore, can be used to help and guide policy makers in regards at what time and to which
extent risk may exceed coping capacities and to what types of risk (e.g. frequent or
infrequent) will likely cause problems.

PU
Page 25
Version 1.7
This project has received funding from the European Union’s Horizon 2020 research and innovationprogramme
under the Grant Agreement No 776479.

COACCH Task 4.1: Elicitation results and conceptual framework on risk attitudes

Figure 3: Countries and risk preferences today (RCP 2.5, left) and in the Future (2050, right).
White: Low risk, Lilac: Middle risk, Orange: High risk

Figure 4. Changes in risk preferences over time (orange) or staying at the same level (black)
(Future scenario 2050 with RCP 2.5. and SSP 2). For the actual risk preference we refer to
Figure 3.

2.5 Discussion and outlook
How can risk preferences as well as limits to adaptation be measured on the national scale
for today and in the future? As was argued in the report, risk preferences on that scale are
determined by long term governance processes and are institutionalized rather than decided
on a case by case basis. Consequently, different threshold approaches used in already
implemented disaster risk reduction and financing instruments on the country (e.g. flood
protection return periods) and the European scale (e.g. using the European Solidarity Fund)
were looked at. It was argued that a capacity-based approach would be most appropriate to
be applied, especially as it would make it possible to take future changes explicitly into
account. Based on the CatSim approach we analysed current and future risk due to flooding
on the country scale for Europe. We used a so-called risk-layer approach to build a scorecard
which should indicate the necessity to invest in risk reduction already today or in the future.
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This should be helpful to guide policymakers in regards how risk preferences are today and
will be change in the future given current resources available. It therefore also gives
important indications what kind of risk will probably arise in the near and far future and
what kind of instruments would be most beneficial to be implemented given the risk
realization.
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