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frameworks that often fail to explicitly address risk perception, whereas risk perception theories
usually overlook social vulnerability. The resulting social vulnerability research gap might be self-
reinforcing: empirical studies will find it difficult to derive vulnerability as relevant for perception
from the current theories, while the fragmented empirical evidence thus far offers little support to
connect risk perception theories and social vulnerability frameworks. This study addresses this
gap by exploring the links between social vulnerability and risk perception, first in the most
commonly used theoretical frameworks - including adaptive behaviour, then with original
empirical data from France after a series of floods (n = 5,000). The novelty is to compare the
explanatory power of social vulnerability with two common explanations of risk perception:
previous hazard experience and risk information. The models implementing social vulnerability
are overall explaining the larger effects. Furthermore, when taking social vulnerability into ac-
count, experience remains a robust explanation, whereas information and campaigns often lose
their significance. One key implication is that policies aimed at reducing social vulnerability
might be more effective than risk communication campaigns to increase awareness and pre-
paredness. This underlines the necessity to systematically investigate the impacts of social
vulnerability on risk perception in a larger variety of case studies, disaster stages, and hazard
types.

1. Introduction

Despite decades of research on protective behaviour and risk perception, the impacts of disadvantage and vulnerability are often
overlooked [1], especially in materially advantaged societies [81]. Highly exposed and vulnerable people often feel left alone to cope
with and adapt to the consequences of flooding [2], and even the most adapted and experienced groups feel helpless after repeated
disasters [3]. While individual capacity and resources to reduce losses caused by extreme events are highly influenced by individual
knowledge, resources and power to undertake active actions [78], understanding why households can neither afford nor are willing to
engage themselves in such actions requires disaggregating population groups and socially vulnerable situations [44]. However,
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disaster risk reduction (DRR) and climate change adaptation (CCA) thinking and policy are increasingly fostering public engagement,
individual awareness and individual responsibility, emphasising individual perception and behaviour. Limits on individual action and
the impact of social vulnerability remain too often unquestioned. As a result, many studies might conflate the lack of capacity with a
lack of knowledge or willingness [4]. What the literature calls “risk denial” or “lack of risk awareness” might be a rational defence
mechanism if some groups cannot escape hazard exposure and are in too vulnerable situations to adapt [5,82].

Disentangling the connections of risk perception with the underlying social vulnerability and exposure remains a challenge [6,7].
Uncertainty derives from both theoretical and methodological challenges. A recent meta-analysis has found that theories focusing on
individual perception, decision-making processes and behavioural aspects prevail in the fields of DRR and CCA. In contrast, theories
shedding light on collective social processes and social vulnerability have a low uptake [8]. This means social processes are

Table 1
Theories with a focus on risk perception, implementing vulnerability or adaptation.

Theory

Focus on risk perception

Contains the term ‘vulnerability’

Contains the term
‘adaptation’

Construal Level Theory
(CLT)

Cultural Theory of Risk
(CTR)

Expected Utility Theory
(EUT)

Person Relative to Event
(PrE)

Prospect Theory (PT)

Protection Motivation
Theory (PMT)

Protective Action
Decision Model
(PADM)

Psychometric Paradigm
(PP)

Social Amplification of
Risk Framework
(SARF)

Theory of Planned
Behaviour (TPB)

CLT explains that risk perception and decision-making vary
according to several type of distance, temporal, spatial, social and
hypothetical (likelihood) distances. Proximity is associated with
low-level construal, when people think more concretely and focus
on the near future, making people less likely to engage in risky
behaviour or to procrastinate.

CTR asserts that social organizations endow individuals with
perceptions that reinforce those structures in competition against
each other. Attitudinal scales reflect the “worldviews” associated
with organisation constraints and ways of life. Risk perceptions are
distributed across persons in patterns better explained by culture
and power than by other potential influences.

EUT explains which option rational individuals should choose in a
complex situation, based on their risk aversion and preferences.
Agents choose between prospects by comparing utility values: the
sum of the payoffs multiplied by their probabilities. It has been
invalidated in experiments.

PrE emphasizes the relationship between level of appraised threat,
resources and fear. While increasing levels of threat when
resources are appraised as insufficient will be fear-arousing and
decrease problem-focused coping, appraising resources as
sufficient in quantity and quality to minimize the negative
consequences will increase levels of preparedness.

PT describes how individuals assess their loss and gain perspectives
in an asymmetric manner (loss aversion). Humans do not
undertake a full cost-benefit analysis to determine the optimal
decision, but choose an option that fulfils their criteria (bounded
rationality).

The risk appraisal process consists of the perceived probability and
the perceived severity of the events. The coping appraisal process
depends on a person’s belief in his own ability to carry out the
adaptation measure (perceived self-efficacy), the belief in the
effectiveness of the adaptation measure (perceived response
efficiency) and the perceived costs of the adaptation measure.
PADM identifies three core perceptions (threat, protective action,
social and environmental cues) that form the basis for
comprehension of warnings or exposure and decisions about how
to respond to an imminent or long-term threat.

PP focuses on the roles of affect, emotion, and intuition in
influencing risk perception by examining expressed preference: the
degree to which a risk is understood, the degree to which it evokes
a feeling of dread, the number of people exposed to the risk. A
dread risk produces feelings of terror, worry, inequality, and
uncontrolled. An unknown risk is new. The more a person dreads
an activity, the higher its perceived risk and the more that person
wants the risk reduced.

Certain aspects of hazard events and their portrayal in mediated
and other sources interact with psychological, social, institutional,
and cultural processes in ways that might attenuate (decrease) or
amplify (increase) perceptions of risk and, through this, shape
behaviour.

TPB links beliefs to behaviour. The theory asserts that three core
components, attitude, subjective norms, and perceived
behavioural control, shape an individual’s behavioural intentions.
In turn, behavioural intention is considered the most proximal
determinant of human social behaviour.

No, but social capital is mentioned

No, but inequalities are mentioned

no

no

no

no

No, but in some applications, social
capital and perceived inequalities are
explored

No, but inequalities are mentioned

No, perceived inequality of risk
distribution is sometimes mentioned
but this is exposure

no

no

no

no

no

no

yes

yes

no

no

yes
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predominantly analysed and explained through the lens of individual actions and sense-making processes. The dominant methodo-
logical individualism also results in the exploration of isolated socio-demographic characteristics that impact risk perception and
adaptive behaviour [9]. Socio-demographic characteristics are among the most contested drivers [10], even though some variables are
usually collected to assess the survey sample compared to census data [11], they are inconsistently implemented and tested from one
study to another [5,12]. Moreover, a few unsettled socio-demographic drivers studied in isolation might misrepresent the impact of
social vulnerability [12], as intersectionality theory incorporates how multiple positions of disadvantage jointly affect vulnerability,
intersectional groups to experience distinct disaster outcomes than individual populations [1].

While practitioners and first-responders are often prompt to call for more risk communication and awareness campaigns [13,14,67,
72] or to suggest that at-risk people lack judgment or motivation [15], we argue that such claims are rarely thoroughly investigated (e.
g., [12,16,171), whereas studies usually overlook the social vulnerability and capacities of the most exposed people. Our general
assumption is that disadvantage and vulnerability are kept in a blind spot because risk perception theories and adaptive behaviour
models are typically disconnected from social vulnerability frameworks. This results in a gap, both from the academic and practitioner
perspectives. A follow-up research question would be to explore social vulnerability as an ancillary or alternative explanation of risk
perception, compared to the most common assumptions — i.e., the impacts of previous hazard experience and the effectiveness of risk
awareness campaigns. This study addresses this social vulnerability research gap by exploring the links between social vulnerability,
risk perception, and adaptive behaviour, first in the most commonly used theories and frameworks; second, with empirical data from
France after a series of floods; and third, it discusses the opportunity to update existing frameworks.

2. A social vulnerability research gap

Theoretical frameworks are intended to guide the research design, the selection of research questions and possible explanations.
While there is a diversity of theoretical frameworks in the areas of risk perception, adaptation and vulnerability, hermeticity between
these areas, compatibility among theories or interconnection issues might result in social vulnerability to be systematically overlooked
in disaster risk perception studies, and vice-versa. In turn, if the lack of interconnectedness between relevant theories results in a blind
spot, this might explain the fragmented empirical evidence published so far.

2.1. Theoretical frameworks

First, we investigate the main risk perception and adaptive behaviour theoretical frameworks to determine whether they include
social vulnerability as a driver or factor. Then, we examine the main social vulnerability frameworks to investigate if they include risk
perception or adaptive behaviour. A recent study found that disaster risk perception studies are not strongly embedded in a theoretical
framework: despite some high-profile theories, their overall uptake and usage in empirical studies across hazards and context is lower
than expected [12]. This issue is not specific to disaster risk perception or behaviour: a recent large meta-analysis on the role of theory
in publications on social vulnerability, resilience, and adaptation found that 90 % of studies had no explicit theoretical underpinning
[8]. We used this meta-analysis [8] and this recent survey among experts in the field [12] to establish a list of the main theories and
frameworks, and we first investigated if the theories with a focus on risk perception are implementing vulnerability or adaptative
behaviour (Table 1).

Table 1 indicates that none of the main theories on risk perception also considers social vulnerability and adaptive behaviour. In
fact, no theory considers social vulnerability as a driver or factor, even if some applications of the Protective Action Decision Model
(PADM) explore social capital or perceived inequalities in isolation [18]. Conversely, adaptive behaviour is explicitly implemented in
the Protection Motivation Theory [19], PADM [20] and the Theory of Planned Behaviour [21].

Table 2 indicates that none of the main theories focusing on adaptive behaviour is considering social vulnerability as a driver or
factor, whereas most of them do include individual risk perception. Overall, the terms of vulnerability or adaptation are rarely

Table 2
Theories with a focus on adaptation, implementing vulnerability or risk perception.
Theory Focus on adaptation Contains the term Contains the term
‘vulnerability’ ‘risk perception’
Driver-Pressure-State- DPSIR is describing a chain of causal links starting with ‘driving forces’ (human no no
Impact-Response activities) through ‘pressures’ (risks, emissions) to ‘states’ and ‘impacts’ (on
(DPSIR) ecosystems, humans and functions), eventually leading to societal response (e.g.,
policy choice) and feedback from the environment.
Health Belief Model HBM links beliefs and expectation of consequences to behaviour. People’s no yes
(HBM) beliefs, perceived exposure, perceived benefits of action, barriers to action, and

self-efficacy explain engagement. A stimulus, or cue to action, must also be
present in order to trigger the change of behaviour.

Protective Action Decision =~ PADM informs how the processing of information from social and environmental — no yes
Model (PADM) cues shapes behaviour (see Table 1).

Theory of Planned TPB links beliefs to behaviour. The theory asserts that three core components, no yes
Behaviour (TPB) attitude, subjective norms, and perceived behavioural control, shape an

individual’s behavioural intentions. In turn, behavioural intention is considered
the most proximal determinant of human social behaviour.
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addressed explicitly in the frameworks identified. However, some relations or applications of related terms and fields, such as social
capital are mentioned, as well as inequalities. The findings show that even renowned and comprehensive frameworks about behaviour
or motivation theories are coming short to explicitly express how the dimensions of vulnerability or adaptation could be theoretically
structured.

Symmetrically, in the most commonly used frameworks of social vulnerability in DRR [22-27], risk perception is not addressed
explicitly. While obstacles to adaptation are mentioned in the considered frameworks, risk perception is not implemented among the
factors. Other frameworks exist in related fields such as communications or management. For example, the Transtheoretical Model of
Change (TTM) [28] focuses on behaviour and barriers for change that linger in different phases of contemplation and action; it does not
explicitly combine vulnerability, perception and/or adaptation either. Nevertheless, studies in disaster risk social vulnerability do
acknowledge that different social groups have different forms of perception and knowledge [29]. They are often deemed key for better
understanding community vulnerability and disaster risk reduction [66,83]. This includes for example the integration of indigenous
and scientific knowledge [30], or the role of building trust through social collaboration [31].

The blind spot can thus be found in all three subfields, as none of the currently most in use theories, neither in risk perception, nor in
adaptive behaviour, nor in social vulnerability, explicitly connects vulnerability with perception. The identification of this gap is
consistent with recent findings from surveys among experts [17] and from recurring conferences [32]. In existing theories, the
individualistic and psychological approaches are dominant to study risk perception. Still, their current self-reinforcing use loop might
lead to overlook the need to consider social vulnerability as a possible factor.

2.2. Empirical studies

While empirical studies of risk perception have extensively covered individual aspects and usually implement socio-demographics
variables, only few have explicitly studied the impact of social vulnerability (e.g., Refs. [6,33,34]). Some characteristics are more often
gathered to explain disaster risk perception. For example, older people are often reported in empirical studies to perceive higher risk
[35,36]. Older and wealthier people have been found to have higher perceptions and consequently adopt more prevention measures
[74]. The longer one lives in the same place, the better one perceives the risk [37]. The more social and cultural capital people have,
the more informed they are about risks [35,37]. White males have been found to be less informed than a woman or a person from a
minority group [84]. The least educated are the most concerned about flood risk [85]. This effect is related to the relationship between
education and income [38]. Ethnicity, social structure, and cultural grid have also been found to be explanatory variables [39,79].
Many more characteristics in qualitative studies or variables in quantitative studies can be found in connection with risk perception in
social vulnerability or adaptation studies. Reviews of risk perception factors often mention all these facets and stress previous expe-
rience as a key factor [40,41]. Caution of caveats and generalisations are also provided — for example, that such findings on certain
populations groups should not represent the stereotype [84].

CCA studies focusing on risk perception have a slightly different perspective. Extreme events are a conceptual bridge to traditional
lines of social vulnerability studies regarding disaster risk perception. But CCA also captures perceptions of behavioural and societal
change to more sustainable behaviour and everyday processes [64]. Heterogeneous groups again play a major role in such studies, for
example, the sub-narratives leading to inaction due to conflicting interests, resource distributions and more [42,76]. This aligns with
traditional findings in political security literature that identifies major conflicts within resource distribution, values, ideologies, co-
ordination of action and epistemic knowledge [43].

Whilst many studies focus on a few isolated demographic indicators, e.g., age, gender, or education [38,40] or conflate vulnera-
bility with hazard exposure [86], vulnerability is multidimensional and independent from exposure [27]. While many disciplines have
different ways of defining, measuring, and assessing social vulnerability [44], and factors have been said to be limitless, dynamic, or
context dependent [29,45,46], there is a growing convergence in quantitative studies on the main determinants of social vulnerability:
demographic characteristics, socioeconomic status, discrimination and disability, and to a lesser extend living or housing conditions
and tenure [47]. Intersectional approaches have highlighted that vulnerability is not the sum of discrete independent characteristics
and cannot be boiled down to age, gender, education or even income [1]. As a result, recent publications have suggested to study the
locally varying specific intersections of vulnerability drivers to advance the understanding of social vulnerability [48]. In contrast, very
few studies have explored the relationships between social vulnerability, risk perception (e.g., Refs. [35,36]) and/or adaptive
behaviour (e.g., Refs. [49,50]). Moreover, recent studies have suggested that vulnerable groups could be more uncertain about risks,
have insufficient knowledge, and might be misrepresented in disaster risk perception studies [37,87].

3. Survey on floods in Paris — data and methods

To deepen the investigation of the impact of social vulnerability on risk perception, risk awareness and adaptive behaviour and help
bridge this theoretical gap, we use a unique dataset of 5,000 respondents in Paris, France, following a series of floods. Paris is a 13
million inhabitant metropolitan area where more than one million people are directly exposed, and up to five million are indirectly
exposed to floods [51]. The survey followed two flood events in 2016 and 2018, requiring large-scale evacuations, after one major
European flood exercise in 2016 [77]. The survey was administered face-to-face in 2022 to a socially and spatially stratified random
sample of 5,000 respondents. About half of the sample comprised of residents living in the official 100-year floodplain. One-third lived
in indirect impact zones, indicating that even if their home was not directly flooded, they could still face power, water, heating, or
phone outages and sewer backflows. The rest of the respondents lived outside of these exposure zones. The stratified random sampling
technique using both geographically based strata and social strata produced a sample representative at different spatial scales
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(municipality, county, metropolitan region) and different exposure levels across the Paris metropolitan area. The participants were
randomly recruited for each location within the Paris metropolitan area until the location-specific social quotas were fulfilled. This
approach overcomes drop-out or response rate issues while quotas control for potential biases. The questions asked are detailed in the
appendix.

We use this unique dataset and novel approach to confront the common assumption that previous hazard experience is the main
driver of risk awareness and risk perception levels, and that risk communication campaigns are effective to raise awareness and align
risk perceptions with the actual levels of exposure. We then explore social vulnerability as an alternative explanation, and finally we
compare the explicative power of these different hypotheses. This results in a series of testable hypotheses:

Hypothesis 1. Previous hazard experience is the main driver of risk perception
Hla. Previous hazard experience leads to a more accurate perception of hazard exposure
H1b. Previous hazard experience increases confidence but also worry

Hle. Previous hazard experience increases flood perception levels

Hypothesis 2. Social vulnerability should be considered as an alternative explanation
H2a. Social vulnerability situations impact the perception of hazard exposure
H2b. Social vulnerability situations decrease confidence but increases worry
H2c. Social vulnerability situations impact flood perception levels

H2d. People in socially vulnerable situations are more likely to answer "I don’t know"

Hypothesis 3. Information campaigns are effective to raise awareness and align perceptions
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Fig. 1. Global correlation matrix (blank is not significant at 1 %).
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H3a. Information campaigns lead to a more accurate perception of exposure
H3b. Information campaigns impact confidence and risk perception

H3c. Information campaigns impact flood perception levels

H3d. People who remember campaigns are less likely to answer "I don’t know"
Hypothesis 4. Comparison of the power of the different explanations

H4. Compared to the most common assumptions, social vulnerability brings an additional level of explanation of disaster risk
perception

For each hypothesis, we constructed a reference model for each independent variable (two for exposure, one for worry, two for trust
and three for risk perception), including explanatory variables to represent the underlying concepts of a specific explanation, resulting
in a variable number of explanatory variables from one hypothesis to another. The model compares the odds of each factor of an
explanatory variable relative to a reference factor. This "all other things being equal" analysis, measuring the effect of each considered
factor isolated from the effects of other explanatory variables included in the model. To avoid introducing an implicit selection bias
[37], the respondents who express “don’t know” are analysed in separate models.

We used logistic models to calculate the odds ratio for dichotomous independent variables. We used logistic regressions with
proportional odds ratio models for the multinomial independent variables. These measure the effect of the explanatory categories on
the probability of crossing an upper threshold of the independent variable while retaining the information resulting from the cate-
gories. We then used likelihood ratio tests to rank the information provided by each explanatory variable for each model. The test
statistic is based on the difference in likelihood ratios between the full model, which includes all the variables, and the model under the
null hypothesis with no specific explanatory variable. High likelihood ratio values mean that the null hypothesis cannot be rejected. In
contrast, low values mean that the model retaining this specific variable improves the quality of the fit. We rejected the p > 0.05 and
indicated the significance level of the test for each variable with overall p-values in order to assess whether this variable provides
information about all the other variables in the model.

This is a higher-level explanatory analysis to investigate the amount of information captured by each variable in each model and the
overall explanatory power of each hypothesis. The pseudo-R-squared (R?) is a measure of the quality of the fit. We used the correction
proposed by Nico Nagelkerke to ensure that the perfect fit value equals one. The Akaike Information Criterion (AIC) estimates the
relative quality of models for a given set of data: the lower the value, the higher the model’s ability to explain the dependent variable’s
variability.

4. Results of the survey

The global correlation matrix explores the relationships among all answers to the survey (Fig. 1). The Kendall’s Tau correlation
matrix reports inter-correlations among the demographic, social, psychological and behavioural variables. The results are presented as
a heatmap, with statistically significant correlations (p < 0.01) highlighted in red for positive and blue for negative correlations. In the
heatmap, the variables are reordered according to the angular order of the eigenvectors of the correlation matrix to help reveal the
patterns in the data. The eigenvalues are related to the variances of the variables, the entire correlation matrix is needed to compute the
resulting eigenvectors.

In Fig. 1, the flood exposure variables (perceived and measured), the adaptation scores (flood and pandemics), most flood
perception variables (duration, frequency, consequences, prediction), higher worry for domestic accidents and pandemics, the
oversight of children under the age of 12, and to a lesser extent, volunteering in civil protection, are positively and significantly related
to each other (bottom right). Conversely, these variables are negatively correlated to age, length of residence in the same neigh-
bourhood, ease of writing and speaking French, fear of walking at night in the street and trust in the government and institutions
(bottom left). In this second cluster, the variables are positively and significantly related to each other: i.e., in the sample, older re-
spondents are less likely to face linguistic isolation and more likely to trust the institutions. However, the memory of information
campaigns and awareness of official flood information have less significant correlations and stand closer to the centre of Fig. 1 with
most socio-demographic variables.

Table 3 suggests that previous hazard experience might have some significant links with perception of hazard exposure (H1a).

Table 3
Previous hazard experience and perception of hazard exposure.
Right about direct exposure Right about indirect exposure
Flood experience ek
Flood proofing (home) - s
Power cuts (indirect exposure) 2
Model binomial binomial
AIC 6924 6589
Pseudo R? 0.004 0.049
N 5000 5000

Note: The following symbols represent the respective levels of statistical significance: _ n.s., * 5 %, ** 1 %, *** 0.1 %.
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People with previous flood experience might seem to be more likely to be right about their direct flood exposure (home in the flood
zone) and their indirect exposure (indicating that they could face power, water, heating, or phone outages, and sewer backflows, even
if their home were not directly flooded). People with previous experience of severe power, water, and/or heating outages (indirect
experience) might also have reported significantly different both direct and indirect flood exposure. Living in a flood-proofed
(adapted) home was only reported as significantly related to being right about indirect exposure, not direct flood exposure, which
is unexpected. However, the low model fit (pseudo R? < 0.15) of both models calls for greater caution regarding the robustness of these
reported relationships (significant likelihood ratio test).

Table 4 suggests that previous hazard experience might have a significant impact on answers about flood worry, trust in flood
forecasts, and trust in institutional flood information (H1b). While all variables — previous flood experience, having adapted after a
flood, living in a flood-proofed home, and indirect (power cuts) experience — are all positively and significantly related to worry and
trust, the low model fit of the three models calls for caution regarding the robustness of these relationships.

Table 5 reports that previous experience has a significant impact on flood perception levels (H1c). The better fit of the models
suggest more robust relationships. All variables — previous flood experience, living in a flood-proofed home, and indirect (power cuts)
experience — are all significantly related to answers about flood frequency, flood consequences, and relative perceived exposure (my
home is more exposed to floods than other neighbourhoods).

Table 6 suggests that proxies of social vulnerability might have significant relationships with being right about their own direct and
indirect hazard exposure (H2a). However, the low model fit of the two models calls for caution.

Table 7 shows that proxies of social vulnerability might have an impact on answers about flood worry, trust in flood forecasts, and
trust in institutional flood information (H2b). However, the low model fit of the three models calls for caution regarding the robustness
of at least some of these relationships.

Table 8 reports that social vulnerability has a significant impact on flood perception levels (H2c). While the models on flood
consequences and on relative perceived exposure (my home is more exposed to floods than other neighbourhoods) have a low model
fit, the model on flood frequency has a much higher explanatory power. In the case of flood frequency, almost all proxies of social
vulnerability introduce significant differences in the answers when controlling for official flood exposure, with the exception of ed-
ucation attainment and being a single-parent family.

Table 9 reveals that some vulnerability proxies increase the likelihood of answering “I don’t know” to any of the previous questions
on flood exposure, worry, trust, frequency, consequences or relative exposure (H2d). While the low fit of some models calls for caution,
the model on worry about flood has a much higher explanatory power. In the case of flood worry, some vulnerability proxies have an
impact on “I don’t know” answers, including gender, income, length of residence, language isolation, and being part of a minority.

Table 10 shows little support for a link between the memory of information flood risk campaigns or the awareness of official flood
information and being right about their own direct and indirect hazard exposure (H3a). While awareness of official flood risk in-
formation has a no relationship with being right about their direct flood exposure, the low model fit of the two models calls for caution
about the robustness of the other relationships.

Similarly, Table 11 reports that when controlling for official flood exposure, the evidence of an impact of information campaigns or
flood information on flood worry or trust in flood forecast or institutional information is very weak (H3b). Contrary to expectations,
the very low fit of the three models calls for caution about the robustness of the only few apparent relationships with worry or between
information and trust.

In the same contrasting way to expectations, Table 12 reveals little support for a link between information campaigns or flood
information and flood frequency, flood consequences, or relative exposure (my home is more exposed to floods than other neigh-
bourhoods) (H3c). The very low fit of the three models challenges the robustness of the few apparent relationships.

Finally, Table 13 casts doubt on the hypothesis that people remembering flood information campaigns or aware of flood risk in-
formation would be less likely to answer "I don’t know" to any of the previous questions on flood exposure, worry, trust, frequency,
consequences or relative exposure while controlling for official flood exposure (H3d). While a few significant correlations might seem
to support an effect of campaigns and flood information on the answers, the very low fit of all the models challenges the robustness of
any of these relationships.

Table 14 reveals that combining the constructs from all three sets of explanations allows to reach a higher explanatory power for all
independent variables (H4). While some models have a low fit, four models reach a much higher explanatory power: worry about
flood, flood frequency, flood consequences, and relative flood exposure. In the case of flood worry, previous experience, campaigns,
flood information, as well as many proxies of social vulnerability, including age, gender, education, income, language isolation, and

Table 4
Previous hazard experience, worry and trust.

Worry about flood Trust flood forecast Trust institutional flood information

Flood experience

Flood proofing (home) *

Power cuts (indirect experience) hd ok
Model multinomial multinomial binomial
AIC 13387 13876 6730
Pseudo R? 0.09 0.028 0.039

N 5000 5000 5000

Note: The following symbols represent the respective levels of statistical significance: _ n.s., * 5 %, ** 1 %, *** 0.1 %.
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Table 5

Previous hazard experience and flood perception levels.

International Journal of Disaster Risk Reduction 129 (2025) 105789

How often does flooding occur?

Floods have severe consequences

Relative perceived flood exposure

Flood experience

Flood proofing (home)

Power cuts (indirect experience)
Model

AIC

Pseudo R?

N

P

multinomial
14887
0.258

5000

Fdked

multinomial
14642
0.118

5000

ks

multinomial
13676
0.154

5000

Note: The following symbols represent the respective levels of statistical significance: _ n.s., * 5 %, ** 1 %, *** 0.1 %.

Table 6
Social vulnerability and perception of hazard exposure.

Right about direct exposure Right about indirect exposure

Length of residence - -
Age - *
Gender - *
Education
Income
Language isolation - *
Single-parent * -
Children (under 12) - -
Disability - -
Minority * o
Tenant * -

Model binomial binomial
AIC 6892 6674
Pseudo R? 0.032 0.049

N 5000 5000

Note: The following symbols represent the respective levels of statistical significance: _ n.s., * 5 %, ** 1 %, *** 0.1 %.

Table 7
Social vulnerability, worry and trust.

Worry about flood Trust flood forecast Trust institutional flood information
Exposure - o -
Length of residence ok ok -
Age Sk _ .
Gender ke Kk ek
Education -
Income e *
Language ok _ -
Single-parent - - -
Children - i -
Disability - - -
Manrlty Kk Kk Fekk
Tenant - - -
Model multinomial multinomial binomial
AIC 13453 13769 6634
Pseudo R? 0.125 0.093 0.076
N 5000 5000 5000

Note: The following symbols represent the respective levels of statistical significance: _ n.s., * 5 %, ** 1 %, *** 0.1 %.

being part of a minority, retain a significant impact on the answers. In the case of flood frequency and relative flood exposure,
campaigns and flood information have no significant effect. Conversely, in the case of relative flood exposure, almost all social
vulnerability proxies have a significant effect on the answers, with the exception of income and having children under 12 years of age.
Overall, prior experience is the most robust explanation, followed by most proxies of social vulnerability, whereas the information,
awareness and campaigns explanation are less often significantly associated with the answers.

Using this combination as a benchmark, we can observe how much each set of explanations deviates from the maximum expected
explanation (higher pseudo-r%, lower AIG). The models of hypothesis 1 (H1) on prior hazard experience (Tables 3-5) and models of
hypothesis 2 (H2) on social vulnerability (Tables 6-8) are overall the models explaining the larger effects. Contrary to expectations, the
models of hypothesis 3 (H3) on information and communication campaigns (Tables 10-12) always have a low model fit, challenging
the robustness of the few apparent relationships. As expected, the H4 models combining all three explanations (Table 14) always reach
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Table 8
Social vulnerability and flood perception levels.
How often does flooding occur? Floods have severe consequences Relative perceived flood exposure

Exposure *
Length of residence ok
Age ke _
Gender dededk Fedkedk ko
Education - - *
Income e e -
Language dkk _ ke
Single-parent - - *
Ch]ldren kkk Fekk ek
Disability el o -
Minority s -
Tenant - -
Model multinomial multinomial multinomial
AIC 15654 15010 14097
Pseudo R? 0.223 0.088 0.114
N 5000 5000 5000

Note: The following symbols represent the respective levels of statistical significance: _ n.s., * 5 %, ** 1 %, *** 0.1 %.

a higher fit, meaning that combining the constructs from all three sets of explanations increases explanatory power.
5. Discussion

5.1. Discussion of results in relation to the hypotheses and literature

One of the main objectives of this article is to reconnect risk perception and social vulnerability. In line with hypothesis H2, we find
that social vulnerability has a significant impact on a range of disaster risk perception answers. Our findings are overall consistent with
the results of the very few previous empirical studies: social vulnerability [33,52,63,70], social exclusion [50], deprivation [53], living
in a neighbourhood with greater levels of social marginality [6], or informal settlements [54], or self-reported vulnerability [36] do
significantly increase the perception of levels of risk (H2c). However, contrary to previous findings, our results offer little support for
an impact of social vulnerability on the awareness of exposure [34,73] (H2a) or the expressed levels of worry [55] and trust [35]
(H2b). It is worth noting though that in our results, the intersection of social vulnerability proxies retaining significance is varying
according to the dimension of disaster risk perception or awareness implemented. Nonetheless, we confirm in H2d that people in
vulnerable situations are more likely to answer "I don’t know" to many questions [37].

Reviews of risk perception studies often point to previous hazard experience as a key factor [40,41]. As expected, our results
converge with previous studies on the impact of previous experience (H1a), as it has been shown to lead to a more accurate perception
of exposure [38,56]. Direct physical and emotional experiences have also been found to correlate with worry [57], which matches our
findings for H1b. Many studies have found that people with direct hazard experience subsequently express a higher perceived risk than
people without experience (e.g., [581]), which is supported by our results for H1c. While fewer studies have examined the influence of
risk communication [80,88], our results could not confirm previous suggestions that communication campaigns do lead to a more
accurate perception of exposure [59] (H3a) and increase flood perception levels [14] (H3c). Contrary to expectations, the results could
also not support an effect on trust in forecasts or institutional information (H3b). Similarly, the low explanatory power in our results
challenges the idea that the awareness of official risk information and memory of information campaigns significantly reduces the
likelihood of answering "I don’t know" to any of the risk perception questions (H3d).

A novelty of our approach is to compare the relative explanatory power of these three sets of hypotheses (H4). When combining all
explanations, previous hazard experience remains the most often significant, followed by most proxies of social vulnerability, whereas
the information, awareness and campaigns lack robust explanatory power. This suggest that social vulnerability brings an additional
level of explanation, and one more robust than risk information or communication campaigns.

5.2. Vulnerability and perception in the context of the main theories

We reveal the existence of a social vulnerability research gap, as not only theoretical frameworks of risk perception and adaptive
behaviour overlook social vulnerability, but also symmetrically social vulnerability frameworks fail to explicitly address risk
perception. Our empirical results highlight the need to refine existing theories to more systematically research the links between social
vulnerability and risk perception. Theoretical frameworks are intended to guide the research of possible explanations. As a result of
this social vulnerability gap, many studies might find it difficult to even consider vulnerability, implement it in their hypotheses, or test
is among their explanations. In turn, this might explain the scarcity of the empirical evidence exploring the links between social
vulnerability and risk perception published so far, and in a feedback loop offer little in support of explicitly connecting risk perception
theories and social vulnerability frameworks. While some have recently suggested efforts in this direction [5,60], this is not
straightforward: social vulnerability is a multidimensional and intersectional latent variable [1,47,48,61]. This reiterates early
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Table 9

People in vulnerable situations are more likely to answer "I don’t know".

Don’t know direct
exposure

Don’t know indirect
exposure

Don’t know flood
worry

Don’t know flood
forecast

Don’t know trust
institution

Don’t know flood
frequency

Don’t know conse-
quences

Don’t know relative
exposure

Exposure

Length of
residence

Age

Gender

Education

Income

Language

Single-parent

Children

Disability

Minority

Tenant

Model

AIC

Pseudo R?

N

binomial
3802
0.106
5000

binomial
5770
0.078
5000

binomial
1146
0.227
5000

binomial
4345
0.059
5000

* |

binomial
1940
0.117
5000

*

Fdkedk

*k

binomial
5774
0.075
5000

binomial
2240
0.043
5000

binomial
5021
0.058
5000

Note: The following symbols represent the respective levels of statistical significance: _ n.s., * 5 %, ** 1 %,

50,1 %.
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Table 10

Information campaigns and perception of hazard exposure.

International Journal of Disaster Risk Reduction 129 (2025) 105789

Right about direct exposure

Right about indirect exposure

Do you remember any event or information campaign on flood risks?

Are you aware of any official information on the risks?

Model
AIC
Pseudo R?
N

binomial
6925
0.004
5000

binomial
6716
0.015
5000

Note: The following symbols represent the respective levels of statistical significance: _ n.s., * 5 %, ** 1 %, *** 0.1 %.

Table 11
Information campaigns, worry and trust.

Worry about flood Trust flood forecast Trust institutional flood information

Exposure o

Campaigns _

Official information _

Model multinomial multinomial binomial
AIC 13647 13962 6794
Pseudo R? 0.038 0.008 0.022

N 5000 5000 5000

Note: The following symbols represent the respective levels of statistical significance: _ n.s., * 5 %, ** 1 %, *** 0.1 %.

Table 12
Information campaigns and flood perception levels.

How often does flooding occur? Floods have severe consequences Relative perceived flood exposure

Exposure i _ i
Campaigns

Official information _

Model multinomial multinomial multinomial
AIC 16064 15112 14129
Pseudo R? 0.053 0.028 0.070

N 5000 5000 5000

Note: The following symbols represent the respective levels of statistical significant: _ n.s., * 5 %, ** 1 %, *** 0.1 %.

Table 13
Information campaigns and "I don’t know" answers.
Don’t know Don’t know Don’t know Don’t know Don’t know Don’t know Don’t know Don’t know
direct indirect flood worry flood forecast  trust institution  flood conse- relative
exposure exposure frequency quences exposure
Exposure * wx _ i _ _ _ _
Campaigns dekk ek %k ek ke ek ek
Information ~ *** _ sk _ ok o e Sden
Model binomial binomial binomial binomial binomial binomial binomial binomial
AIC 3944 5861 1227 4418 1868 5850 2218 4911
Pseudo R? 0.025 0.028 0.084 0.005 0.107 0.029 0.004 0.064
N 5000 5000 5000 5000 5000 5000 5000 5000
Note: The following symbols represent the respective levels of statistical significance: _ n.s., * 5 %, ** 1 %, *** 0.1 %.

critiques from the 1970s that underlying systemic risks and social drivers such as marginalisation must be better represented at the
core of a theoretical risk frameworks [43]. Our empirical results prove that we can reach more robust explanations with more variance
explained when including social vulnerability. Social vulnerability might be a better explanatory component than many common
assumptions — such as risk communication — highlighting the necessity to refine existing theories to explicitly implementing the links
between social vulnerability, risk perception, risk awareness, previous experience and adaptive behaviour. Possible avenues in that
direction would be to try to connect the constructs from the Protective Action Decision Model with those of a social vulnerability model
such as the Hazard-of-Place [89], or integrating social vulnerability or cohesion, place attachment, and community in existing models
of preparedness [62].
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Table 14
Combining the constructs from the three sets of explanations.
Direct flood Indirect Worry about Trust flood Trust flood Flood conse- Relative flood
exposure exposure flood forecast institution frequency quences exposure
Exposure _ — —
Experience * Tk wekk wk ok ek
Flood proof. _ Sk _ dkk ko ek
Indlrect * *hk *kk *% *hk *khk *kk *kk
exper.
Length _ _ Fekk Kk _ Kk Kk Fekek
resid.
Age _ _ _ _ _ o
Gender * ek * k% Kk Fekek
Education Fedkk *kk *¥k *kk _ _ _ Fedkk
Income . - . Kk B Kk _
Language _ _ Kkk _ ek o _ -
Single- _ _ _ _ _ _ _
parent
Children _ _ _ _ _ _ _
Disability _ _ _ _ _ _ _ o
Minority _ * * ok el _ ok
Tenant * _ _ _ _ _ _ o
Campaigns _ ok _ _ ok _
Official info. _ _ _
Model binomial binomial multinomial multinomial binomial multinomial multinomial multinomial
AIC 6886 6493 13032 13681 6515 14513 14450 13268
Pseudo R? 0.030 0.087 0.211 0.116 0.104 0.367 0.189 0.263
N 5000 5000 5000 5000 5000 5000 5000 5000

Note: The following symbols represent the respective levels of statistical significance: _ n.s., * 5 %, ** 1 %, *** 0.1 %.

5.3. Limitations

While we have based our selection of theoretical frameworks on a recent and large meta-analysis [8] and survey among experts
[12], lesser-known theories, or published in other languages than English might exist. It is however important to highlight that the
aforementioned studies do reveal a convergence on a small number of theories — not necessarily related to their demonstrated
explanatory power — and a split by disciplinary perspectives or subareas of knowledge, each leading to theories focusing on different
sets of explanations and/or producing frameworks that are not necessarily compatible. Moreover, whilst projects “frameworks” or
“models” have been suggested, they are not yet in the same category as tested, validated, and recognized theoretical frameworks. For
example, the BuildERS project has introduced a model suggesting to link risk awareness with social capital on the basis of the
intersectional perspective rather than the established theories [60]. This is further illustration that broader theoretical integration
efforts are necessary to tackle the social vulnerability research gap in disaster risk perception.

In the empirical study, we had to limit the comparison of the explanatory power of social vulnerability with the two most common
assumptions (risk information and communication campaigns) and explanations (previous hazard experience). Many more explana-
tions would need to be explored, as suggested by the relatively low level of overall variance explained — even in our benchmark
combining the three sets of explanations, meaning that other explanations might further improve the fit of the models to explain the
answers. Besides, a more comprehensive implementation of social vulnerability would be to explicitly implement it as a latent variable,
but this would require a different modeling approach, rendering the comparison with previous studies and between the statistical
power of the different explanations much more challenging. This should be investigated in future research. In our survey, we had to
limit the questions to concrete topics suited to the local experience of the people in Paris, France, and to the context of river floods.
Given the current social vulnerability research gap, there is a broad need for further empirical studies, exploring other risk perception
questions, case studies, disaster stages, and hazard types.

6. Conclusion

There is a shortage of explicit links between disaster risk perception and social vulnerability, as risk perception theories overlook
social vulnerability as a possible explanatory factor, while social vulnerability frameworks neglect to explicitly address disaster risk
perception. While both fields are well established, they seem shielded from each other by a self-reinforcing feedback loop: empirical
studies might find it difficult to even consider vulnerability as relevant for perception from the current theories, and thus design the
required research instruments, while the fragmented empirical evidence published thus far offers little incentive to explicitly connect
risk perception theories and social vulnerability frameworks. We used a large representative sample from Paris, France (n = 5,000),
after a series of floods to compare the explanatory power of social vulnerability with the two most common explanations of risk
perception, previous hazard experience and risk information. We offer new insights by comparing the explanatory power of these three
possible explanations, both taken individually and combined together. We find that the effects of vulnerability are stronger than those
of risk information and communication campaigns. When taking social vulnerability into account, experience remains a robust
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explanation, and combining the three sets of explanations increases explanatory power, suggesting that social vulnerability brings an
additional level of explanation, more robust than common assumptions about risk information. We conclude that broader theoretical
integration efforts are necessary to foster and consolidate the understanding of the relations between risk perception and social
vulnerability. One implication of our study is that policies aimed at reducing social vulnerability might be more effective than risk
communication campaigns in increasing awareness, preparedness and adaptive behaviour. Future research should systematically
explore the impacts of social vulnerability on risk perception in a variety of case studies, disaster stages, and hazard types.
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