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ARTICLE INFO ABSTRACT
Keywords: Risk perception is one of the major determinants of risk coping and, thus, of risk adaptation to
Risk perception natural hazards, whether resulting from climate change (e.g., sea level rise) or not (e.g., earth-
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quakes). To understand how to increase an individual's risk perception of natural hazards, it is
then crucial to identify the antecedents of risk perception. However, a cross-hazard meta-analysis
of such a state of the art is still lacking. Thus, considering the determinants of risk perception for
natural hazards, the aim was twofold: to identify the effect size of each determinant on risk
perception and to find possible moderators of these relationships. Regarding the first aim, several
antecedents taken from the literature proved to be significant, and they can be classified into
three clusters: 1) factors related to the relationship individual-risk; 2) factors related to the
relationship individual-community; and 3) individual factors (i.e., both sociodemographic and
dispositional factors). The first cluster (i.e., individual-risk factors) showed the highest number of
determinants with significant medium and large effects; then, the second cluster (i.e., individual-
community factors) showed some determinants with significant small and medium effects; finally,
the third cluster (i.e., individual factors) showed determinants having either only small significant
effects (i.e., sociodemographic ones) or a few significant medium and large effects (i.e., dispo-
sitional ones). Regarding moderators, both social norms and the level of risk in the sample's area
exerted significant effects, in some cases. Theoretical and methodological implications include
theoretical advancements for natural hazards risk perception predictors modelling, and future
studies' methodological choices.

1. Introduction

Natural hazards can be very destructive, and lead to devastation, both in terms of human lives loss and enormous economic
damage. This is not specific of our contemporary era and human condition: “It is far from easy to determine whether Nature has proved to
man a kind parent or a merciless stepmother” Pliny the Elder stated in his famous encyclopedia, the Naturalis Historia [1]. Currently,
climate change highlighted, among other things, the importance of human adaptation to natural hazards [2]. According to the Hyogo
Framework for Action adopted in 2005, a hazard is defined as “a potentially damaging physical event, phenomenon or human activity
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that may cause the loss of life or injury, property damage, social and economic disruption or environmental degradation” [3]. Here the
expression “natural hazards” is referred to as hazards caused by natural processes [4].

According to a recent study [5], over the past century, the number of deaths imputable to natural hazards was subjected to a large
decline due to earlier predictions, better preparedness for people and infrastructure, as well as a more coordinated response. In this
scenario, involving people in preparedness and response to such events is becoming more and more crucial, also considering that many
natural hazards are dramatically exacerbated by climate change [6]. Among the determinants of individuals’ action to protect
themselves - both before, during, and after a natural hazard - one important aspect is the perceived risk associated with the event [7,8].
Among the three phases of resilience—preparedness, response, and recovery—preparedness is particularly critical for minimizing
harm to people and property [9], making it the primary target for intervention. Considering the central role of risk perception in
motivating preparedness behaviors toward natural hazards [10], and the importance of such measures in reducing damage and loss of
life [11], it is necessary to focus on risk perception as the keystone of such a resilient adaptive process.

Risky circumstances demand appropriate evaluations to lead to successful protective actions. However, risk assessment by the
population is hardly based on objective risk [7,12]. In fact, what has been found is that the risk as perceived by people is not a mere
probability calculus, and it thus differs from what policymakers may consider [13]. This bias occurs because people are different: Thus,
individual differences, and social and cultural differences too, may determine a variation in how they experience risk [14-20]. Since
individuals infer risks most commonly without referring to statistics, it may also be biased in the way they calculate risks due to
heuristics [19,21]. These aspects urge experts and policymakers to identify possible determinants and sources of bias when referring to
individual risk perception. This contribution aims 1) to meta-analytically estimate effect sizes of different potential antecedents of risk
perception for various natural hazards, and 2) to investigate the effect of possible moderators of such relationships. It consequentially
aims to derive the relevant theoretical and methodological implications from the results too.

1.1. Risk perception

Risk perception is strongly related to the concept of uncertainty, conveying a sense that something of human value (including
human life) is at stake, and the outcome is uncertain [22]. It can be defined as “the subjective assessment of the probability of a
specified type of accident happening and how concerned we are with the consequences” ([13], p. 8). Although this definition is widely
supported in the literature, Kasperson and colleagues [23] - introducing the Social Amplification Risk Framework (SARF) - suggest that
individuals have a broader and more comprehensive conceptualization of risk. Notably, the subjectivity of such assessments, which
leads to numerous biases in risk estimation [21], makes it necessary to investigate what influences such changing perceptions. It is
however difficult to refer to a general theory of risk perception, considering that it is a multidimensional construct based on individual,
social, and cultural aspects [24].

Two classic theories studied what influences risk perception and, subsequently, leads people to protect themselves: these are the
Health Belief Model (Rosenstock, 1974) and the Protection Motivation Theory [25]. On the one hand, Rosenstock's Health Belief Model
refers to two types of beliefs, namely, perceived susceptibility (vulnerability) and perceived seriousness (severity), as individual
perceptions leading to preventive (adaptive) behaviors. On the other hand, the Protection Motivation Theory identifies appraised
severity, expectancy of exposure, and belief in the efficacy of coping responses as the cognitive mediating processes (the fear appeal)
that determine protection motivation to engage to a protective response.

Similarly, subsequent classic conceptualizations refer to two dimensions, namely the “perceived likelihood of an event” and the
“perceived severity of consequences” [13]. Nevertheless, scholars have raised questions on the possible role of emotions in risk
perception and came out with a distinction between cognitive aspects of perceived risk (i.e., “perceived likelihood” and “expected
consequences”) and more affective aspects related to emotions exacerbated by the potential event [26,27]. Regarding the affective
component - drawing from appraisal theory - while it is often considered part of the risk perception process, it is predominantly
conceptualized as a key antecedent of risk perception. This component acts as a mediator, channeling various social-psychological
antecedents (such as uncertainty) into risk perception (see [28,29]). An additional factor named “susceptibility” (also referred to as
“vulnerability” by some scholars) indicates “the likelihood of suffering some consequence given exposure” as opposed to “the like-
lihood of being exposed to the hazard” ([30], p. 136). Overall, risk perception has been studied by a variety of disciplines and, to date,
there is no univocally accepted definition or standardized measure to better define the construct (see [30-33]).

Interestingly, it has been highlighted that there is one aspect, among the specific domains of risk perception, which provides useful
insights into the demand for risk reduction from the population: namely, the “perceived consequences of a hazard” ([34,35]; [13]).
Advocates of this perspective use the following explanatory example: Getting a cold is more probable, but consequences are less
important than getting AIDS; thus, risky intercourses are perceived as deserving more risk management than shaking hands [34,35].
Moreover, it has been argued that probability is a concept closer to experts' risk forecast than lay citizens, and thus, more difficult to
process by these latter [34]. In line with this reasoning, it seems that the severity of consequences, more than the probability of harm,
affects the individual's motivation to protect oneself during the COVID-19 pandemic [36].

By comparing thirty risky events, Slovic and colleagues [37] pointed out that for lay people, and even more for experts, the
perception of risk is comparable to the perception of the harmful consequences of the risk itself. Similarly, Bohm and Pfister [38]
argued that the consequences attributed to risk are crucial in risk assessment, emphasizing the centrality given to the risk consequences
in defining risk: “One aspect is the evaluation of potential consequences [...] This aspect corresponds to what is usually referred to as
risk perception” ([38]; p. 462). Lindell and Perry [39] also reported that risk assessment can be related to the impacts that a natural
event might cause. Empirically, Walpole and Wilson [30] demonstrated that this aspect of risk perception significantly explains the
variance of the general measure more than other components (namely, affect, exposure probability, and susceptibility). All in all,
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scholars generally agree that the likelihood of experiencing negative consequences is at the core of risk perception ([40]; [41]; [10]).

1.2. Research on the antecedents of risk perception across different natural hazards

Previous attempts to synthesize the literature on the role of the antecedents of risk perception regarding different natural hazards
are limited. Available reviews on the topic often referred to broad reviews focused on various hazards (e.g., hazards in general, non-
technological hazards; [19,42]) while other reviews addressed only a specific type of natural hazard, such as floods [31,43], mountain
hazards [32], and earthquakes [44], neglecting others. The only review available on the antecedents of risk perception specifically
addressing different types of natural hazards focused only on European research; thus, findings may be somewhat limited in their
generalizability [10]. Moreover, almost all the above mentioned reviews neglect most of the psychological constructs traditionally
investigated in relation to risk perception (e.g., personal dispositions, place attachment and identity, norms and values, self-efficacy).

From a more environmental psychology perspective, Bonaiuto and Ariccio [45] made a conceptual effort to systematize the an-
tecedents of protective and coping behavior in the face of natural hazards, of which risk perception may be considered a direct
predictor. They focused on resilient behavior before (preparedness), during (response), and after (recovery) the natural hazard event.
In particular, these authors conceived three clusters of antecedents: 1) factors concerning the relationship between the individual and
the risk, namely how the individual relates with the risk in their area of living (e.g., objective and subjective knowledge, and prior
experience of the hazard); 2) factors concerning the relationship between the individual and the community, namely how the indi-
vidual relate to the place and the community in which they live (e.g., sense of community, place attachment, social norms, social
identity, and trust in authorities); and 3) individual factors, which are less likely to be modified, namely, a) sociodemographic (e.g.,
educational qualification, home ownership, residential tenure, having or not children, household size) and b) dispositional factors (e.
g., self-efficacy and fatalism).

Regarding the first cluster, namely factors concerning the relationship between the individual and the risk, one of the most
important antecedent identified in the literature of natural hazards such as floods, earthquakes, and mountain hazards is prior
experience [10,19,31,32,44]. In particular, Wachinger et al. [10] showed that on one hand some studies reported positive effects on
risk perception, highlighting how having experienced the event enhanced the perceived probability of its occurrence, thus increasing
risk perception. On the other hand, others found negative effects, suggesting that having experienced the natural event, and having
coped with it, gave the illusion that future similar events could be simpler to overcome. Thus, the authors hypothesized that the
severity of prior experience, namely the extent of the perceived negative impacts of the event, rather than experience itself, is what
heightens risk perception [10]. The literature found as another important antecedent of risk perception knowledge regarding the
natural hazard and objective risk, specifically in the context of climate change perception [19,46,47], floods [43], and earthquakes
[44]. Another important antecedent found in research on floods is worry [43]. Lastly, minor factors are preparedness [31,43,44],
perceived likelihood and perceived magnitude of the event [10].

Regarding the second cluster, namely factors concerning the relationship between the individual and the community, one of the
most important antecedents identified in the literature is trust in authorities ([10,31,32,43]; see also [19]). Wachinger et al. [10]
report highlighted how some studies showed a negative effect, presumably because people with high trust are relieved from the burden
of responsibility of taking action to protect themselves and see future natural events as less probable and less severe. At the same time,
however, a certain level of trust is expected, in order to follow advice from authorities under risky situations, leaving the question open
with respect to the role of this variable in risk perception. Other minor factors found in this cluster are media coverage and trust in the
source of information [10].

Table 1
Summary of the antecedents and open questions identified in available literature reviews.

Importance suggested by the literature

Antecedents

Primary Secondary No influence Open questions

Factors concerning the relationship
between the individual and the

— prior experience [10,
19,31,32,44]

— preparedness [31,43,44]
— perceived likelihood and

— direction of the effects of prior
experience [10,44]

risk — knowledge and perceived magnitude of the
objective risk [19,43, event [10]
44]
— worry [43]

Factors concerning the relationship
between the individual and the

community
Individual Sociodemographic
factors factors

Dispositional factors

— trust in authorities
([10,31,32,43]; see also
[19D

— gender [43]

— worldviews and
values orientation [10,
19]

— optimistic bias [19,
44]

— media coverage [10]

— trust in the source of
information [10]

— gender [19]

— age and education [43]

— personality traits [19]

— gender, age,
education, and
income [19]

— income [43]

— the direction of the effects of
trust in authorities [10]

— strength of the effects of
sociodemographic variables [10,
19,32]
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Regarding the third cluster, namely individual factors, and in particular sociodemographic factors such as gender, age, income, and
education, they resulted only modestly associated with risk perception ([19]; see also [48]). Only in the review by Lechowska [43] on
floods, gender emerges as a primary influencing factor among other sociodemographic antecedents resulted only weekly, or not at all
associated with risk perception. Results are inconsistent with respect to variables such as gender, age, education, and income in the
context of mountain hazards, earthquakes, and natural hazards in general [10,32,44]. Regarding dispositional factors, biospheric and
altruistic values have been found as antecedents of climate change risk perception, while personality traits seem to be only weakly
associated or to not be associated at all with risk perception of natural hazards [19,49]. Other dispositional factors identified are
optimistic bias [19,44], and worldviews [10].

A summary of the antecedents and open questions identified in available literature reviews are reported in Table 1. All in all, the
studies that examined the antecedents of risk perception in natural hazards are limited; and, so far, they produced inconsistent findings
[10,19,32,44]. Accordingly, from a theoretical perspective, we observe a paucity of theories interested in what contributes to shaping
risk perceptions in relation to natural hazards through the systematic identification of specific antecedents of risk perception. In fact,
the only attempts found are some theorizations proposing a general rationale for how risk perceptions are created, such as the Cultural
Theory of Risk [50], the Social Amplification of Risk Framework [23], and later conceptualization of the Protection Motivation Theory
(see [51]), in which some theorizations has been proposed but remained mostly unexplained [52]. This is consistent with 1) the
heterogeneous picture of this field of research made by previous scholars, with little agreement on basic theoretical issues [32,42]; 2)
theoretical gaps identified across research regarding different hazards, such as floods, mountain hazards, and earthquakes (see [31,32,
43,441); as well as 3) the inconsistent findings regarding various antecedents investigated so far (e.g., prior experience, trust in au-
thorities, sociodemographic variables).

1.3. The need for a meta-analysis on natural hazards’ risk perception determinants

Building on classic theories of risk and behavior [23,25,39,50,51,53] and various literature syntheses on the topic (e.g., [8,10,19,
32]) listed above, it can be hypothesized that a heterogeneous range of specific variables - such as worldviews, self-efficacy, coping
appraisal, prior experience, communication, social norms, as well as moral and value-based considerations, and emotional responses -
play a primary role in influencing risk perception. However, no previous attempts in quantitatively synthesizing the available liter-
ature — specifically focused on risk perception of a variety of natural hazards with a broad focus on both international and grey
literature — were found. As testified by previous attempts at synthesizing the literature on the subject, it is necessary to investigate
common factors that drive the risk perception of various natural hazards [10,19,42,45] and concurrently capture differences between
specific natural hazards (e.g., [8,54]). Moreover, we extend the study of risk perception to risk related to climate change. This is based
on the similarities found in the literature concerning natural hazard risk and climate change risk in the investigation of similar an-
tecedents [19]. In fact, the manifestation of climate change appears mainly through either slow-onset or fast-onset natural events, e.g.,
heatwaves, droughts, floods, sea-level rise [55].

Lastly, despite risk perception of natural hazards being an important factor in risk management, as studied by a variety of disci-
plines [56], important questions are yet to be answered, such as: the direction of the effects of previous experience and trust in au-
thorities as highlighted by Wachinger et al. [10]; the strength of the effects of sociodemographic variables [10,19,32]; and the effects
of variables for which inconsistent findings were found across reviews and/or for which a quantitative synthesis is not available, e.g.,
values, social norms, self-efficacy, personality traits, and place attachment [45].

To draw conclusions and fill the gap regarding the direction and strength of the effects of antecedent variables across the available
studies, and to find specific conditions that can alter these effects (i.e., moderators), a meta-analysis approach is needed. According to
the psychometric paradigm, which aims at studying perceived risk perception through questionnaires and quantitative analysis [57,
58], the main focus of this contribution is to present methods and results of different meta-analyses on the antecedents of risk
perception in the context of natural hazards. Findings will then be discussed considering the available literature and theory, and they
will be used as a significant starting point for delineating a wider theoretical model, for suggesting improvements in future research,
and for offering practical implications through a data-driven approach. According to Grounded Theory (Glaser & Strauss, 1967), in
reviews and meta-analyses, such an approach supports the iterative generation of categories and hypotheses as new empirical studies
are incorporated, allowing researchers to predict patterns of similarity or divergence across findings. By prioritizing theory devel-
opment grounded in data rather than formulating predefined assumptions, this approach may be especially valuable in addressing
inconsistencies observed in the literature of risk perception.

More specifically, the aim of this work is twofold: 1) to estimate effect sizes of different potential antecedents of risk perception in
the domain of natural hazards, providing a quantitative summary of the available research [59]; 2) to investigate the effect of possible
moderators of such relationships. In particular, the conceptualization made by Bonaiuto and Ariccio [45] is taken as a starting point, as
it takes a specific focus on environmental psychology variables, especially regarding variables related to the ecological and social
context, and individual differences. Regarding the first aim, following Bonaiuto and Ariccio's [45] framework and based on the
findings of the available research syntheses reviewed above, we expect to establish the direction of the effects of previous experience
and trust in authorities, to find the strength of the effects of sociodemographic variables, as well as to identify the most important
predictors of risk perception.

Regarding the second aim, following van Valkengoed and Steg [8], we examine the role of the measurement of previous experience,
i.e., absence/presence of experience of the event and the frequency of the experience (e.g., number of experienced events), the possible
difference between subjective and objective knowledge, and injunctive and descriptive norms, expecting no differences. Since dif-
ferential effects regarding the type of natural hazard considered, as well as gender, age, and education were not contemplated by
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previous literature, we investigate the role of these moderators too. Lastly, we collect data on methodological differences between
studies that may potentially affect the results too: namely, the employment of a case study, rural or urban sample, the level of risk in the
area where the sample was engaged, type of risk measured (health, economic), and risk attribution measured (to self/others). Grey
literature is included, and the potential differences in results with published research are assessed.

2. Method

The methodology adopted for the meta-analyses followed the Preferred Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) statement [59,60]. On thirty-five possible antecedents detected, after preliminary analyses, thirty-two meta-analyses are
conducted in total (for more information on the selection of variables for the meta-analyses, see below the paragraph “3.1 Preliminary
Analysis: Normality of Distribution™).

2.1. Literature search

The literature search is aimed at identifying the studies that focused on the antecedents of risk perception in the domain of natural
hazards. To build the query string, the focus is on defining the research topic (e.g., natural hazards), defining the dependent variable (i.
e., risk perception), and providing keywords for a set of independent variables identified in the literature. Regarding this latter point,
such an approach serves to broaden and better direct the search; however, it is also possible to consider additional independent
variables from the resulting records that are not originally included in the query string. In this way, an attempt is made to include as
much as independent variables as possible.

In order to define which natural hazards have to be considered, by following the United Nations definitions [6,61] the search
includes: 1) geological or geophysical hazards, originating from internal earth processes (e.g., earthquakes, volcanic activity, land-
slides; [6]); 2) hydro meteorological hazards, of atmospheric, hydrological, or oceanographic origin (e.g., cyclones, floods; [6]); 3)
natural hazards considered as effects of climate change (e.g., sea level rise, loss of biodiversity; [61]).

In order to better define the dependent variable and all possible independent variables by using pertinent keywords, one available
review on the antecedents of risk perception of various natural hazards [10], another review on the determinants of risk perception
limited to floods [43], and a more recent review which comprises risk perception in different domains, also outside natural hazards
[19], are consulted. A more general search on the strings used in the literature on similar topics is also conducted (e.g., [8]). The query

( \ i .
& Records identified through database searching
'é (total n = 3,926)
fé Scopus: 1,977
é Web of Science: 1,442
- PsycInfo: 507
!
( ) !
Records screened by subject area
(n=3,219) Records excluded (rn = 707)
¢ Reasons:
Records screened by document type - Physical Sciences
op =
E (n=3,119) - Computer Science
;5? ¢ - Mathematics
9 .
@ Records screened by language: ~Funisities
English (n = 3,044) - Pharmacology
¢ - Veterinary and Zoology
Records after duplicates removed
(n=2,572) Records excluded (r = 100)
¢ Reasons:
Reports assessed for cligibility by title, - Review (99)
abstract, and keywords
- Note (1)
(n=2806)

v

Studies included in quantitative synthesis
(meta-analysis) after reading the full text

(n =121, studies n = 127)

[Included] [ Eligibility ] [

Fig. 1. Flow diagram, drawn up according to the PRISMA statement, graphically presenting details of the literature search and the number of
records screened, assessed, and included.
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string (Table S1) is then composed of keywords organized into three interdependent levels: 1) keywords that define the research topic
(i.e., natural hazards); 2). Keywords that define the dependent variable (i.e., perceived risk); 3) keywords that define a set of inde-
pendent variables retrieved from the available literature (e.g., knowledge, trust in authorities, age).

The bibliographic search was carried out through three of the most important databases for the psychological literature, namely,
Scopus, Web of Science, and PsycINFO, on June 13th, 2023. The search results in a total of 3926 records (in detail: Scopus: 1977; Web
of Science: 1442; PsycInfo: 507).

2.2. Inclusion and exclusion criteria

The initial pool of records identified by the query string is screened through automatic search tools, provided by the databases
Scopus and Web of Science, by: 1) subject area, mostly excluding disciplines that do not involve studies on human participants (e.g.,
physical sciences, veterinary) and risk perception of natural hazards (i.e., pharmacology); 2) document type, excluding records which
do not present data (i.e., reviews and notes); 3) language, excluding records not written in English. After this preliminary screening,
duplicates are also excluded using the platform EndNote [62]. At this point, three researchers (AT, AM, MX) independently reviewed a
total of 2572 records by title, abstract, and keywords, resulting in 806 selected records. Then, three researchers (AT, AM, FD), after
having filtered further and independently the records by full text, arrived at the final number of 121 records selected (127 studies).
Search queries are presented in Table S1. In Fig. 1, a flow diagram describing the selection process of the articles is presented.

Inclusion criteria consider full texts located online and accessible in scientific databases. Non-accessible full texts are personally
asked to the corresponding author(s). In particular, 9 full texts are received out of 27 requested (response rate: 33.33%). Included
studies have also to present quantitative analysis and, specifically, to investigate the association between a certain antecedent of risk
perception (i.e., a specific predictor) and the risk perception measurement (i.e., the dependent variable). Moreover, to be included,
they have to report specific statistical coefficients (i.e., effect sizes) to express the association between an independent variable and the
dependent variable (e.g., Pearson's r, standardized correlation coefficients, Odds Ratio). When the considered effect sizes are corre-
lations, if theoretical reasons apply, variables are considered as antecedents of risk perception, also in cases in which the original study
does not view them as such.

Corresponding authors are contacted to request specific statistics when studies present appropriate data without providing the
necessary coefficients. In particular, since standardized coefficients from regression models with multiple predictors differ from
correlations, especially when there are high correlations among them, caution should be taken when including such regression co-
efficients in meta-analyses [63]. For this reason, in such cases, authors are directly contacted to request Pearson's r coefficients to avoid
using coefficients from multiple regression analysis as much as possible. In total, in 172 cases, authors were personally contacted, and
25 provided the requested statistics (response rate: 14.53%), therefore only these are included if other statistics were not available (e.
g., standardized regression coefficients). For longitudinal studies, associations between variables measured at baseline (first data
collection before the intervention) are considered. For experimental studies, only those presenting associations between variables
measured in the control group are included.

2.2.1. Inclusion and exclusion strategy regarding the definitions of risk perception

The intent of this work is to give back a general overview of the antecedents of risk perception investigated in the literature.
According to that principle, in the definition of risk perception, the query string is built to be as general as possible to include the
largest number of studies. In filtering the records to be included, though, researchers have been forced to make a reflection on the
studies to be included based on the risk perception measurement. The initial pool of records comprised studies that used very different,
and mostly mixed, measures of risk perception (e.g., several unidimensional scores that comprised different combinations of the
construct's aspects). This is in line with what has been found by previous research (e.g., [30-33,43]). Moreover, the remaining studies
used very different conceptualizations of risk perception, often measuring one or two aspects of risk perception (e.g., likelihood and
severity, negative emotions alone). Retaining all these studies would have led to a high risk of comparing different constructs. This
urged us to identify a simpler measure that would, however, capture the core of risk perception definition and efficiently synthesize the
literature on the subject.

Thus, during the full-text selection phase, a procedure that retained studies measuring risk perception using a general holistic
measure is employed. This involves directly inquiring about the perceived risk associated with the specific hazard (e.g., How risky is X?;
[331). This decision is in line with the results by Wilson and colleagues [33], who investigated how risk perception is operationalized in
the literature, and found that the general measure of risk perception is used in the highest percentage of studies, i.e., 40%.

Since selecting only these studies would have meant excluding more than half of the records, measures focused on the expected
consequences of the natural hazard have been included too. The expected consequences are considered for three reasons. First, this
aspect of perceived risk is found to significantly explain the variance of the general measure (.29, p < 0.001) more than the other three
dimensions of risk perception, namely affect (.09, ns.), exposure probability (.10, p < 0.05), and susceptibility (.10, ns) in the context of
natural hazards [30]. This is in line with what has been found in prominent theories of risk perception, namely that the perceived
consequences of the hazard are at the core of risk perception and are considered the component that drives risk perceptions more than
the other components ([38,39]; [34,35]; [37]). Second, in the selected studies, this is the most recurrent measure, common to most
studies, allowing us to include the maximal quantity of studies and to run the largest number of meta-analyses. Third, it has been
argued that it is precisely this aspect of risk perception that motivates the most in adopting protection measures by lay citizens, and
thus, the one that provides useful insights for risk reduction [13].

Few studies considered risk components (e.g., perceived likelihood) as predictors of holistic and/or consequence-related risk
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measures [30,64]. Given that our analyses were based on Pearson's correlations (no causality), these variables were included and
treated as independent variables to investigate their relationship with the outcome variable.

2.3. Data analysis strategy

Effect sizes are grouped, and meta-analyses are conducted if a minimum of five studies is achieved [65]. To establish if a certain
study would qualify to describe the relationship between a certain independent variable and risk perception, items and response scales
of the independent variable are also examined. If the items do not match the specific independent variable of interest (e.g., items asking
about self-efficacy associated with a variable labeled “social vulnerability”), the study is excluded from that specific meta-analysis (e.
g., vulnerability and risk perception) and, possibly, collocated in a different one (e.g., self-efficacy and risk perception).

In some cases, multiple effect sizes are collected for each sample between a specific antecedent and the dependent variable risk
perception. This happens when, for instance, multiple risk perceptions are measured in the same study (e.g., the relationship between
the same antecedent, self-efficacy, and personal and global risk perceptions). Including both correlations separately would have
violated the standard meta-analytical assumption of independent data. Since the recent literature on meta-analysis suggests that
dependent effect sizes can be managed with multi-level modeling (e.g., [66]), multi-level meta-analyses were conducted. Whenever
effect sizes are coming from studies that used reverse-coded items (e.g., response inefficacy) as compared to other studies (e.g.,
response efficacy), the effect is reversed (i.e., from negative to positive or vice versa) in order to include the study together with the
other ones.

All the collected effect sizes are transformed into Pearson's r before conducting each meta-analysis. Spearman's rho (p;) is converted
using the formula by Rupinski and Dunlap [67]. Standardized coefficients () are transformed in Pearson's r using the formula by
Peterson and Brown [68]. Lastly, odds ratio (OR) and log odds ratio (Log) are converted using the formulae of Sanchez-Meca et al. [69].
Finally, a transformation (and back transformation) to Fisher's z (r;) (and back to Pearson's r) is applied to correlation coefficients to
stabilize the variance. To do so, it is used respectively the Fisher's z formula [70] and the inverse of the Fisher's z formula. Analyses are
performed using the “metafor” package ([71]; v.4.4.0) for RStudio (v.4.3.3). In total, thirty-five possible predictors (i.e., Altruistic
Values, Biospheric Values, Children, Climate Change Awareness, Conservative, Education, Egoistic Values, Event Perceived Likeli-
hood, Expected Response Efficacy, Fatalism, Woman, Home Ownership, Household Size, Income, Knowledge, Married, Media Use,
Negative Emotions, Objective Risk, Place Attachment, Preparedness, Prior Experience, Prior Experience Severity, Pro-Environmental
Orientation [this variable was measured in all studies with the New Environmental Paradigm [72] scale], Psychological Distance,
Religiosity, Residential Tenure, Self-efficacy in Response, Sense of Community, Social Norms, Social Support, Trust in Authorities,
Trust in Community, Vulnerability) are identified.

Moreover, fourteen variables (i.e., Attribution of Responsibility, Big Five Personality Traits, Community Participation, Connect-
edness with Nature, Employment, Environmental Attitudes, Frequency of Information Exchange in the Social Network, Future
Migration Probability, Locus of Control, Perceived Behavioral Control, Risk Salience, Risk Seeking, Rural or Urban Residential
Location, Worldviews) are omitted because they do not reach the minimum of five studies required for conducting a meta-analysis.
Table S2 lists all included and excluded variables, reporting merged/modified variable names, original variable names, conceptual
definitions, and the respective number of records. Fig. 2 shows the number of studies for each variable, listed in order of magnitude,
from the least to the most represented.

2.4. Heterogeneity analysis

Heterogeneity among studies is assessed using different statistics, namely Cochran's Q, o2, and I2. Cochran's Q is a test that provides
statistical significance of observed heterogeneity following a chi-square distribution [73]. This test is dependent on the number of
studies; thus, it could not be employed to compare different meta-analyses [73]. Moreover, when the number of studies is low, this
statistic may not have adequate power [70]. In addition, heterogeneity was partitioned into between- and within-study components,
with separate estimates of 6> (level-specific variance) and I? (level-specific percentage of total variation) provided for each level. This
allowed us to disentangle the sources of heterogeneity and better understand whether variability arose primarily across or within
studies [66,74].

2.5. Variables merge

Variables coming from different studies have been merged, with the aim to collect as many predictors of risk perception as possible.
In several cases, variables exhibit a similar meaning (especially when looking at the specific items and instruments used) although they
had been named differently. Thus, these variables are grouped (or considered as dependent effect sizes, in the case of more variables
coming from the same study) considering the similar shared meaning. This practice increased the accuracy of the meta-analyses. More
information about the merged variables is reported in Table S2.
3. Results

3.1. Preliminary Analysis: Normality of Distribution

Complete lists of the final studies included and of the classification of studies for each antecedent are presented in Tables S3 and 54,
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respectively. Before conducting each meta-analysis, the normality of the distribution of the effect sizes for each predictor variable is
assessed. Values of skewness and kurtosis between —2 and +2 are considered acceptable. Table S5 presents the values of skewness and
kurtosis for each identified predictor. Regarding three predictors, skewness and kurtosis show a non-normality distribution of effects,
namely Age, Education, and Income. Values remain unacceptable also after removing outliers (See Paragraph S1 “Ancillary Analyses:
Detection of Outliers” in the Supplementary Materials for an in-depth discussion of the detection of outliers). Thus, a violation of the
assumption of normality of the distribution of the effect sizes for the meta-analysis is detected [75] and these three variables are
omitted from further analysis.

3.2. Main results

Results are presented according to the two aims, namely: 1) to estimate effect sizes of different potential antecedents of risk
perception in the domain of natural hazards (Effect Sizes Analysis); and 2) to investigate the effect of possible moderators of such
relationships (Moderation Analysis).

3.2.1. Aim 1: Effect Sizes Analysis

Overall, 127 studies (121 records) are considered. Results of the multi-level meta-analyses for each antecedent are shown in Table 2
and are ordered by resulted effect size. Fig. 3 shows a graphical representation of the effects ordered by size. Specifically, Fig. 3 was
generated in R (v. 4.3.3) using the ggplot2 package. Two datasets are used: one containing the pooled meta-analytic estimates for each
antecedent and their confidence intervals, and a second containing the individual effect sizes extracted from the primary studies. The
figure is created by first plotting the pooled correlation coefficients (r) for each antecedent as point estimates and subsequently adding
the corresponding 95% confidence intervals as error bars. Individual study effect sizes are then overlaid on the same graph as grey
points. Point sizes are finally scaled to the sample size of the corresponding study to visually distinguish between larger and smaller
samples.

As can be seen in Table 2, the effects of ten variables do not result significant, namely those of Social Support, Psychological
Distance, Place Attachment, Children, Sense of Community, Religiosity, Married, Residential Tenure, Self-efficacy in Response, and

Table 2
Results of the multi-level meta-analyses showing estimated effects for each antecedent of risk perception. Variables are sorted by effect size ascending
order, from negative to positive effect.

Variable r 95% CI k m n Q o (L2, L3) P (12,13 p
Social Support —0.18 —0.40-0.07 5 5 4961 226.05 NA, 0.04 NA, 48.76 .158
Conservative -0.16 —0.26 to —0.06 15 17 13404 593.50 0.002, 0.04 5.58, 90.66 .002
Psychological Distance -0.15 —0.53-0.27 5 12 1240 574.85 0.05, 0.21 19.03, 79.37 .482
Place Attachment —0.11 —0.39-0.20 7 7 3858 180.07 NA, 0.08 NA, 49.03 498
Children —0.09 —0.23-0.06 7 8 4674 117.32 0.00, 0.04 0.00, 95.18 .258
Fatalism -0.07 —0.15-0.005 5 5 3260 15.69 NA, 0.003 NA, 37.15 .069
Sense of Community —0.05 —0.20-0.11 6 6 2821 59.80 NA, 0.02 NA, 45.45 .551
Religiosity —0.03 —0.14-0.08 9 10 34549 436.42 0.00, 0.03 0.00, 95.86 .543
Married —-0.01 —-0.12-0.10 5 5 2258 20.19 NA, 0.006 NA, 37.85 .877
Residential Tenure 0.002 —0.06-0.06 14 18 8193 107.65 0.001, 0.01 7.34, 69.93 943
Self-efficacy in Response 0.05 —0.11-0.20 14 14 9364 679.04 NA, 0.04 NA, 48.07 541
Household Size 0.06 0.01-0.10 8 8 5053 12.41 NA, 0.00 NA, 15.63 .012
Home Ownership 0.08 —0.01-0.16 8 8 3272 38.79 NA, 0.006 NA, 38.90 .074
Trust in Community 0.09 —0.07-0.24 6 8 3894 159.16 0.001, 0.04 3.25,91.24 291
Woman 0.09 0.05-0.13 54 56 64943 893.61 0.01, 0.01 28.27, 58.77 <.0001
Objective Risk 0.1 0.02-0.17 12 14 6117 162.19 0.001, 0.02 7.11,79.78 .012
Media Use 0.12 0.01-0.22 8 15 31878 193.41 0.001, 0.02 4.23, 87.81 .03
Egoistic Values 0.16 0.08-0.24 7 7 4280 45.58 NA, 0.005 NA, 41.70 .0001
Prior Experience 0.16 0.09-0.24 32 35 22459 921.35 0.05, 0.00 94.73, 0.00 <.0001
Prior Experience Severity 0.17 0.07-0.27 10 12 8268 75.89 0.00, 0.03 0.00, 90.51 .001
Preparedness 0.18 0.12-0.24 16 20 9870 212.58 0.00, 0.01 0.00, 82.05 <.0001
Knowledge 0.19 0.14-0.24 33 47 24012 1627.22 0.03, 0.00 93.53, 0.00 <.0001
Trust in Authorities 0.20 0.03-0.36 14 19 13885 1444.39 0.00, 0.11 0.00, 98.73 .019
Vulnerability 0.22 0.13-0.31 6 6 5684 78.46 NA, 0.006 NA, 42.13 <.0001
Expected Response Efficacy 0.30 0.05-0.51 7 7 4359 402.59 NA, 0.06 NA, 48.20 .02
Event Perceived Likelihood 0.36 0.12-0.55 10 10 5510 1222.12 NA, 0.08 NA, 48.86 .004
Social Norms 0.36 0.25-0.45 13 16 10897 618.30 0.02, 0.02 50.45, 45.59 <.0001
Altruistic Values 0.40 0.32-0.47 7 7 4280 50.35 NA, 0.006 NA, 42.65 <.0001
Negative Emotions 0.46 0.37-0.54 27 32 27722 2025.45 0.002, 0.08 1.95, 95.12 <.0001
Biospheric Values 0.48 0.39-0.56 7 7 4280 80.76 NA, 0.009 NA, 44.74 <.0001
Climate Change Awareness 0.50 0.32-0.65 14 16 12236 2279.12 0.03, 0.15 14.11, 84.30 <.0001
Pro-Environmental Orientation 0.53 0.32-0.69 5 5 2661 85.77 NA, 0.04 NA, 47.77 <.0001

Note. K = number of studies included in the meta-analysis; m = number of effect sizes included in the meta-analysis; n = total number of participants
across all the studies included in each meta-analysis; Q = total heterogeneity observed in the analysis; o (12,L3) = estimated variance at Level 2
(within studies) and Level 3 (between studies); P (L2,L3) = proportion of heterogeneity at Level 2 and Level 3.
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Fig. 3. Graphical representation of mean estimated effects for the antecedents of risk perception

Note. Red diamonds indicate negative meta-analytical effect sizes (r) for each specific variable. Green diamonds indicate positive meta-analytical
effect sizes (r) for each specific variable. Error bars represent 95% confidence intervals (CI). The red line indicates the zero. Confidence intervals
that include the zero (error bars that cross the red line) indicate non-significant effect sizes (i.e., Social Support, Psychological Distance, Place
Attachment, Children, Fatalism, Sense of Community, Religiosity, Married, Residential Tenure, Self-efficacy in Response, Home Ownership, and
Trust in Community). Variables names marked with an asterisk indicate significant effect sizes for that antecedent. Each grey circle represents the
single effect size observed in each individual study included in each meta-analysis, while the size of each circle represents the sample size of the
respective study.

Trust in Community. The effects of two variables, namely Fatalism (negative effect) and Home Ownership (positive effect), show a
tendency to significance. Significant mean correlation effect sizes are then interpreted following the recommendations from Lovakov &
Agadullina [76]: r = .12 represents a small, r = .24 a medium, and r = .41 a large effect. Twelve variables result in small effect sizes,
namely, Conservative, Household size, Woman, Objective Risk, Media Use, Egoistic Values, Prior Experience, Prior Experience
Severity, Preparedness, Knowledge, Trust in Authorities, and Vulnerability. Four variables show medium effect sizes, namely Expected
Response Efficacy, Social Norms, Event Perceived Likelihood, and Altruistic Values. Lastly, four variables show large effect sizes,
namely Negative Emotions, Biospheric Values, Climate Change Awareness, and Pro-Environmental Orientation.

Fig. 4 presents, for each antecedent, the number of studies that assess risk perception for each type of natural hazard. This figure is
manually constructed from a contingency table reporting the frequency of studies for each combination of antecedent and natural
hazard type. Frequencies are first tabulated from the study database and then arranged in a matrix, with antecedents represented by
rows and hazard categories by columns.

Overall, in the included studies, perceived risk is assessed regarding twelve natural hazards and multi-risk hazards. Fig. 4 shows
how the literature on the topic focuses mainly on some specific natural hazards, while others are underrepresented. Specifically, the
risk perception of earthquakes, floods, cyclones, and climate change seems overrepresented; while on the other hand, other natural
hazards, such as landslides, drought, heat waves, or biodiversity loss turn out to be poorly investigated when not totally overlooked in
the literature.

3.2.1.1. Publication bias. Publication bias occurs whenever published research is systematically unrepresentative of the population of
studies done on a specific topic [77]. This may take place due to the tendency to publish statistically significant results more than
non-significant ones, leading to biased meta-analyses and inflated estimates [78]. To evaluate the presence of publication bias, the
Egger's regression test of funnel plot asymmetry [79,80] is considered. See Table S6 for the analysis results for the assessment of
publication bias.

As can be seen in Table S6, the Egger's regression test is significant for seven predictors, namely Conservative, Fatalism, Trust in
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Fig. 4. Contingency table showing the frequencies of the type of risk assessed per antecedent considered

Note. The column “Cyclone” includes hurricanes, tornadoes, and typhoons. The columns of other three expected types of natural hazards (namely,
storm, thunder lightning, and ocean acidification) were removed since no studies were found for them. Studies in the column “Climate change”
investigated more than one natural hazard considered as an effect of climate change or climate change in general. The red color highlights zero
studies in that specific variable for that specific natural hazard. The yellow color emphasizes one to four studies in that specific variable for that
specific natural hazard. The green color indicates at least five studies in that specific variable for that specific natural hazard. The green color also
shows that an adequate number of studies are available to conduct a specific meta-analysis in that specific variable for that specific natural hazard.

Community, Prior Experience Severity, Preparedness, Knowledge, and Pro-Environmental Orientation. All in all, there is small evi-
dence that publication bias affects the effect sizes resulting from the analyses.

3.2.2. Aim 2: moderation analysis

Moderation analyses are generally conducted in meta-analyses to interpret heterogeneity across studies [81]. In our case, the
results of most of the conducted meta-analyses showed considerable heterogeneity among effect sizes reported by each included in-
dividual study (see Table 2, indices P, Q, and ¢%). To detect possible sources of heterogeneity, different moderator variables are
hypothesized.

Such moderators have been picked up because they vary across the included studies and/or because they do not reach the threshold
to be included as predictors (k > 5) and/or because they represent inter-study methodological differences theoretically bearing po-
tential effects. Some moderators are considered across all variables, while others are hypothesized only for specific variables.

Specifically, the moderators hypothesized for all the variables are: case study (n/y); type of natural hazard (Climate change/Other);
rural/urban sample; low/high risk area sample; age; gender.

Moderators hypothesized for specific variables are: residential tenure referring to Area/Home (variable: Residential tenure);
measurement referring to having or not experienced/Frequency of experience of a specific natural hazard (variable: Prior Experience);
type of knowledge (i.e., Objective knowledge/Subjective knowledge; variable: Knowledge); type of social norms (i.e., Descriptive/
Injunctive; variable: Social norms).

Hypothesized moderators are tested only on significant effect-size meta-analyses. However, despite the hypotheses, in practice it is
not always possible to test the identified moderators since not for every antecedent variable the minimum number of studies required
for moderation analyses is reached. Indeed, studies reporting information on the moderator variables need to be a minimum of 6
studies for each continuous moderator (in our case, Age), and a minimum of 4 studies for each level of a categorical moderator [82].
Some moderators are never tested since they never reach the above-mentioned thresholds: grey literature (n/y); type of risk (health,
economic); risk attribution (to self/others); education.

Considering the moderator “type of natural hazard”, the choice of categories was forced by the number of studies for each
moderator category. In fact, regarding the moderator “Type of natural hazard”, the categories “Climate change” and “Other” were
developed, as the natural hazard “climate change” is overrepresented compared to the other natural hazards (none of which reached
such a large number of studies to be considered as a category itself). For climate change, all those phenomena related to climate change
that are not strictly related to specific natural hazards are considered. In the studies analyzed, risk perception indeed referred simply to
climate change as a phenomenon in its own right. Moderation analyses hypothesized for all variables are reported in Table S7, while
those hypothesized for specific variables are reported in Table 3.
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The Risk area of the sample is significant in two cases (see Table S7). First, it moderates the effect of Woman: Indeed, it seems that
when the Risk area is high, there is no difference between women and men, while when the Risk is low, women perceive more risk.
Moreover, the Risk area of the sample moderates the effect of Negative Emotions: in low and high Risk areas, Negative Emotions
positively predict Risk Perception, with a largest effect for the former area. Regarding specific moderators (see Table 3), it resulted that
the Measurement of prior experience (Having experience/Frequency of the experience) does not matter in predicting Risk Perception,
while both Descriptive and Injunctive Social Norms have a positive effect on Risk Perception, with the latter demonstrating a larger
effect. There is no difference in Objective and Subjective Knowledge in predicting Risk Perception. Lastly, no effects were found for the
moderators: Case study, Rural/urban sample, Age, and Gender.

4. Discussion

First, the discussion of the results is presented; then, some tentative implications are advanced for both scientific research and
applied purposes.

4.1. Discussion of the findings

The aim of the current work is twofold. The first aim is to identify the antecedents of risk perception in different natural hazards,
while the second is to find moderators of the resulting relationships, and their relevance both in theoretical terms and for method-
ological implications. Regarding the first aim, a series of thirty-two meta-analyses show significant relationships with most of the
predictors that emerged from the literature. In particular, these resulted in antecedents tapping the clusters identified by Bonaiuto and
Ariccio [45]. Table 4 shows a classification of all the resulting antecedents by cluster and the strength of their respective effects.

As can be seen, the strongest effects (greater than or equal to .24, i.e., medium to large effect sizes) regarding the first cluster,
namely the factors concerning the relationship between the individual and the risk, emerge for the variables Climate Change
Awareness, Negative Emotions, Event Perceived Likelihood, and Expected Response Efficacy. The strongest effects regarding the
second cluster, namely the variables related to the relationship between the individual and the community, are observed for Social
Norms. Lastly, the largest effects for the third cluster, namely individual factors, are observed for Pro-Environmental Orientation and
Individual Values (i.e., Biospheric and Altruistic).

All in all, it seems that the cluster with the majority of variables showing the strongest effects is the first one (factors concerning the
relationship between the individual and the risk). Regarding individual factors, only dispositional factors exhibit strong effects; in fact,
regarding the other factors included in this cluster, namely the sociodemographic factors, no variable exhibited medium to large effects
and, thus, this suggests that they are less important antecedents. Overall, the findings are partly in line with the recent meta-analysis by
van Valkengoed and Steg [8] on predicting adaptation behaviors to climate changes, especially regarding medium effects observed for
Expected Response Efficacy and Social Norms, and the significant role (although with different magnitudes) of Climate Change
Awareness, Knowledge, Prior Experience, and Trust in Authorities. Interestingly, both Previous Experience and Trust in Authorities —
although emerged as the two most important antecedents in the analysis by Wachinger et al. [10] — do not exhibit the strongest effects
according to our findings.

The current work gives back a quantitative summary of the effects reported in the literature that helps to answer questions raised by
previous reviews. For instance, it emerges that Prior Experience and Prior Experience Severity exhibit the exact same positive effect,
contrary to what was hypothesized by Wachinger et al. [10]. Indeed, they expected that it is the severity of the experience to affect risk
perception, more than the experience itself. These meta-analyses show that both aspects of experience play a similar, important role.
Moreover, the effect of Trust in Authorities resulted positive, thus questioning the suggested argument by which more devoted citizens
trust authorities to carry the responsibility for risk, diminishing their risk perception (see [10]). This result may rather suggest the
opposite, namely that relying on authorities may somewhat transfer knowledge from the experts to the lay citizen, ameliorating the
efficiency of risk communication, and ultimately filling the gap between the objective and subjective risk [10].

The strength of the effects of sociodemographic variables, including gender, which were found inconsistent across reviews and by
some authors [10,19,32], result weak (Gender, Conservative, Household Size), with some variables showing non-significant results
(Children, Religiosity, Married, Residential Tenure, and Home Ownership). Lastly, the role of other antecedents, including more

Table 3
Results of the multi-level moderation analyses conducted on the relationships between different antecedents of risk perception and risk perception
and hypothesized for specific variables.

Antecedents of risk perception r p oHrw O

Prior Experience

Moderator: Y/N, Frequency 0.257 0.00 NA
Knowledge
Moderator: Type of knowledge 0.513 0.00 0.03
Social Norms
Moderator: Descriptive/Injunctive* 0.001 0.003 0.05
Descriptive Norms .0002
Injunctive Norms <.0001

Note. ***p < .001; **p < .01; *p < .05.
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Classification of resulting antecedents of risk perception by cluster and strength of their effect.

Antecedents

Effects

Small

Medium

Large

Non-significant

Factors concerning the relationship
between the individual and the risk

Factors concerning the relationship
between the individual and the

Objective Risk (+)
Prior Experience (+)
Prior Experience
Severity (+)
Preparedness (+)
Knowledge (+)
Vulnerability (+)
Media Use (+)

Trust in Authorities (+)

Expected Response
Efficacy (+)

Event Perceived
Likelihood (+)

Social Norms (+)

Negative Emotions (+)
Climate Change Awareness

(CD)]

Psychological Distance

=)

Social Support (—)
Place Attachment (—)

community Sense of Community
=)
Trust in Community (+)
Individual Sociodemographic Conservative (—) Children (-)
factors factors Household Size (+) Religiosity (—)

Married (—)
Residential Tenure (+)
Home Ownership (+)
Fatalism (—)
Self-efficacy in
Response (+)

Woman (+)

Altruistic Values (+) Biospheric Values (+)
Pro-Environmental

Orientation (+)

Dispositional factors Egoistic Values (+)

Note. (+): positive effect; (—): negative effect. The effects of Home Ownership and Fatalism were marginally significant (.05 < p < .10). According to
[76], effect sizes are interpreted as follows. Small: 0.0 < r < 0.24; Medium: 0.24 < r < 0.41; Large: r > 0.41. Variables in each cell are listed by effect
size (from the smallest to the largest).

traditional environmental psychology variables, was better outlined, with some significant and non-significant effects.

Regarding significant findings for the factors concerning the relationship between the individual and the risk, higher Objective risk
and Knowledge were confirmed to enhance risk perception as previously found [10,19,43], while for mountain hazards results were
found inconsistent [32]. With no surprise, Vulnerability, Event Perceived Likelihood, and Negative Emotions - all treated as inde-
pendent variables, considering the correlational nature of the meta-analyses (based on Pearson's correlations) - were all positively
associated with risk perception, as they were previously considered as different aspects of the same construct (e.g., [30]). Pre-
paredness, namely protective behaviors adopted before the hazard, was positively associated with risk perception. This result is
difficult to interpret: One may expect that having implemented protective measures may decrease risk perception. Indeed, people may
be motivated to adopt protective measures to decrease their risk perception ([31,83]; for a more detailed discussion see [43]).
Nevertheless, this can be true for different aspects of risk perception not investigated here, such as vulnerability and negative emotions
(e.g., worry). In our case, it can be that preparedness behaviors may enhance risk salience, thus heightening risk perception (and
severity of the consequences). In any case, although these findings are cross-sectional, they may suggest a bidirectional relationship
between preparedness and risk perception, which is not usually contemplated by classic theories focused on explaining preparedness
and response behaviors, such as the Protection Motivation Theory [25] and the Protective Action Decision Model (PADM; [39]). In
such frameworks, risk perception usually appears as a precursor of protective behavior, although several studies suggest that the
contrary is also plausible [31,43,44]. Similarly, the positive and significant effect of Expected Response Efficacy, usually related to the
motivation to engage in protective behaviors according to the Protection Motivation Theory [25], may be associated with higher risk
salience. On the whole, these effects speak in favor of adopting appropriate preparedness measures to stay tuned on the risk by
perceiving it.

Regarding significant findings for the factors concerning the relationship between the individual and the community, the Media
Use intended to be informed about hazards enhances risk perception: This effect may pass through increased knowledge provided by
the medium (e.g., [84]). As mentioned above, higher Trust in Authorities results associated with higher risk perception, suggesting that
a good climate of trust with community leaders may efficiently convey the need for risk perception [85]. Similarly, the central role of
social norms was highlighted by the study of Solberg et al. [44], which emphasizes the centrality of normative influence on the
perception of natural hazards. Van Valkengoed & Steg [8] then highlighted how social norms predict adaptive behaviors. Considering
risk perception as one of the main leverages toward adaptive behaviors [8], it appears consistent with the literature on how norms can
also positively influence risk perception.

Lastly, regarding individual factors, it is interesting to note that all values considered here, namely Egoistic, Altruistic, and
Biospheric, were found to enhance risk perception, with stronger effects for the last two. This suggests that having something to care
about (whatever it is) may enhance risk salience and the worry that valuable aspects of life are at risk, i.e., a result in line with Vested
Interest Theory studies on environmental risk coping [86,87]. Interestingly, the three most important predictors found across our
meta-analysis were Biospheric Values, Climate Change Awareness, and Pro-Environmental Orientation. This poses the question of the
importance of sensibility to the environment [88] and general environmental education [89].

Regarding non-significant findings, the results concerning the variables related to the sense of community and social support (i.e.,
Social Support, Sense of Community, and Trust in Community) could be interpreted as a confirmation of the theorization that in the
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contexts of natural hazards, these do not play a protective role in a preparatory phase, as much as they act more in helping people to
cope with natural hazards once the event has already occurred [90]. Thus, these variables are probably more related to processes
involved in coping with past natural hazards than in preparing for or perceiving future natural hazards, in which risk perception plays a
prominent role.

As for the lack of significance of variables Psychological Distance and Self-Efficacy in Response, this result is unexpected. Classical
studies (e.g., [91]), indeed, revealed that lower psychological distance is associated with higher levels of uncertainty related to climate
change and its consequences, which is strictly related to risk perception (see [92]). Nevertheless, it is possible that by converging
studies that examined the role of Psychological Distance in different natural hazards, this effect is lost. Unfortunately, since studies
were scanty for this antecedent and the result was non-significant, a further analysis per type of natural hazard was not possible.
Regarding Self-Efficacy in Response, classic theories such as the Protection Motivation Theory [25] identify efficacy as a protective
factor against the emotional aspect of risk perception of the hazard and the hazard itself. Other studies (e.g., [93]) have then shown
that response efficacy predicts both emotional and cognitive aspects of risk perception. Thus, the lack of significance could be due to
the large number of risks considered in our analysis. Perceiving self-efficacy in response to some types of risk (e.g., earthquakes) may
have a greater impact on risk perception than, for example, in response to risks such as climate change, toward which it is difficult to
perceive direct self-efficacy in response, and thus to consequentially have an impact on the subsequent risk perception. As with
Psychological Distance, a further analysis per type of natural hazard was not possible. Future studies will therefore need to further
investigate the relationship between these variables, to understand how and when they may impact the risk perception of natural
hazards.

Regarding Place Attachment, its role in the face of natural hazards seems not to be associated with risk perception in most of the
studies analyzed. This suggests that place attachment does not intervene in increasing risk perception as one may expect (e.g., [44,
94]), presumably guiding instead protective behaviors in the face of risks [17]. It is worthy remember however how the predicting role
of place attachment has been reported to vary from positive to negative according to various features [15,95], such as the object of the
attachment (residency or safety area; [96]) and the style of attachment (over and above its intensity; [97,98]). This means that the role
of place attachment for risk perception still needs to be deeply considered by further future studies. Lastly, the role of Fatalism was
dismissed by our results. Since fatalism beliefs are strictly connected to the degree of control attributed to the hazard [44], is it possible
that, once again, the effect varies across different hazards, perceived as more (i.e., climate change) or less (e.g., earthquake, volcanic
activity, floods) controllable by human action (see also [10]). This was not possible to test in our meta-analysis.

Although the findings are rich and deserve attention, it is important to highlight that several meta-analyses point to a certain degree
of publication bias across different antecedents. This means that results regarding these antecedents should be interpreted with
caution. Lastly, almost all meta-analyses show a high degree of heterogeneity among studies conducted. This points to a high
dispersion of effect sizes among studies considered for each meta-analysis. One way to explain this heterogeneity is through the
identification of moderators.

The second aim of this work is to find possible moderators of the identified relationship of each predictor with risk perception. The
conducted moderation analyses showed important as well as non-significant moderators. Regarding the former, Low or high-risk area
sample moderates the relationship between Woman and Risk perception, in a way that the effect is positive and significant only when
the risk area of the sample is low. This means that women may better foresee risk when not immediately salient, while, when the risk is
high, there is no such a difference between genders (for a theoretical and methodological perspective about gender differences in risk
perception, see [99]). This result is interesting since the role of gender in previous literature was evaluated as inconsistent by some
reviews [10,32]. Our findings highlight how the role of gender may differ conditional on the level of the risk area.

Moreover, the Type of social norm moderates the relationship between Social Norms and Risk Perception. It results that both
Injunctive and Descriptive norms are positively associated with Risk Perception, but the effect is stronger for Injuncitve norms contrary
to the results by van Valkengoed and Steg [8]. This underscores a key distinction: while adaptive behaviors tend to be primarily guided
by what others are doing, risk perception is more influenced by what others believe is the appropriate course of action in response to
the hazard. This pattern aligns with the differing motivational functions of social norms. Descriptive norms convey information about
effective behavior in a given context, whereas injunctive norms reflect socially shared expectations often tied to cognitive and affective
judgments [100-102], including risk perception. Lastly, the Low or High risk area of the sample reported a significant effect in the
relationship between Negative emotions and Risk perception. It emerges that Low risk area samples had a higher effect as compared to
High risk area samples. This result suggests that negative emotions are more effective in shaping risk perception when the risk in the
area is low (vs. high). It is possible that emotions are less important where the risk is better known. In fact, it is plausible that people
living in a high-risk area have already experienced a natural event and are, consequently, basing their risk perceptions on other aspects
(e.g., consequences); however, this speculation requires further studies.

Of note are also the non-significant effects of the moderators Case study, Rural/urban sample, Age, and Gender, which strengthen
the importance of the observed relationships. Moreover, the moderation analysis also shows that the Measurement of Prior Experience
(i.e., having or not experienced vs. frequency of experience) does not affect the relationship between this antecedent and risk
perception, in line with the result of the meta-analysis by van Valkengoed and Steg [8]. Similarly, for Knowledge, the Type of
knowledge (i.e., objective or subjective) does not affect the relationship between the antecedent Knowledge and Risk Perception (i.e.,
both types of knowledge equally work).

4.2. Strengths and limitations
This contribution represents a novel attempt to quantitatively summarize the available literature on the topic of the determinants of
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risk perception. Some strengths of the work lie in the broad inclusiveness of records that allowed us to consider interdisciplinary
studies, including also grey literature, and with no limits in terms of authors’ countries (contrary to the review by Wachinger et al.,
which focused only on European research). This research is not free of limitations either. One of the most important is the choice
regarding the measurement of risk perception for a study to be included in the meta-analyses, with the consequence of having excluded
different conceptualizations of risk perception. This may have also been reflected in the results. As reported elsewhere [33], risk
perception has been measured in different ways. Moreover, as egregiously expounded by Slovic and colleagues [103], when referring
to perceived risk, “no one definition is correct, or suitable, for all problems” ([103], p. 21). Meta-analyses considering the antecedents
of different, more specific, aspects of risk perception, such as event perceived likelihood and risk salience, or even considering both
general holistic measurement of risk perception and severity of consequences alone, indeed, may give somewhat different results.
Although our inclusion strategy was designed to maximize conceptual coherence, comparability across studies may be only partial, and
some of the heterogeneity observed in the meta-analyses may reflect differences in the underlying conceptualization of the outcome
variable rather than genuine differences in the relationships between antecedents and risk perception. This issue is not unique to the
present study but reflects a longstanding challenge in risk perception research, where a widely shared operational definition is still
lacking [33,103]. Future research would benefit from greater conceptual and measurement standardization and from reporting
different dimensions of risk perception separately, which would allow future meta-analyses to investigate their potentially distinct
antecedents.

A similar limitation concerns the heterogeneity of independent variable measurements. Although we grouped only conceptually
similar variables under the same construct (see Table S2), variation in how these constructs were operationalized across studies re-
mains, potentially affecting interpretability. While using only identical measures would reduce this issue, it would also drastically limit
the number of eligible studies. Future meta-analyses could address this by coding measurement features in more detail or running
subgroup analyses when feasible. Similarly, primary studies should prioritize shared definitions and validated instruments to enhance
comparability. Otherwise, researchers with similar aims will likely encounter the same methodological challenges, as also noted in
prior studies (e.g., [8,104]).

As mentioned in the Results section (see Fig. 4), research is scanty regarding some types of natural hazards (e.g., landslides,
drought, heat waves, biodiversity loss) across all the variables here considered. Although our research considers a large number of
studies analyzing different natural hazards, the overestimation of some hazards (e.g., climate change or flood) compared with others
(e.g., drought) leads to reduced generalizability of these results and a call for higher hazard variety in future research. Hazards may be
very different: e.g., the occurrence of some hazards is more abrupt with immediate and direct damages and casualties (e.g., earth-
quakes, cyclones), while the consequences of other hazards are only visible in the long term, with no less disastrous outcomes (e.g., sea
level rise, loss of biodiversity; [55]). Therefore, broader research is needed to collect more data and to deepen the investigation of the
antecedents of risk perception regarding these specific natural hazards.

Furthermore, the literature search highlights that the findings on the topic should be broadened (see Method). In fact, fourteen
variables are found not reaching the minimum of five studies required for conducting a meta-analysis. Thus, more research is needed to
allow a quantitative summary of the available results by including such variables too.

Finally, although in most of the analyzed studies the conceptual direction of the relationships was the same as presented in our
meta-analyses (i.e., with risk perception as the outcome), it is essential to acknowledge that the correlational nature of the data (based
on Pearson's r) limits any claims of causality. The meta-analytical estimates reported inherit the limitations of the original studies,
including common method variance and the inability to establish directions of the observed effects among variables. Although meta-
analysis increases statistical power and provides more robust estimates of associations, it cannot overcome limitations embedded in the
primary data on which it is based [70]. For these reasons, without experimental manipulation, some observed associations may
therefore reflect the influence of unmeasured covariates, mediators, or moderators, or bidirectional relationships (an inherent chal-
lenge in social science literature; [105]). Future research, including experimental designs and a more defined theoretical conceptu-
alization, is needed to clarify the directionality of these effects and strengthen causal inferences. Moreover, the correlational nature of
the data does not allow for a differentiation between influencing factors or co-variants (e.g., climate change awareness may not directly
influence risk perception and could be influenced by the same factors as risk perception). Furthermore, some meta-analyses were
conducted on relatively few studies, reflecting the current state of the literature. While all analyses met the a priori minimum inclusion
criteria, effect size estimates and heterogeneity parameters derived from a limited number of studies should be interpreted with
caution. Future research should prioritize both replication and the accumulation of evidence on under-investigated antecedents of risk
perception.

Lastly, we should acknowledge that aggregating findings from samples with different characteristics may influence the results.
Thus, whenever possible, we controlled for these differences through the use of moderators. Nevertheless, this has not always been
possible on the basis of the selected studies (e.g., for Home Ownership, in most studies there were aggregated data of property owners
and non-property owners).

Moreover, despite the adoption of multilevel meta-analytic models to account for dependencies among effect sizes, residual het-
erogeneity remained substantial across several antecedents. This suggests that additional study-level characteristics, not consistently
reported in the primary literature and therefore impossible to code, may contribute to variability in the observed effects. As a
consequence, some sources of heterogeneity may remain unexplained, and the reported average effect sizes should be interpreted as
summary estimates that may vary across contexts, populations, and hazard types.
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4.3. Implications for future research and theory

Although the results of the meta-analyses presented here help to answer questions raised in the literature, at the same time, they
open new research pathways. More specifically, the relationships between some antecedents and risk perception deserve further
investigation. For instance, the results highlight how a higher frequency of exposure to media that deals with specific natural hazards is
associated with greater risk perception. Future studies may delve into this relationship, by investigating which type of communication
has proved to be more effective, as well as the preferable media source. This research may provide important guidelines for policy-
makers interested in enhancing awareness regarding specific risks associated with natural hazards.

Centrally, one of the insights from this meta-analysis should be to encourage scholars to use clearer measurements of risk
perception, possibly avoiding unidimensional scores that may be difficult to compare across studies. Importantly, we believe that in
studies on risk perception, unpacking the construct into different aspects (e.g., holistic risk perception, severity of consequences,
probability, vulnerability, negative emotions; [30]; see also [106]) would allow future meta-analyses to specifically focus on the
potentially different roles that the antecedents may play on distinct aspects of risk perception (e.g., see the discussion regarding the
effect of Preparedness in the paragraph “4.1 Discussion of the Findings™). This should lead to a more complete picture of risk perception
antecedents and more precise indications for action.

Lastly, as mentioned before, as far as we know, there are no previous theories that systematically address the specific role of each
antecedent of risk perception on risk perception itself. Our findings offer some insights into the (crucial) development of future
reasoning and expose the need for a conceptual effort in this direction. First, from a comparison between Table 1, which synthesizes the
importance attributed to antecedents found in the literature by cluster, and Table 4, which offers a classification of resulting ante-
cedents of risk perception by cluster and strength of their effect, we observe a general convergence on the identification of some factors
(e.g., Preparedness, Knowledge). Nevertheless, findings suggest that the importance attributed by the literature to some antecedents
(e.g., Prior Experience, Trust in Authorities) was overestimated, while for others (e.g., Event Perceived Likelihood) it was under-
estimated. Future theorizations may start from these findings to redefine how risk perception is shaped. For instance, it seems that
factors concerning the relationship between the individual and the risk play a primary role in the formation of such perception. In
particular, among all the antecedents in this cluster, affective factors (i.e., Negative Emotion) seem to play a larger role than some
cognitive factors (e.g., Knowledge). Dispositional antecedents are also identified as strong predictors of risk perception (e.g.,
Biospheric Values, Pro-Environmental Orientation), while social and contextual variables (e.g., Social Support, Residential Tenure,
Household Size) seem to play a weaker or non-significant role.

Importantly, based on our findings, future theorizing should consider the specificity of each hazard in defining these relationships,
such as the type of hazard, and the level of risk in the focal area. Lastly, these findings could extend existing theories that considered the
role of risk perception for the engagement in protective behaviors. In fact, considering that risk perception is mostly seen as an
antecedent of protective behaviors from classic and widely used theories (e.g., the Protection Motivation Theory; [25]), identifying the
antecedents of risk perception could mean widening the range of intervention. Specifically, if these findings are confirmed by future
studies, classical theories may more closely consider that we can intervene on risk perception antecedents (e.g., Negative Emotions,
Prior Experience, Trust in Authorities, Social Norms) to indirectly promote protective behaviors. Importantly, the population char-
acteristics which can contribute to sustain the intervention, such as gender and personal values, need to be taken into consideration
too.

5. Conclusion

The findings reported here are summed in Table 4 and may guide decision-makers and policymakers in enhancing awareness of risk
especially, but not limited to, high-risk populations. In particular, risk management should consider the three clusters of antecedents
and intervene accordingly to the specific phase in which risk perception proved to be essential, namely preparedness, response, and
recovery.

Regarding the factors concerning the relationship between the individual and the risk, knowledge may be favored through media
and education (e.g., [107]). Moreover, personal prior experience may be prompted through simulations that may show to the par-
ticipants their possible risk through direct training [45]. The required timeframe of exposure could be estimated as short-medium time,
under appropriate circumstances, with the necessity of a long-term frame for more stable and durable effects.

Implications at the societal level are envisaged in the second cluster, namely the factors concerning the relationship between the
individual and the social community. Importantly, community interventions may consider the power of descriptive and injunctive
norms in sustaining risk perception, that is, evidence from consensual behaviors respectively suggested (injunctive norms) as well as
adopted (descriptive norms) by significant others. This may be used, for example, in advertisements as well as on social media and
media in general [108]. Trust in authorities may be favored through direct dialogue with institutions, and leaders more attentive to the
needs of the population.

Lastly, as highlighted also by Bonaiuto and Ariccio [45], individual factors may be more difficult to address because they are less
easy to change. Fortunately, regarding socio-demographic factors, what emerged is also that these variables are not so important as
compared to the other clusters. Both socio-demographic and dispositional factors resulting from the meta-analyses may be taken into
consideration when designing educational, informational, and community interventions, to tailor specific actions for different in-
dividuals' categories. Interestingly, it seems that, among the most important dispositional determinants, there are people's values,
which are relatively stable individual dispositions. It seems that all values (whether biospheric and altruistic ones as expected, or
egoistic ones too) can play an important positive role here, in the sense that any target (either the environment, other persons, or the
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person's interests), which is endowed with subjective importance, can work as a trigger for enhancing risk perceptions (and conse-
quently protection behaviors) from people who assign importance to that target. This may entail considering the importance given to
different targets by different cultures and micro-cultures. Interventions should be fueled by continuous research and vice versa, to
more deeply understand how to encourage protective actions by specific populations and constantly ameliorate field interventions.
There are in fact already some pieces of evidence that speak in favor of adapting information and communication addressed to the
inhabitants of flood risk areas by targeting their personal involvement in the consequences (e.g., by using the Vested Interest Theory;
[86,871).

In conclusion, advancements in the study of the antecedents of risk perception are needed. High risk perception has been found to
be an important motivational factor for individuals in taking action to protect themselves from a natural hazard [8]. Nevertheless, the
relationship between risk perception and behavior is not always straightforward [96]. In fact, scholars have been referring to a “risk
perception paradox” for which high perceived risk can be not associated, or even negatively associated, with protective behavior, both
before, during, and after the event [10]. Studying the antecedents of risk perception is important to shed light on the mechanisms
underlying it and to intervene in altering risk perception to favor protective behavior. Ultimately, these findings expose the importance
of the future development of a more comprehensive theoretical framework on the formation of risk perception in natural hazards,
which represents a crucial asset for individuals and communities coping with natural hazards (whether climate change induced or not).
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