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ABSTRACT

Individuals’ past experiences with a hazard can encompass many different aspects, which can influence how
they judge and respond to a future hurricane risk. This study, which utilizes survey data from coastal residents
who are at risk from hurricanes, adds to understanding of past hazard experience in two ways. First, it ex-
amines six different aspects of people’s past hurricane experiences and the relationships among them. Then, it
draws on risk theories of behavioral responses to explore how these different experiences influence people’s
evacuation intentions for a hypothetical hurricane as mediated through multiple dimensions of risk percep-
tion (cognitive, negative affective) and efficacy beliefs (self efficacy, response efficacy). The results suggest
that people can experience emotional or otherwise severe impacts from a hurricane even if they do not have
experiences with evacuation, property damage, or financial loss. The results also reveal that different past
hurricane experiences operated through different combinations of mediating variables to influence evacua-
tion intentions. Some of these processes enhanced intentions; for instance, experience with evacuation, fi-
nancial loss, or emotional impacts heightened negative affective risk perceptions, which increased evacuation
intentions. Other processes dampened evacuation intentions; for instance, people with past hurricane-related
emotional impacts had lower self efficacy, which decreased evacuation intentions. In some cases, these en-
hancing and dampening processes competed. Exploring people’s different past weather experiences and the
mechanisms by which they can influence future behaviors is important for more deeply understanding pop-
ulations at risk and how they respond to weather threats.

1. Introduction Wachinger et al. 2013). Past experience therefore is
commonly measured in studies of risks, including
weather hazards such as hurricanes (Weinstein 1989;
Lindell 2012; Kellens et al. 2013; Huang et al. 2016).
However, researchers who quantitatively analyze the
role of past experiences in affecting future decision-
making typically do so by treating experience as a vari-
able to be controlled for rather than one that is inherently
interesting. This tendency occurs across risk contexts,

including in studies of hurricanes and other weather risks
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The atmosphere has little long-term memory of past
hurricanes that have affected an area, but people do.
Indeed, people’s past experiences with a hazard are
important for shaping how they recognize and develop
judgments about a future risk, which can influence their
responses to the threat (Weinstein 1989; Renn 2008;
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People’s past experiences with a hurricane can encom-
pass many different aspects, and it is important to better
understand these nuances and their influences. Multiple
scholars therefore have noted the insufficient ways that
people’s past experiences with hazards (hurricanes and
otherwise) have been measured in the existing litera-
ture, and they have identified the need to more thought-
fully study this concept (Weinstein 1989; Baker 1991;
Lindell 2012; Kellens et al. 2013). Second, most previous
studies focus only on whether past hurricane experience
is related to future evacuation decisions by examining
if a relationship exists and if it is positive or negative.
Yet, it is also important to understand how past expe-
rience has an effect on a future behavior by examining
the processes by which intervening variables may me-
diate the relationship (Hayes 2009, 2013). Lindell (2012)
noted the need for mediation analyses generally in the
context of disaster studies. Specific to studies of personal
experience, Weinstein (1989, p. 47) noted that they “‘will
be most informative if they include measurements of the
variables thought to mediate the effects of experience.”
Because major gaps exist in current understanding of
what experience represents and how it influences re-
sponses to future threats, we examine these topics here
in the context of hurricanes.

The goal of this article is to contribute to foundational
knowledge about what characteristics individuals bring
into a risk situation, with a focus here on their experi-
ences, and about the processes by which these experi-
ences can affect their risk judgments and responses. This
understanding can guide future research by informing
theoretical avenues and methodological approaches to
further investigate the nature and roles of experience as
well as other constructs relevant to hazards. It can also
help guide studies of risk communication that could be
designed to enhance protective decision-making for
hurricane risks.

We explore these topics using data from a survey of
Miami-Dade County, Florida, residents who live along
the coast and thus are likely to have past experiences
with hurricanes and are at risk of future hurricanes.
Respondents were asked about six different past hurri-
cane experiences: experience with evacuation, property
damage, financial losses, injury or death, emotional
impacts or personal distress, and overall severity of im-
pacts from hurricanes. Later in the survey, respondents
were presented with a hypothetical scenario of a hurri-
cane threatening landfall near Miami. Respondents then
were asked, based on that information, about their
likelihood of evacuating. Drawing on theories of be-
havioral responses to risks, respondents also were asked
about their risk perceptions regarding the hurricane
threat as well as their efficacy beliefs regarding
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responding to the threat. We use these data from at-risk
coastal residents to investigate 1) characteristics of their
past hurricane experiences, including the distribution of
and relationships among the six aspects of experience
measured here, and 2) for each different experience,
how its effect on hypothetical evacuation intention might
be mediated by risk perception and efficacy beliefs.

Section 2 briefly reviews how past hurricane experi-
ence has been studied empirically, including how it is
typically measured and whether it has been shown to
relate to evacuation behaviors. This section also dis-
cusses the risk theories that underpin the variables we
investigate here as mediators of evacuation intentions.
Section 3 describes our methods, including the survey
sampling, implementation, design, and measures, as well
as the regression-based mediation analysis employed
here. Section 4 presents the distribution of and rela-
tionships among the six past hurricane experiences we
measured, and section 5 provides the mediation analysis
results. The key findings are summarized and their im-
plications discussed in section 6.

2. Background

a. Conceptualizing and measuring past hurricane
experience

There are two common survey-based approaches that
researchers employ to measure past hurricane experi-
ence. One approach is with questions that attempt to be
all-encompassing by measuring, for example, the exis-
tence or amount of experience one has (e.g., “Have you
experienced a hurricane?’’; “Have you been personally
affected by a past hurricane?”’; “How many hurricanes
have you experienced?”’) (e.g., Lindell et al. 2005;
Peacock et al. 2005; Arlikatti et al. 2006; Lazo et al. 2010;
Matyas et al. 2011). However, such questions are im-
precise in what is being asked and consequently in what
people are thinking about and what is being measured
with their responses. For instance, in the case of Hurri-
cane Katrina, someone who lived far from New Orleans
and closely followed news coverage of the hurricane and
of the people who were directly affected by it (e.g., in the
Superdome, on rooftops) might consider themselves as
having experienced Katrina. That experience, although
important, differs considerably from someone who lived
in New Orleans and, say, evacuated their home and in-
curred damage to their property or other valued pos-
sessions. Vague, all-encompassing survey measures of
experience cannot capture the nuances of or distinguish
among these different experiences.

The other common approach is to measure experience
with two or more questions that aim to capture different
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aspects of experience, which are then combined into one
variable (e.g., Lindell and Hwang 2008; Trumbo et al.
2011). The aspects that are typically asked about are
people’s experiences with evacuating from a hurricane,
property damage, and injury. Often, these experiences
are measured both as they pertain to survey respondents
but also to their family or friends as a way to capture
vicarious experiences. Although this approach begins to
better capture the complexity of people’s hurricane ex-
periences, combining different experiences into one
variable removes the ability to understand their poten-
tially different effects.

Most experience measures that researchers utilize
capture ftangible aspects of people’s hurricane experi-
ences, that is, those that pertain to physical or bodily
exposure and consequent impacts. The measures dis-
cussed above regarding experience with multiple hurri-
canes, evacuation, and property damage are example
measures of tangible experiences. Some scholars have
noted the importance of also capturing intangible
experiences—that is, people’s interpretations of their
experiences and the meaning they attach to them
(Barnett and Breakwell 2001; Zaalberg et al. 2009). Such
measures may capture an amalgam of people’s experi-
ences from one or multiple events, as well as the ways that
the effects of experiences can endure and change over
time. Only a few studies, however, have employed quan-
titative measures of people’s intangible hurricane experi-
ences (Barnett and Breakwell 2001; Lazo et al. 2015).

Here, we build on the work that has been done to date
by measuring and separately analyzing six different past
hurricane experiences, including both tangible and in-
tangible experiences [see section 3b(1)].

b. Influence of past hurricane experience on
evacuation, empirically and theoretically

The influence of past hurricane experience on evac-
uation behaviors (actual and intended) has been exam-
ined in dozens of studies. The empirical findings are
mixed, however, suggesting that past experience can
have a positive, negative, or no influence on evacuation
decisions [see Baker (1991), Lindell (2012), Huang et al.
(2016), and Lazo et al. (2015) for reviews]. In fact, in a
statistical meta-analysis of hurricane studies published
since 1991, Huang et al. (2016) report that two-thirds
found a nonsignificant relationship between experience
and evacuation.

One plausible reason for these results may be the way
experience tends to be measured, such as with the
aforementioned vague, all-encompassing items or with
indiscriminate composites of items. Although our goal
here was not to fully explicate past experience, we did
aim to better capture nuances of this concept with our
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six measures, which we separately analyzed in con-
junction with evacuation behaviors.

Another plausible reason for the mixed empirical
findings is that past hurricane experience may exert its
influence on evacuation behaviors through intervening
mechanisms. In other words, the effect of past experi-
ence may be mediated, as theorized by behavioral re-
sponse models such as protection motivation theory
(PMT; Rogers 1975, 1983) and the Protective Action
Decision Model (PADM,; Lindell and Perry 2012). Al-
though the terminology differs by model, both theorize
that when people become aware of a risk, they draw on
information, including their past experiences, which
initiates appraisals of risk perception and efficacy be-
liefs. Risk perception’ was theorized as a solely cognitive
process in PMT (and in many other theories of pro-
tective behavior that were developed in the 1970s and
1980s; see, e.g., Weinstein 1993), meaning individuals
systematically evaluate their chance of being affected
by a hazard and how harmful it will be. Since then, the
affective dimension of risk perception, which is the un-
derlying good or bad feeling one has about a hazard, has
been become widely understood as being very impor-
tant. The affective mode of risk perception is intuitive
and emotional and therefore faster, and it works in
tandem with the slower, effortful, cognitive mode of risk
perception (Slovic et al. 2004; Slovic 2010; Greenberg
et al. 2012). The role of affective risk perception is noted
in the PADM. Efficacy® also consists of multiple di-
mensions, including individuals’ self efficacy, or beliefs
about their ability to perform the recommended behav-
ior, and response efficacy, or beliefs about the effective-
ness of the recommended response in reducing risk.

To summarize, these models theorize that individuals’
past hazard experiences (among other antecedent vari-
ables) affect their cognitive judgments and emotional
reactions about the possibility of harm due to a hazard
(i.e., risk perception) as well as their beliefs about re-
sponding to that hazard (i.e., efficacy beliefs). These in
turn affect responses, such as evacuation, to a risk
(Fig. 1).

Although these mediated relationships have been
theorized, very little work has been done to empirically
examine them in the context of hurricanes. Most hurri-
cane studies that have investigated these concepts have
examined only parts of this model, with a focus on

'Termed “threat appraisal” in PMT and “threat perception”
in PADM.

2 Termed “coping appraisal” in PMT and “protective action (or
hazard adjustment) perceptions” in PADM. Some of aspects of the
PADM protective action perceptions are broader than self and
response efficacy; for details, see Lindell and Perry (2012).
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FIG. 1. Theoretical model illustrating how different past hurri-
cane experiences can exert an influence on future evacuation be-
havior through the intervening dimensions of cognitive and affective
risk perception and of self efficacy and response efficacy.

whether relationships exist between risk perception and
evacuation behaviors (Peacock et al. 2005; Burnside
et al. 2007; Huang et al. 2012; Lindell 2012; Lazo et al.
2015), past experience and risk perception (Peacock
et al. 2005; Matyas et al. 2011; Trumbo et al. 2011), and
past experience and evacuation behaviors (Baker 1991;
Huang et al. 2016; Lazo et al. 2015; Morss et al. 2016a).
Only a few mediation studies have been conducted
that examine how hurricane experience is mediated by
either risk perception or efficacy to affect future pro-
tective behaviors. Huang et al. (2012) showed that past
hurricane experience increased perceived likelihood of
different expected personal impacts of a real future
hurricane threat, which enhanced evacuation decisions.
Meyer et al. (2013) developed an experimental context
with a hypothetical hurricane and found that past hur-
ricane experience decreased negative affect, which de-
creased evacuation intention. And Norris et al. (1999)
found that past hurricane experience increased efficacy
beliefs (including both response- and self-efficacy mea-
sures, termed ‘perceptions of control’”’), which in-
creased general protective behaviors for a future hazard.

Here, we add to the extant research by drawing on risk
theories of behavior to investigate how people’s past
hurricane experience is mediated by multiple dimensions
of risk perception (cognitive, affective) and efficacy (self-
efficacy, response efficacy) to influence evacuation in-
tention (Fig. 1). Moreover, we examine different past
hurricane experiences as antecedents in this multiple
mediator model to explore the different effects they
might have. We explore these presumed causal pro-
cesses guided by the aforementioned risk theories as
well as by the nature of our research of interest, which is
to investigate how people’s past experiences affect their
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future judgments and decisions. These analyses are
based on a survey of at-risk coastal residents in Miami-
Dade County, Florida, who were provided with a hy-
pothetical hurricane scenario. Details of the research
methods are provided next.

3. Methods
a. Survey sampling and implementation

A brief description of the survey sampling and im-
plementation are provided here; full details are avail-
able in Morss et al. (2016a).

The survey included a hypothetical scenario of a
hurricane threatening landfall near Miami, Florida,
further discussed below. Based on this scenario and our
interest in studying factors influencing hurricane evac-
uation decision-making, our target population was
Miami-Dade County residents along coastal areas.
Specifically, we targeted the two highest-risk evacuation
zones (A and B) to reach people for whom evacuation
would be the recommended behavioral response.

Survey sampling and data collection were managed by
the survey research company Knowledge Networks
(KN, now GfK). KN randomly sampled residences from
all Miami-Dade County census blocks containing some
portion of evacuation zone A and/or B. KN recruited
respondents by postal mail, sending invitation letters to
17050 addresses, and participants responded to the
survey on the web using their existing Internet access.
The survey was implemented from November 2011 to
January 2012, and it was fielded in both English and
Spanish. KN received 260 completed surveys. Four re-
spondents completed the survey in less than 10 min (the
median survey completion time was 33 min), and one
respondent skipped nearly half of the survey questions.
These five people were removed, leaving an analysis
dataset with 255 respondents.

Demographically, a majority of respondents were
male (56.0%), most were employed (72.4%), and they
had a median age of 46, education of 16 years, and a
household size of two people. The median number of
years residing in Miami-Dade County was 12 years,
and a majority of respondents own their residence (61.2%)
and reside in a building with two or more apartments
(63.5%). Most respondents are white (83.5%), and 38.5%
are of Spanish, Hispanic, or Latino descent. Finally, about
one-third of respondents reside in evacuation zone A and
one-half are in zone B; the remainder resides just outside
of these zones, because of the census block-based sampling
approach (Morss et al. 2016a, their Fig. 3).

Again, the goal of our study is to investigate the me-
diated relationships suggested by theories of behavioral
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responses to risks; thus, we focus on studying these
processes (Frick 1998, Hayes 2005).

b. Survey design and measurement

The survey instrument was developed collaboratively
by research team members, informed by related prior
research. Input also was solicited from meteorological
researchers as well as weather and emergency response
practitioners whose work pertains to hurricanes. A brief
summary of the survey structure is provided here, fol-
lowed by a detailed description of the concepts and
measures that are the focus of this article.

The survey began with questions about respondents’
past hurricane experiences, which are discussed further
below [section 3b(1)]. After additional questions about
hurricanes in general, respondents were presented
with a scenario of a hypothetical hurricane named Julia
that was threatening Miami-Dade County (Morss et al.
2016a, their Figs. 1 and 2). All respondents were in-
formed that Julia was a Category 4 hurricane that might
affect Miami within 48h. Respondents were then ran-
domly assigned some combination of five risk messages.
Every respondent received a graphic emulating the
National Hurricane Center’s cone of uncertainty, either
with or without the track line. Respondents also were
assigned to receive or not receive up to four textual risk
messages that included Julia-related information about
the probability of landfall in Miami, storm surge depth
and extent, storm surge impacts, and evacuation for
protection. Several of these messages had an effect on
respondents’ evacuation intention and other responses—
the details of which are the focus of the paper by Morss
et al. (2016a)—thus, we control for these messages in the
analyses presented here.

After reviewing the risk messages provided to them,
respondents were asked questions about their evacua-
tion intention, risk perceptions, and efficacy beliefs as
they pertained to the Hurricane Julia scenario. The
survey items used to measure these concepts are dis-
cussed in detail below [sections 3b(2) and 3b(3)] and in
the appendix.

At the end of the survey, respondents were asked
about their individual and household characteristics,
including their age, gender, education, employment,
race, ethnicity, primary language, length of residence in
Miami-Dade County, residence ownership, residence
type, and household size. Data were also collected to
measure cultural worldviews, that is, people’s beliefs
about social structures and networks, which have been
shown to influence risk perceptions and responses (Tansey
and O’Riordan 1999; McNeeley and Lazrus 2014). The
relationships between each of the demographic and
cultural worldview variables and participants’ responses
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to the Hurricane Julia scenario are discussed in Morss
et al. (2016a). All of these variables were included here
as statistical controls in the mediation analyses. For
these questions, data were missing from 0% to 8.6% of
respondents, and thus they were imputed with median
values.

1) MEASURES OF THE ANTECEDENT VARIABLES:
PAST HURRICANE EXPERIENCES

Survey respondents were asked about six different
aspects of experience with any or all past hurricane
events (rather than with a specific hurricane). One item
measured whether or not the respondent had experience
with a tangible protective action taken in response to a
hurricane threat, specifically as experience with evacu-
ating because of a hurricane threat. Three items mea-
sured whether or not the respondent had ever had any
experiences with tangible impacts due to a hurricane,
including damage or property loss, other financial losses,
and injury or death. The final two items measured two
intangible impacts. One item measured whether or not
the respondent had ever experienced emotional impacts
or personal distress (hereafter referred to simply as
emotional impacts) because of a hurricane. The other
item measured how severe the impacts of the respon-
dent’s own hurricane experiences have been overall.
This item mirrors a concept termed ‘‘threat experience
appraisal” that was developed by Grothmann and Reusswig
(2006) to measure one’s perceived severity of a (flood)
threat experienced in the past. The complete wording of
the experience questions and response options is pro-
vided in Table 1. Note that, excepting the final item that
measures overall severity of hurricane impacts, the
other questions asked about experiences of the respon-
dent or anyone in their household.

Data were missing from between one and three re-
spondents for three of the experience measures and
were imputed with the median value.> No data were
missing for the other three experience measures.

2) MEASURES OF MEDIATING VARIABLES: RISK
PERCEPTION AND EFFICACY BELIEFS

Respondents were asked survey questions to measure
the dimensions of risk perception and of efficacy beliefs
discussed above (section 2b, Fig. 1) as they pertained to
the threat of the hypothetical Hurricane Julia.

3 Median imputation is considered adequate when less than 5%
of data are missing for a variable (Harrell 2001); otherwise, alter-
native data imputation techniques are recommended for key var-
iables of interest (Baraldi and Enders 2010).



332 WEATHER, CLIMATE, AND SOCIETY VOLUME 8
TABLE 1. Distribution of respondents’ past hurricane experiences (n = 255).
Response options and distributions
Experience measure No = 0? Yes =1
Have you or has anyone in your household ever. ..
...evacuated or left your residence to go some- 54.1% 45.9%
place safer in response to the threat of a hurricane?
...had damage to or loss of property because of 43.9% 56.1%
a hurricane?
...had any other financial losses such as business 73.3% 26.7%
losses or loss of income because of a hurricane?
...been injured (including loss of life) due to 98.0% 2.0%
a hurricane?
...had emotional impacts or personal distress be- 56.1% 43.9%
cause of a hurricane?
Not at all 2 3 Moderately 5 6 Extremely
severe = 1° severe = 4 severe = 7
Overall, how severe have the impacts of your own 21.6% 94% 16.5% 28.2% 125% 7.5% 43%

hurricane experience(s) been?

?“Don’t know” was offered as a separate response option, but these responses were considered to be akin to not having these experiences
and thus were recoded as “no.” Across the five question items, the number of respondents who answered “don’t know” ranged from 1 to 4.
> «“Don’t know/No experience” was offered as a separate response option and was selected by 26 respondents (10.2%). All 26 respondents

indicated “no” to the previous 5 items that measured experiences with evacuating and impacts, so these responses were interpreted as “no

experience” and thus were recoded to “not at all severe” = 1.

Cognitive risk perception was measured with six items
(e.g., “It is likely that Hurricane Julia will hit my
residence”, ‘I believe that the damages from Hurricane
Julia will be devastating’’), each on a seven-point scale
from “very strongly disagree” to “‘very strongly agree.”
Affective risk perception was measured by asking re-
spondents to indicate how they feel about Hurricane
Julia and then providing a series of emotion-related
adjectives using a seven-point semantic differential,
which is a response scale that has opposite adjectives on
either end (e.g., assured to worried). Four items were
used where higher values represent negative affect (i.e.,
worried, fearful, anxious, dread) and lower values rep-
resent positive affect (i.e., assured, fearless, at ease,
confident). The 10 risk perception items factor analyzed
cleanly into cognitive and affective dimensions (see the
appendix for the factor analysis results and for the
wording, mean, and standard deviation of each survey
item). The six cognitive and four affective risk percep-
tion items were summed into separate scales where
higher values represent greater cognitive (Cronbach’s
a = 0.87)* and negative affective (Cronbach’s a = 0.86)
risk perception, respectively.

Self efficacy was measured with three items (e.g., “I
would be able to do what is needed in order to

* Cronbach’s « is a statistical coefficient that estimates the re-
liability of a set of measurement items as the proportion of total
variance among a set of items that is communal. The coefficient ranges
from O to 1, with higher values representing greater reliability.
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evacuate”), each on a seven-point scale from “very
strongly disagree” to “‘very strongly agree.” Response
efficacy also was measured with three items (e.g.,
“Evacuation would be effective to prevent injury or
death”), each on the same seven-point scale. The six
efficacy items factor analyzed cleanly into the self and
response dimensions (see the appendix for the factor
analysis results and for the wording, mean, and standard
deviation of each survey item). The three items for each
dimension were summed into a scale where higher
values represent greater self efficacy (Cronbach’s
a = 0.89) and response efficacy (Cronbach’s « = 0.90),
respectively.

Data were missing from between zero and three re-
spondents across all of the risk perception and efficacy
survey measures, so they were imputed with median
values.

3) MEASURE OF THE DEPENDENT VARIABLE:
HURRICANE EVACUATION INTENTION

The dependent variable of interest, hurricane evacu-
ation intention, was measured with a single survey item.
Immediately after respondents were shown the hypo-
thetical hurricane scenario and risk messages, they were
asked, based on the information they had received about
Hurricane Julia, to indicate how likely it is that they
would evacuate on a scale of 0 to 10, where 0 means I
definitely would NOT evacuate” and 10 means “I defi-
nitely WOULD evacuate.” No data were missing for
this question. The distribution of evacuation intention is
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a; b,

FIG. 2. Conceptual representation of a parallel mediation model
with four mediators, showing the influence of X on Y directly (path
¢’) and indirectly via M, (through paths a; and b;), M, (through
paths a, and b,), and so on.

skewed to the left (mean = 7.0, standard deviation =
2.9), with the most common response, from 28.4% of
respondents, being that they definitely would evacuate.

c¢. Parallel mediation analysis

This section briefly describes mediation analysis con-
ceptually and statistically. Complete details of this method
and the analytical steps followed here are available in
Hayes (2013).

Mediation analysis is used to investigate how an ante-
cedent variable (X)) exerts its influence on an outcome
variable (Y) through one or more intervening variables,
termed mediators (M). As discussed above, we utilize
mediation analysis here to explore how each of the dif-
ferent measures of past hurricane experience (X) influ-
ences evacuation intention (Y) through four mediators
(M;)—that is, the two risk perception and two efficacy
dimensions—operating in parallel.

A conceptual representation of a parallel mediation
model with four mediators is shown in Fig. 2. The model
illustrates that there are five paths by which X influences Y:
directly through path ¢’ and indirectly via M, through paths
a; and b;. Statistically, these paths are represented with
linear regression through two equations’:

5 Across the linear regression equations, i represents the in-
tercept; a;, b, and ¢’ represent partial regression coefficients; and
€ represents the error term.

Brought to you by NOAA Central Library | Unauthenticated | Downloaded 09/15/23 06:54 PM UTC

DEMUTH ET AL.

333

sziM]+an+an forall j=1to 4 1)

and

j=4

Y=i,+/X+ zibij—i—sy. 2)
1=

Expanding Eq. (2) yields
Y=i,+cX+bM +b,M,+bM,+bM,+e,. (3)

These equations determine how each of the paths rep-
resented in Fig. 2 are statistically estimated. Equation (3)
reveals a benefit to conducting a parallel mediation
analysis: a mediated relationship via a given mediator
M; is examined while controlling for the other mediators
with which M; may be correlated. This helps reduce the
possibility that a proposed mediator may be related to Y’
because it is correlated with a different mediator that is
the causal influence.

Further, substituting Eq. (1) into Eq. (3) and collecting
terms® yields the following model, which illustrates how
the direct and indirect effects are calculated’:

Y=i%+(c+ab, +ab,+ab,+ab)X+ei. (4

The direct effect of X on Yis ¢’. An indirect effect is the
product of the a;and b; path linking X to Y through a given
mediator M;. There are as many indirect effects as there
are mediators; thus, in all analyses presented here, there
are four indirect effects. Each respective indirect effect is
termed a specific indirect effect, and their sum is the total
indirect effect.

The sum of the direct and indirect effects is termed the
total effect c:

c=c +2(ab), for j=11o4. (5)

The total effect c is the coefficient that would be statis-
tically estimated if Y were regressed onto X alone, in the
absence of any mediators. Equation (5) indicates how
direct and indirect effects may exist but offset, resulting
in an insignificant total effect. This phenomenon occurs
in the analysis presented here, as will be shown and
discussed later.

Oif = iy + Zb¥iy; and £f = Ey + Tb¥ Eyyj.

7 As discussed in Hayes (2009) and chapter 6 in Hayes (2013), it is
important to report the value of the indirect effect rather than (as is
often done) claiming partial or complete mediation based on the
statistical significance of the @ and b path coefficients in conjunction
with the magnitudes of the direct (¢’) and total (c) effects.
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The above equations can be generalized to include
additional variables as statistical controls. As noted
above, the five risk messages about Hurricane Julia and
the demographic characteristics and cultural worldviews
were included as covariates in the analyses.

All analyses were performed in the Statistical Package
for the Social Sciences (SPSS), version 22, using Hayes’s
freely available PROCESS macro, version 2.12.1 (Hayes
2016). The direct, specific indirect, and total effects are
reported for each mediation analysis. Inferences for the
point estimate of the direct and total effects come di-
rectly from the linear regression analyses through null
hypothesis significance testing (i.e., based on the p value
of the test statistic for the coefficients ¢’ or ¢). However,
this method of statistical inference cannot be used for
the indirect effect, which is a product (a;b;) of two regression
coefficients and thus has a nonnormal sampling distribution,
which violates an important assumption for statistical in-
ference using null hypothesis significant testing. Instead,
sampling distributions of the specific indirect effects were
empirically derived from 10000 bootstrapped estimates
calculated using the bias-corrected method (Preacher and
Hayes 2008; Hayes 2013). The 90% and 95% confidence
intervals based on the bootstrapped sampling distributions,
all generated using the same seeded value, are reported.
Because confidence intervals are reported for the indirect
effects, we also report them for the direct and total effects,
along with the p values of the point estimates.

4. Results: Past hurricane experiences

This section describes the prevalence of the six dif-
ferent aspects of past hurricane experience that were
measured for this sample, as well as the relationships
among the experiences.

The distribution of responses for each of the six ex-
perience measures is shown in Table 1. As previously
noted, all questions measured experiences of the re-
spondent or their household members, except for the
measure of severity of overall impacts, which pertained
to the respondent only.

Looking first at the measures of tangible experiences,
nearly half of respondents have experience with evacu-
ating to someplace safer in response to the threat of a
hurricane, and more than half have experienced damage
or some other type of property loss. Other financial losses
are less common, experienced by about one-quarter of
respondents. Only five respondents indicated that they
or a household member have been injured or that a
household member has died because of a hurricane.
Because so few respondents had this experience, the
statistical power of this variable is limited and thus it was
omitted from further analyses. However, all five people
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who reported injury or death experience also reported
they had experience with property damage and with
emotional impacts. Of the two measures of intangible ex-
periences, nearly half of respondents have experienced
emotional impacts due to a hurricane, and more than half
report that the impacts of their overall hurricane experi-
ences are of moderate to extreme severity.

Correlations between all pairs of the experience var-
iables show that each type of experience is significantly
and strongly correlated with all other types, excepting
the omitted injury item, suggesting that many of these
aspects of experience are interwoven (Table 2). In par-
ticular, the two intangible experiences—emotional im-
pact and overall severity of impacts—each are highly
correlated with each of the tangible experiences.

We further explored these relationships by combining
whether people have experiences with evacuation, prop-
erty damage, and other financial losses into a summed
scale that represents the number of these tangible expe-
riences that respondents have. Then, we examined this in
conjunction with each of the intangible experience mea-
sures. As shown in Fig. 3, there is a monotonic increase in
the percentage of people who report that they have ex-
perienced emotional impact with each additional tangible
experience had [y*(3,n = 255) = 62.8, p < 0.01]. Figure 4
presents a similar analysis and shows that respondents
report increasing severity of impacts with more tangible
experiences (r = 0.54, p < 0.01).

Importantly, Figs. 3 and 4 also show that some re-
spondents who do not have any experience with evacu-
ating, property damage, or financial loss still report
emotional impact (13%) and moderate to extreme se-
verity of impacts (17%). This suggests that people can be
significantly affected by hurricanes even if they have not
experienced any of the major tangible aspects of a hur-
ricane that threatens or makes landfall in their region.

5. Results: Mediation analyses

This section reports the results of the parallel media-
tion analyses. Five analyses are reported, one with each
different hurricane experience (i.e., experience with
past evacuation, property damage, financial loss, emo-
tional impact, overall severity of impacts) as the ante-
cedent variable. All of the mediation analysis results are
reported in Table 3, including the direct effect, four
specific indirect effects (i.e., for each mediator), and
total effect. Given our goal of exploring the theorized
mediated processes by which past experience can influ-
ence future behavioral response, which can be built on in
future work, we discuss results that are significant at the
90% level (i.e., the 90% confidence interval does not
contain zero), most of which also are significant at the
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(evacuation, property damage, and/or financial loss)

F1G. 3. Variation in emotional impact or personal distress ex-
perience with the number of evacuation, damage, and/or financial
loss experiences (n = 255).

on evacuation intention indirectly through all four me-
diating variables (Table 3, Fig. 5). In other words, re-
spondents’ past experiences evacuating from a
hurricane increased their risk perceptions, that is,
their perceptions that they would be affected and
harmed by Hurricane Julia (cognitive), and their
Julia-related feelings of fear, worry, dread, and
anxiety (negative affective). In turn, these risk per-
ceptions increased their reported likelihood of evacu-
ating because of Julia. Respondents’ past evacuation
experience also increased their efficacy beliefs, that is,
regarding their ability to evacuate from Julia (self effi-
cacy) and the effectiveness of evacuating to reduce harm
(response efficacy), and these also increased evacuation
intentions.

The results also show that there is a significant, posi-
tive total effect (¢ = 1.59) of respondents’ past evacua-
tion experience on their reported intention to evacuate
from Hurricane Julia. Proportionally, the sum of all four
indirect effects (Xa;b; = 0.64; Fig. 5) represents about
40% of the total effect in this analysis (Preacher and
Kelly 2011; Hayes 2013). The other 60% is attributed
to the direct effect of past evacuation experience. This
suggests that past evacuation experience influences
likelihood of future evacuation in ways other than
through the intervening variables we explored here;
this is discussed further in section 6.

b. Tangible impacts: Property damage experience and
financial loss experience

The mediation analysis with property damage expe-
rience revealed only one significant indirect effect.
Respondents’ past experience with property dam-
age due to a hurricane decreased response-efficacy
perceptions, causing a negative indirect effect on
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FIG. 4. Variation in severity of impacts with the number of evac-
uation, damage, and/or financial loss experiences (n = 255).

evacuation intentions (Table 3). This means that
people who have suffered property damage from a
hurricane are less likely to think that evacuating is an
effective way to reduce harm, and thus they report
that they are less likely to leave for Hurricane Julia.
There was no other evidence of mediated, total, or
direct effects of property damage experience on
evacuation intentions.

The mediation analysis with hurricane-related fi-
nancial loss (e.g., business losses or loss of income)
experience also revealed only one significant indirect
effect. Respondents with this experience had in-
creased feelings of fear, worry, dread, and anxiety
(negative affect) about Hurricane Julia, which in
turn resulted in higher evacuation intentions (Table
3). There were no other effects of financial loss
experience.

c. Intangible impacts: Emotional impact experience
and overall severity of impacts experienced

Experience with emotional impacts due to a past
hurricane significantly influenced evacuation intention
through two mediators, but, importantly, these two
mechanisms operate in opposite ways (Table 3, Fig. 6).
Respondents’ past emotional experience increased
their fear, worry, dread, and anxiety (negative affect)
about Hurricane Julia, which in turn increased their
evacuation intentions, resulting in a positive indirect
effect (ab, = 0.10). However, respondents’ past
emotional experience also decreased their belief in
their ability to evacuate from Hurricane Julia to re-
duce their hurricane risk (self efficacy), resulting in a
negative indirect effect (azbz; = —0.10). Thus, past
emotional experience heightened negative affect,
which helped motivate protective behavioral re-
sponse, but this effect was dampened by lower self
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and confidence intervals

a;b; =0.20
90%Cl: 0.06-0.41
95%Cl: 0.04-0.45

szz =0.07
90%Cl: 0.01-0.20
95%Cl: 0.001-0.23

Y: Evacuation

M;: Self efficacy

a, = 1.20%%*

M,: Response
efficacy

Direct effect = 0.95%**
90%Cl: 0.49-1.41
95%Cl: 0.40-1.50

Total effect = direct effect + total indirect effect = 1.59%**
90%Cl: 1.03-2.15
95%Cl: 0.93-2.26

*p<0.1, **p < 0.05, ***p < 0.01

M.,: Negative .
affective risk b, =0.06
perception
X: Evacuation
experience ' =0.95***

bs =

b, =0.22%**

intent

ash; =0.11
90%Cl: 0.01-0.31

0.12**
95%Cl: -0.004-0.35

asb, =0.26
90%Cl: 0.09-0.53
95%Cl: 0.06-0.60

Total indirect effect = 0.64
90%Cl: 0.29-1.02
95%Cl: 0.22-1.11

FIG. 5. Parallel mediation model showing the direct (¢’) and indirect (a;b;) paths by which past evacuation experience influences
evacuation intent (n = 255). Indirect, direct, and total effects are reported, along with their respective 90% and 95% confidence intervals.
Statistical control variables are not represented in the model for simplicity.

efficacy to perform the protective action. In other
words, these indirect effects of past emotional expe-
rience compete, and this contributes to why there is no
significant total effect of past emotional experience on
evacuation intention. No other significant mediated
relationships emerged.

Last, the mediation analysis indicates that the severity
of impacts of respondents’ hurricane experiences in-
directly increased evacuation intentions through nega-
tive affective risk perception (Table 3). Thus, the more
severe the impacts from respondents’ past experiences,
the more likely they were to feel fear, worry, dread, and
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anxiety; in turn, these perceptions increased intentions
to evacuate for Julia. This indirect effect was weak,
however, and there were no other effects of severity of
impacts experienced (Table 3).

6. Summary and discussion

The broad notion of one’s past “experience” with a
hazard can encompass many different aspects, which can
influence how one judges and responds to a future risk
situation. Based on a survey of Miami-Dade County,
Florida, coastal residents who are at risk from
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Indirect effects: point estimate
and confidence intervals

01b1 =0.03
90%Cl: -0.13-0.20
95%Cl: -0.16-0.23

ab, =0.10
90%Cl: 0.02-0.27
95%Cl: 0.005-0.30

Y: Evacuation

M;: Self efficacy

M,: Response
efficacy

Direct effect = -0.01
90%Cl: -0.49-0.48
95%Cl: -0.58-0.57

Total effect = direct effect + total indirect effect = 0.002

90%Cl: -0.60-0.61
95%Cl: -0.72-0.72

*p<0.1, **p <0.05, ¥**p <0.01

M,: Negative -
affective risk b;=0.07
perception
X: Emotional
impact =001

bs=0.13**

b, = 0.23%**

intent

G_;b_q =-0.10
90%Cl: -0.31 — -0.004
95%Cl: -0.35-0.01

ash; =-0.03
90%Cl: -0.21-0.16
95%Cl: -0.26-0.20

Total indirect effect =0.01
90%Cl: -0.40-0.38
95%Cl: -0.48-0.45

FIG. 6. As in Fig. 5, but with emotional impact experience. Negative paths and negative effects are shown in red text.

hurricanes, this study explored dimensions of past hur-
ricane experiences and their effects on evacuation in-
tentions in two ways. First, we measured and examined
six different aspects of hurricane experiences—a tangi-
ble protective behavioral response (evacuation), three
tangible impacts (property damage, financial loss, injury
or death), and two intangible impacts that represent
people’s interpretations of their experiences (emotional
impact or personal distress, overall severity of impacts
from all hurricane experiences)—and relationships
among them. Second, we drew on theories of behav-
ioral responses to risks and investigated how these
respective past hurricane experiences influenced
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evacuation intent in a hypothetical hurricane scenario
as mediated by dimensions of risk perception (cogni-
tive, negative affect) and efficacy beliefs (self efficacy,
response efficacy).

Our investigation of different aspects of experience
provides insight into the multifaceted nature of people’s
past experiences. In particular, the results reveal the
importance of better understanding intangible impacts
from hurricane experiences, which tend to be less com-
monly investigated by researchers. Respondents were
more likely to report experiencing hurricane-related
emotional impacts and more severe impacts overall if
they reported having more types of tangible experiences
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(i.e., with past evacuation, property damage, financial
loss). However, many respondents reported that they
had emotional impacts or moderate to severe overall
impacts despite not having experienced any of these
tangible experiences. This suggests that classifying
people as having experienced a hurricane using only
these types of tangible measures—which are among
items that researchers commonly use to measure peo-
ple’s experience—may miss people who have experi-
enced hurricanes (or other hazards) in other ways.

More fundamentally, these results suggest that peo-
ple’s intangible experiences should be further concep-
tualized and investigated to better understand how
people interpret, synthesize, and make meaning from a
hazard that affects them. For instance, as investigated by
Demuth (2015) in the context of tornadoes, other in-
tangible experiences in addition to those measured
here may include intrusive thoughts and feelings, life
disruption, or other aspects. These intangible impacts
could result from an individual’s direct experience
with a hazard, or they could be vicariously experi-
enced via hazards that affect known others as well as
unknown others (e.g., observed via news media).
Further conceptualizing intangible and other experi-
ences can have important theoretical implications for
understanding how people plan for, judge, and re-
spond to future risks.

The results of the parallel mediation analyses provide
empirical insight into theorized processes by which dif-
ferent past hurricane experiences exert an effect on
evacuation intention through mediators of risk percep-
tion and efficacy beliefs. Although the sizes of the in-
direct effects are modest, the analyses highlight the
different ways that experience can have an effect
through different intervening variables.

One finding of interest is that, other than past evacu-
ation experience, each of the different past hurricane
experiences operated through only certain intervening
variables to influence evacuation intention. For instance,
people’s experience with past property damage de-
creased their beliefs that evacuating is an effective way
to reduce harm (response efficacy). This perception
makes some people less likely to evacuate, perhaps be-
cause they believe they can better protect their property
by staying, or because they anticipate a threat to
property more than a threat to life. Also, people’s past
hurricane-related experience with emotional impacts
affected their perceptions of fear, worry, dread, and
anxiety (negative affect) as well as their beliefs in their
ability to do what would be needed to evacuate (self
efficacy). These results illustrate the different effects
that different past hurricane experiences can have as
well as the conceptual correspondence between a
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specific aspect of experience and the mediator(s) it af-
fects (Weinstein 1989).

Another important finding is that experience with
hurricane-related emotional impacts had indirect effects
that worked in opposite directions, enhancing evacua-
tion intentions through heightened negative affect but
dampening intentions through lower self efficacy. In
other words, these mediated relationships emerged in
the absence of a total effect, that is, even without a
statistically significant relationship between experience
and evacuation intent. This, understandably, is coun-
terintuitive; a significant total effect (i.e., significant re-
lationship between X and Y) has long been considered
as the first in a series of requirements, known as the
“causal steps approach,” for an effect to be mediated
(Hayes 2009, 2013). This erroneous belief about medi-
ated relationships is increasingly being abandoned as
revealed otherwise by methodologists and by empirical
research—including the findings shown here that certain
mechanisms can be operating for some people but that
the effects may be masked by other effects, especially
those that operate in competing directions.

The mediation analyses also illustrate that all of the
aspects of past hurricane experiences measured here,
other than property damage, enhanced evacuation in-
tention through heightening negative affect (fear, worry,
dread, anxiety). Risk scholars have suggested that past
experiences are tagged with affect and that people au-
tomatically recall and draw on these affective associa-
tions when judging a future risk (Epstein 1994; Slovic
et al. 2004); this mental shortcut has been termed the
“affect heuristic.” The results here not only demon-
strate this link but also show that it occurs for multiple,
different experiences. Given that affect was measured
here as it pertained to a simulated hurricane risk con-
text, the experience-induced negative emotions that one
may feel during a real hurricane threat may be even
stronger. These results suggest the need to give more
credence to the role that affect (negative or positive)
plays for weather risks and to better understand the role
of experience in influencing it.

Relatedly, the analyses reveal there is limited evi-
dence that past experience, other than past evacuation
experience, influences behavior through cognitive risk
perception, measured here as respondents’ chance of
being affected by the hurricane and the harm it would
cause. These measures may be less meaningful for our
sample of coastal residents because most of them live in
evacuation zones, which means that they have an in-
creased chance of being affected and harmed by a hur-
ricane. Thus, in future work, it may be valuable to
examine measures of cognitive risk perception that fo-
cus on more specific and personalized impacts (Morss
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et al. 2016b) or on other dimensions. For example,
Trumbo et al. (2016) developed and validated a general
(not event specific) scale of hurricane risk perception,
where the cognitive dimension is measured as concrete,
extreme, and observable impacts (e.g., catastrophic de-
struction, widespread death).

Last, the mediation analyses revealed that past evac-
uation experience indirectly increased evacuation in-
tention by enhancing all the dimensions of risk
perception and efficacy beliefs. Having experience
evacuating can provide concrete knowledge about what
that response behavior entails—what Riad et al. (1999)
term an ‘‘evacuation repertoire,” where people know
how to act and what to do—as well as about the utility of
the action. This may explain why past evacuation ex-
perience is mediated through self efficacy and response
efficacy. Past evacuation experience also influenced
evacuation intentions directly, though, suggesting that
other intervening variables are at play that were not
explored here. Other mediators could include situa-
tional motivations and/or barriers (Huang et al. 2012;
Lazo et al. 2015; Lindell and Perry 2012); attitudes to-
ward the behavior (e.g., Fishbein and Ajzen 2010); or
other, unknown factors that might be revealed through
qualitative inquiry with people who have evacuated. For
some people, though, past evacuation experience may
represent either a general risk aversion or a tendency
to evacuate for any hurricane threat. These factors
represent a different process, one where an individual’s
dispositions toward risk are the factors that could affect
whether one has evacuated in the past and their judg-
ments and responses to future risks. Future research that
explores other possible mediators of past evacuation
experience, and research that differentiates the effects
of individuals’ characteristics from the effects of their
specific experiences, would both help better under-
stand how past evacuation experience influences fu-
ture behaviors.

The research conducted here provides a foundation
for future work, in addition to that already mentioned.
For risk communication practice, understanding the
mechanisms by which different past experiences can
influence evacuation intentions can help identify where
risk communication interventions could be developed to
encourage desired behavioral responses. For instance,
for people with past property damage who might con-
sider evacuating to be a less effective response, risk
messages could emphasize that evacuation reduces
risks to one’s safety and well-being, which are para-
mount. Or, for people with past emotional impacts
who have less confidence in their evacuation abilities,
messages could be designed to promote self efficacy by
providing detailed information about how and when
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to evacuate and where they can easily seek help if
needed (e.g., Duval and Mulilis 1999). Research
would be required to evaluate and refine the specific
message content and to determine which sources (e.g.,
local public officials, faith-based leaders, broadcast
meteorologists) are most trusted and credible for
message delivery.

In addition, research should be done to investigate
how the mediated relationships examined here might
vary based on respondents’ characteristics (e.g., age,
length of residence) or other attitudes (i.e., moderated
mediation; see Hayes 2013), as well as how results might
vary based on other populations and other hazardous
weather events. Finally, we focused here on past ex-
perience as the antecedent variable of interest be-
cause of its prevalence in the risk literature and to
the different aspects of experience that can be sepa-
rately examined. Future work should also investigate
the mechanisms by which other antecedent variables,
including risk messages and respondents’ character-
istics (e.g., cultural worldviews), affect responses to
weather risks. The amalgam of such research efforts
can have important implications for helping better
understand and protect populations at risk of haz-
ardous weather.
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APPENDIX

Factor Analysis of Risk Perception and Efficacy
Beliefs

Presented in the tables are the survey questions and
items used to measure the dimensions of risk perception
(Table A1) and efficacy beliefs (Table A2) as they per-
tained to the Hurricane Julia scenario. The items were
randomized during survey implementation. The mean
and standard deviation for each item and the factor
analysis results also are presented. Common factor
analysis was conducted using an oblique (promax) ob-
lique rotation to allow the resulting factors to be cor-
related. For all analyses, n = 255.
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TABLE Al. Risk perception survey measures, factor loadings, and item statistics. Items that strongly load onto each factor are shown in
boldface type. Survey question with the cognitive risk perception items: ““Agree or disagree? Statements about the probability and severity
of Hurricane Julia based on the information you received.” (Response options: Very strongly disagree = 1, Strongly disagree = 2,
Disagree = 3, Neither agree nor disagree = 4, Agree = 5, Strongly agree = 6, Very strongly agree = 7). Survey question with the affective
risk perception items: “If presented with this information about Hurricane Julia, indicate how you would feel along a scale between each
of the following sets of words. I would feel...” (Response options: seven-point semantic differential with the shown paired, opposite
adjectives anchoring each end).

Factor loadings

Item statistics

Factor 1 Factor 2
Survey item (Cognitive risk perception) (Affective risk perception) Mean Std Dev
It is likely that Hurricane Julia will hit my 0.80 —0.06 53 1.1
residence
If I do not evacuate, I am likely to be personally 0.78 0.02 53 1.3
affected by Hurricane Julia
I do not currently think Hurricane Julia presents 0.49 0.01 5.6 1.4
any threat to me (reverse scored)
I believe that the danger posed by Hurricane 0.83 0.03 5.7 1.1
Julia is considerable
I think the potential impact from Hurricane Julia 0.87 —0.03 5.6 1.1
is significant
I believe that the damages from Hurricane Julia 0.70 0.03 5.1 1.4
will be devastating
Assured-worried 0.01 0.82 4.7 1.7
Fearless—fearful 0.04 0.75 43 1.5
At ease—anxious 0.01 0.84 4.6 1.6
Confident—dread —0.06 0.69 3.8 1.6
% of total variance explained 42.0% 24.1%
Cronbach’s a 0.87 0.86

TABLE A2. Efficacy belief survey measures, factor loadings, and item statistics. Items that strongly load onto each factor are shown in
boldface type. Survey question with all efficacy items: ““Agree or disagree? Statements about your ability to evacuate in response to the
threat of Hurricane Julia or how effective evacuation would be”” (Response options: Very strongly disagree = 1, Strongly disagree = 2,
Disagree = 3, Neither agree nor disagree = 4, Agree = 5, Strongly agree = 6, Very strongly agree = 7).

Factor loadings Item statistics

Survey item Factor 1 (Self efficacy) Factor 2 (Response efficacy) Mean Std Dev

Evacuation would be effective to prevent injury or death —0.01 0.94 54 13

If I evacuate, I am less likely to get injured or die -0.03 0.86 5.4 1.4
Evacuation would be effective to reduce suffering 0.21 0.68 53 1.3

I would be able to do what is needed in order to evacuate 0.86 0.07 5.6 1.1

I would be capable of effectively evacuating 0.91 0.00 55 1.2

I would be able to take the time to prepare and evacuate 0.74 0.03 54 1.2
% of total variance explained 69.9% 13.4%

Cronbach’s « 0.89 0.90
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