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Abstract

Integrating the Transtheoretical Model with Social Cognitive Theory and Protection Motivation
Theory, we propose a new model to study the progress of behavior changes towards disaster
preparedness along three developmental stages: from “not prepared” (NP), to “intention to
prepare” (IP), to “already prepared” (AP). Using the 2021 National Household Survey data
(FEMA, N = 6,180), we tested this model by employing a series of nested weighted generalized
ordered logistic regressions. We found that, although Hispanics have a larger prevalence of IP

than their non-Hispanic white counterparts, they are less likely to move to the AP stage. The
observed ethnic disparity is largely due to the disparities in actual behavioral capabilities in
essential knowledge and access to resources between the two groups. Personal disaster experience,
social/observational learning, self-efficacy, and risk perception each facilitate behavior changes
from the NP to IP or AP stage (i.e., departure from NP stage) and from NP or IP stage to AP

stage (i.e., arrival at AP stage). Although income does not necessarily influence one’s decision

to depart from the NP stage, it determines one’s arrival at the AP stage. Increasing one’s income
further boosts the realization of AP for people with high-risk perceptions. However, for people
with moderate or low levels of risk perceptions, increased income did not lead to arrival at the

AP stage. Additional research is needed to more fully apply this process-oriented approach with
new measurement introduced in this paper to study the behavior changes among subpopulations in
exposure to specific hazards.
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Introduction

Over the past 70 years, the annual frequency of natural disasters worldwide has increased

by more than 11 times, from 37 in 1953 to 413 in 2023 (the Center for Research on the
Epidemiology of Disaster, 2024). The threat posed by these natural disasters to human life

is unprecedentedly severe—a recent study suggests that the five natural disasters causing the
highest number of total deaths and injuries worldwide all occurred in the past 20 years (Tin
et al., 2023). Although emergency planning and the action of disaster preparedness play vital
roles in protecting human life and mitigating the risk of property loss or damage caused

by disasters (Alexander, 2002; 2015), the mechanism of human behavior change towards
disaster preparedness has not been fully explored.

Disaster preparedness can be defined as a protective behavior that occurs when individuals
take measures to prepare for potential, future disasters and mitigate their impacts on
vulnerable populations (International Federation of Red Cross and Red Crescent Societies
(IFRC), 2000; Najafi et. al., 2017). Accordingly, behavior change theories such as Social
Cognitive Theory (SCT) (Bandura, 1986) and Protection Motivation Theory (PMT) (Rogers,
1975) have been applied to study human behavior in dichotomous change (i.e., moving from
“not prepared” to “prepared” status) in relation to a series of risk and protective factors
(Bubeck et al., 2013; Ejeta et al., 2015; Rao et al., 2022; Scovell et al., 2021). Nevertheless,
individual preparedness is more appropriately conceptualized as a dynamic process rather
than a binary change. This study integrates the transtheoretical model (TTM) with SCT

and PMT and analyzes 2021 National Household Survey data (FEMA, 2022) with the aim
of providing an overview of individual behavior changes towards disaster preparedness
along three developmental stages: from “not prepared” (NP), to “intention to prepare” (IP),
to “already prepared” (AP) and illustrating how this dynamic decision-making process is
related to key elements in SCT and PMT.

Literature Review

Perceived preparedness and actual preparedness

Previous studies approached disaster preparedness using two distinct concepts—perceived
preparedness (subjective measurement) and actual preparedness (objective measurement)—
that may or may not be related. For example, Basolo et al., (2009) found people with higher
levels of perceived preparedness tended to have higher levels of actual preparedness in

Los Angeles and New Orleans, cities where residents were routinely exposed to two types
of natural disasters: earthquakes and hurricanes, respectively. Their study also found that
individual feelings about governmental efficacy played different roles in these two distinct
forms of preparedness. For example, confidence in local government to manage a disaster
is positively associated with perceived preparedness, but not with actual preparedness. A
recent survey study conducted in Rio Grande Valley, Texas (N = 526), suggested more

than 40% of respondents thought they would but did not act for disaster preparedness,
while only 8% achieved consistency between their thoughts and actions (Kyne et al, 2019).
Based on a systematic review of 69 papers regarding household disaster preparedness in 26
countries, Brown (et al, 2021) reported a significant positive relationship between perceived
preparedness and actual preparedness.
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A dynamic process of disaster preparedness

Rather than the two distinct concepts discussed above, individual disaster preparedness is
more appropriately conceived of as a dynamic process that at least involves the transition
from the mental activity of having an intention for preparedness to taking action to

prepare. Vinnell et al.,(2021) found that, among a small sample of 61 study participants in
Wellington, New Zealand, intention to prepare for natural disasters positively predicted their
preparation behaviors. This indicates that individual behavioral changes towards disaster
preparedness may occur along a developmental stage: from “not-prepared” stage, to “have
an intention” stage, then ultimately to the stage of “action of preparedness”.

However, humans do not always act in accordance with their behavioral intentions (Basolo
et al., 2009). For example, based on PMT, Tang and Feng (2018) argued that behavioral
intent and actual disaster preparedness behavior might or might not be related. Informed by
SCT, Paton (2003) postulates that while some risk/protective factors (such as self-efficacy)
are influential at forming a behavioral intention, they do not necessarily play a role at the
stage when intention is translated into action. Nevertheless, the field lacks a holistic model
that integrates both PMT and SCT with a consistent measurement to quantify this dynamic
process, whereby personal, social, and environmental determinants of human behavioral
transition from one stage to another. This study integrates the Transtheoretical Model
(DiClemente & Hughes, 1990; Prochaska and DiClemente, 1982; Prochaska, DiClemente,
and Norcross, 1992; as detailed below) with SCT and PMT to provide a new framework to
gauge these dynamics and examine individual behavioral transitions to determine whether
they occur in ascending order in relation to a series of risk and protective factors.

The Transtheoretical Model

The Transtheoretical Model (TTM) developed by Prochaska and DiClemente (1982) is

a health psychology framework that focuses on the individual decision-making process

for behavior change. TTM, which operates on the assumption that people do not change
behaviors quicky and conclusively, asserts that changes to individual health behavior usually
moves along at least three ordered, developmental stages: from the precontemplation stage
(in which people are often not aware a problem exists and do not intend to take action

to change their behaviors), to the contemplation stage (in which people are aware that a
problem exists and intend to change), and finally to the action stage (during which people
change their behavior).

To our knowledge, only one prior study has utilized TTM to examine disaster preparedness
behavioral changes; using a multinomial logistic regression, Writz and Rohrbeck (2017)
estimated terrorism preparedness behavior changes for residents in Washington, D.C. from
the precontemplation to contemplation stage and from the contemplation to action stage,
respectively. They found perceived risk of a future terrorist attack had a greater influence on
contemplating to prepare than on taking action to prepare. However, how behavior changes
on an ordinal scale, such as that proposed in TTM, for promoting nationwide natural hazard
preparedness has not been investigated.
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Racial/ethnic Disparities—Given TTM also postulates that factors influencing the
transition from one stage to another are stage dependent, the prevalence of the factors
present in each developmental stage in relation to socio-demographic profiles can be varied.
In select states (Ablah et al., 2009), Blacks and Hispanic Whites had much lower prevalence
rates in achieving the “already prepared” developmental stage than their counterparts —
non-Hispanic Whites. However, whether racial/ethnic disparities persistently prevail in the
“intention to prepare” stage has not been reported, especially nationwide. Although racial/
ethnic minorities had greater desire (intention) to achieve protective health behaviors (e.g.,
quitting smoking) than their counterparts, they were less likely to be successful doing

so (Babb et al., 2017; Santiago-Torres et al., 2022). Nevertheless, whether racial/ethnic
minorities are more or less likely than their counterparts to change their behaviors from one
stage to another along the dynamic process of disaster preparedness has not been examined.

Social Cognitive Theory

Although it is one of the most cited models in the disaster preparedness literature, according
to Samah (et al, 2019), TTM itself does not incorporate social, economic, and environmental
factors that can influence behavior changes. In parallel, many disaster researchers (Adams
etal., 2017; Mclvor et al., 2009; Paton et al., 2010) adopted social cognitive theory (SCT,
Bandura, 1986) and social cognitive model (Paton, 2003) to explore human decision-making
processes around disaster preparedness in relation to socioeconomic and environmental
factors.

Derived from social learning theory (Bandura, 1976), Bandura’s (1986) social cognitive
theory (SCT) explains how people regulate their behaviors through social and observational
learning that occurs in a social context with a dynamic interaction of personal behavioral
capabilities and their environment. First, SCT accentuates behavioral capability (or the
actual ability of knowledge and skills, as well as access to resources) shaping one’s
behavior. Second, SCT addresses how learning that occurs within a social context, such

as observational learning, might influence people’s behavior. Finally, SCT emphasizes that
self-efficacy, which refers to an individual’s belief in their capacity to successfully take
action, plays an important role in achieving goal-directed behavior (Bandura, 1977).

Behavioral Capability—Personal behavioral capability refers to the actual ability of a
person to perform a behavior given their essential knowledge, skills, and access to resources
(Bezner and Bradford, 2020; LaMorte, 2022). Indicated as an individual’s potential essential
knowledge on disasters and the ability to mobilize resources for preparedness, educational
attainment and income determine decision making with respect to disaster preparedness. For
example, in Phang Nga province, Thailand, Muttarak & Pothisiri (2013) found educational
attainment significantly facilitated behavior change in terms of disaster preparedness for
Indian Ocean Tsunami survivors. Additional evidence from Puerto Rico and the Houston-
Galveston metropolitan area in the U.S. suggests that low-income households were not able
to afford homeowners’ insurance (Ma, Baker, and Smith, 2021) nor flood insurance (Ma,
2018; Ma & Culhane, 2022), both of which are key to mitigating loss due to hurricanes
(Montgomery & Kunreuther, 2018). Relatedly, education and income inequality in the U.S.
is well-documented. Since 1959, the first year of the official times series statistics for the
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U.S. population, Hispanics and non-Hispanic Blacks have consistently had much lower
levels of education attainment and household income than non-Hispanic Whites (Iceland,
2019). However, the extent to which socioeconomic status (SES) contributes to racial/ethnic
disparities in behavior change from one stage of disaster preparedness to another has yet not
been studied.

Experiences—SCT also takes into account a person’s past experiences, which factor
into whether behavioral action will occur (LaMorte, 2022). Tekeli-Yesil (et al., 2010)
reported that direct personal experience of an earthquake through participating in rescue(s)
or solidarity activities positively influenced individuals to take precautionary actions to
prepare for an expected earthquake in Istanbul. In the U.S., communities that experienced
more flood events tended to have higher flood insurance penetration rates (Michel-Kerjan
et al., 2012). At the individual level, Nguyen (et al, 2006) found that, among Northridge
earthquake survivors in Los Angles, their proximity to the epicenter and the level intensity
of quake-shaking they experienced, are associated with increased post-quake preparedness
and mitigation behavior. Building on this, it’s important to note that many Americans have
experienced more than one disaster event (Benson, 2013). Cumulative disaster exposure
was found to be a risk factor for exacerbating mental health conditions (Lowe et al.,

2019) and addictive behaviors (Ma and Smith, 2017). However, whether cumulative disaster
exposure acts as a barrier or as a facilitator in terms of one’s behavior change for disaster
preparedness, is not yet clear.

Awareness—According to SCT, through observational learning people can witness and
observe a behavior conducted by others and then reproduce those actions. In the realm

of disaster preparedness, the outcomes of observational learnings are reflected in one’s
awareness of the relevant knowledge. Karanci (2005) found in Cankiri, Turkey, people
who participated in a basic awareness training program on earthquake, landslide, and
flood preparation, were more likely to adopt preparedness plans for disasters than their
counterparts who did not participate. In the U.S., households with any prior awareness

of preparedness information were more likely to develop and discuss an emergency plan
than their counterpart households who had never been introduced to the concept (Rivera,
2020). In fact, people are regularly exposed to many different social learning environments,
which allows their acquisition of preparedness knowledge to be varied in a cumulative
way. For example, among our study group, many people have read, seen, or heard that
preparedness actions are not limited to individual items (e.g., signing up for alerts and
warnings, making an evacuation plan), but also include collaborative items (e.g., testing
family communication plans and discussing plans with neighbors) (FEMA, 2022). Yet,
the extent to which one’s cumulative awareness of the relevant preparedness actions can
influence the disaster preparedness decision-making process has not yet been investigated.

Self-Efficacy—It is well documented that self-efficacy contributes to both preparedness
intention and action. Affirmed by Gebrehiwot & van der Veen (2015), self-efficacy led to
a behavioral intention to undertake farm-level risk reduction measures in drought areas in
the northern highlands of Ethiopia. In the U.S., people with higher levels of self-efficacy

were more likely to take action to develop a household emergency plan (Rivera, 2020).
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Nevertheless, the intention-preparedness link could be disrupted if people lack resources for
implementation. In a conceptualized social cognitive model (SCM), Paton (2003) posited
while preparedness intention is a function of self-efficacy, some variables associated with an
individual’s actual capabilities (such as financial resources and income) have the potential
to moderate the conversion of intentions to actions of preparedness. In fact, people with
lower levels of resources are more likely to exhibit lower levels of self-efficacy to prepare
for disasters (Rivera, 2020). If increasing income levels leads to an increased likelihood of
taking an action for preparedness, it is possible that, at a certain level, increased incomes
would also ameliorate the negative impact lower levels of self-efficacy have on behavior
changes towards disaster preparedness.

Protection Motivation Theory and Risk Perception

First developed by Rogers (1975), Protection Motivation Theory (PMT) was applied to
understand how individuals are motivated to adopt self-protective behavior(s) in response
to a perceived health threat. Emerged as a key theory of health psychology, PMT posits

that one’s intention to respond to information about potential hazards is a product of two
distinct appraisal processes: the threat-appraisal process and the coping-appraisal process
(Roger 1975, Rippetoe & Rogers, 1987). First, the threat-appraisal process consists of one’s
perceived severity of a threat and his/her perceived vulnerability (likelihood) of that threat
happening. Second, the coping-appraisal process involves one’s perceived response efficacy
and self-efficacy, and then subtracting the response cost associated with adopting the action
of behavioral change. PMT was later introduced in disaster literature as a rational and
individual decision to prepare given a certain level of perceived threat (also known as risk
perception) and based on the belief that the benefits of a protective behavior outweigh the
associated costs (Bubeck et al, 2017; Scovell et al., 2022).

The Protective Action Decision Model (PADM), developed by Lindell and Perry (2003,
2012), postulates that people can obtain warning information from external sources about
natural hazards or disasters. They believe such warning information contributes to the
formation of individual risk perceptions which could lead to the protective behavior
intentions and/or actual adoption of hazard adjustments. Although Lindell et al (2020) also
pointed out that “behavioral expectations are not necessarily the same as actual behavior,”
the roles of individual risk perceptions played on the dynamic process of behavior changes
towards disaster preparedness (i.e., NP, IP and AP) has not been explored.

Further, Bourque et al (2013) argue that risk perception itself is not a sufficient predictor but
can be largely mediated or moderated by other factors, including socioeconomic variables.
A more recent study reveals that, among Chinese farmers household, income positively
moderates the relationship between soil pollution risk perception and environmental
protection intention (Zhou, et al., 2020). Nevertheless, whether household income levels
moderate the effect of risk perception on the transition of individual behavior from one
disaster preparedness stage to another has not yet been examined.
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Theoretical Model and Research Questions

Informed by TTM, we conceptualize individual disaster preparedness as a dynamic process
of behavior changes along the ascending order from NP to IP to AP stages. Given existing
literature suggests individuals do not necessarily act in accordance with their behavioral
intentions (Basolo et al., 2009), our theoretical model, likewise, does not assert that
individual behavior change is necessarily taking a deterministic path along all three stages.
Rather, we posit that people who have developed their intentions for preparedness since their
departure from the NP stage may or may not arrive at AP stage. Relatedly, reaching the AP
stage may be related to but not path-dependent on their successes in achievement of IP stage.

We also postulated the key elements of SCT and PMT (i.e., an individual’s actual
behavioral capability, SES, disaster experience, preparedness awareness, self-efficacy, and
risk perception) each play a role in this dynamic decision-making process. As previous
studies found, some variables may or may not have the same effects in shaping behavioral
intentions and in realization of actual behaviors (Paton 2003; Basolo et al., 2009).
Accordingly, we relax a restrictive assumption that these key elements must have the same
impact on facilitating an individual’s departure from the NP stage and their arrival at

the AP stage. More specifically, we postulate that SES, disaster experiences, preparedness
awareness, self-efficacy, and risk perception may each have different effects on the dynamic
process of behavior change toward disaster preparedness.

The main theoretical contributions of the present study are twofold. First, the study applies
the TTM to understand behavior changes towards disaster preparedness as a dynamic
decision-making process, with the caveat that racial/ethnic disparities impact who is able
to achieve disaster preparedness. Building on this, the second part of this process-oriented
approach integrates TTM with SCT and PMT to examine the roles of SES, disaster
experience, preparedness awareness, and risk perception on behavior changes towards
disaster preparedness and to evaluate the moderating roles of income on this process. Given
this, we anticipate the possible policy implications to include providing new insights as

to how public assistance (e.g., increasing income levels through a cash transfer program)
can effectively address the disaster preparedness needs of vulnerable groups—specifically,
the subset who has developed an intent to prepare yet lacks the resources to achieve
preparedness.

Focusing on the U.S. adult population, this study will address the following three questions:

1. Avre there racial/ethnic disparities in the dynamic process of behavior changes
towards disaster preparedness?

2. If so, to what extent does SES contribute to racial/ethnic disparities in the
dynamic process of behavior changes towards disaster preparedness?

3. To what extent does personal disaster experience, preparedness awareness, self-
efficacy, and risk perception each contribute to the dynamic process of behavior
changes towards disaster preparedness, especially for people at different income
levels?
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To answer these questions, we employed a cross-sectional study design to analyze National
Household Survey (NHS) data (FEMA, 2022) containing individual behavior for disaster
preparedness (N = 6,180). Representing the U.S. adult population in 2021, the NHS data
also includes information on respondents’ demographic and socioeconomic characteristics,
past disaster experience, awareness of preparedness for future disasters, self-efficacy related
to disaster preparedness, and disaster risk perceptions (as discussed in the introduction
section).

Measurement

Outcome Variable—NHS respondents were asked to choose one of the following five
items to describe their disaster preparedness behaviors: 1. “I am not prepared, and | do not
intend to prepare in the next year;” 2. “I am not prepared, but | intend to start preparing

in the next year;” 3. “ | am not prepared but | intend to get prepared in the next six
months;” 4. “I have been prepared for the last year;” 5. “I have been prepared for more
than a year and | continue preparing.” Given this study aims to analyze whether and how
preparedness behavior changes along different developmental stages, we acknowledge that
such changes might be related to a series of hypothetical factors. Rather than predicting
when such changes will occur, we simplified these categorical responses into three ordinal
levels. Specifically, an individual’s behavior is defined as “not prepared” (NP stage) if
his/her response is 1 above; “having an intention to prepare though not prepared yet” (1P
stage) if the response is 2 or 3 above, or “already prepared” (AP stage) if the response is 4 or
5 above.

Covariates—The covariates analyzed in this study can be clustered into three blocks
according to their generic attributes. They are i). demographic characteristics; ii).
socioeconomic status (SES); and iii). disaster experience, awareness for preparedness, self-
efficacy, and risk perception.

Demographic Characteristics.: The NHS contains demographic information from
individual respondents, including racial and ethnic profiles, age, disability information, and
whether they currently live with someone with special needs. Their operational definitions
are as follows.

Race/Ethnicity.: The respondents were asked to self-identify their race and whether

they were of Hispanic origin. We categorized these responses into a nominal variable,
namely race/ethnicity, representing four mutually exclusive categories: White non-Hispanic
(hereinafter referred to as Whites), Black non-Hispanic (hereinafter referred to as Blacks);
Asian non-Hispanic (hereinafter referred to as Asians), and Hispanic (hereinafter referred to
as Hispanics).

Older Adult.: Consistent with the definition of older adults in existing disaster literature
(Ardalan et al., 2011; Pietrzak et al., 2013), a respondent with self-reported age of 60+ is
defined as an “older adult” in this study; otherwise, not an older adult. This dichotomous
variable is coded with values “1=yes” and “0=no.”
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Disability.: The respondents were asked to choose (yes or no) in response to the question,
“Do you have a disability, or a health condition that might affect your capacity to respond
to an emergency situation (a mobility, hearing, vision, cognitive, or intellectual disability
or physical, mental, or health condition).” Accordingly, we operationally defined this
dichotomous variable, with values “1 = yes” and “0 = no”.

Living with someone with special needs.: Similarly, we define the dichotomous variable,
living with someone with special needs, with the coded values of “1 = yes” and “0 = no,”
according to how respondents answer the question of whether they are currently “living with
or have primary responsibility for assisting elderly person or someone with a disability who
requires assistance”.

SES.: The present study investigates the influence of socioeconomic status (SES) on
personal behavior changes that occur in different developmental stages of disaster
preparedness, as well as the impact of SES on possible racial/ethnic disparities in these
changes. Consistent with the operational definition of SES in existing literature (Lindberg
et al., 2022; Muttarak & Pothisiri (2013), our study focuses on two indicators - educational
attainment and income.

Income.: As shown in Table 1, the NHS released household income as a cardinal variable
from “less than $10,000” to “$150,000 or more.” We used it as a categorical variable for
the purpose of reporting the prevalence of different preparedness behaviors across different
income levels (for further detail, see the Statistical Analyses and Table 1). To predict the
outcome variable in relation to the incremental change along household income levels, we
used it as a numerical variable in all regression analyses.

Educational Attainment.: The respondents self-reported their educational attainment,
which, as presented in Table 1, varied from the lowest level of “less than a high

school diploma” to the highest level of “post-graduation degree.” Similarly, we employed
educational attainment as a categorical variable to estimate the national rates of preparedness
behaviors in different developmental stages across these educational attainment levels

(Table 1); and adopted it as a numerical variable to model behavior transitions given the
incremental change in educational attainment in all regression analyses (Tables 2, 3, and 3).

Disaster Experience, Preparedness Awareness, Self-Efficacy, and Risk Perception.: The
NHS also includes a series of questions designed to capture respondents’ personal
experience with disasters, their awareness for preparedness actions, their perceived self-
efficacy, and their risk perceptions. Using these responses, we then operationally defined
each of the relevant variables as detailed below.

Disaster Experience.: The respondents were asked whether they have ever experienced a
disaster, and were asked to respond with yes or no. In order to report the prevalence of
preparedness behaviors contingent upon one’s experience of any type of disaster event, we
define it as a dichotomous variable, namely any disaster experience, with values “1 = yes”
and “0 = no.”
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The respondents who indicated they had experienced a disaster were further asked to specify
what type(s) of disaster they had experienced. The NHS provided these respondents with a
list of 31 specific disaster types (e.g., flooding, drought, earthquake, extreme heat, hurricane,
tornado, tsunamic, wildfire, etc.) and marked each with the values “1 = yes” and “0 = no.”
We added all the “yes” answers together to further define a numerical variable, namely
cumulative disaster experience, or the total number of disaster events a respondent has
experienced. The greater the number, the more disaster events a respondent has experienced.

Preparedness Awareness.: NHS respondents were also asked whether they have “read,
seen, or heard about how to get better prepared for a disaster” for 12 specific items of
preparedness action, with mutually exclusive answers to each itemized question (either “yes
=1” or “no = 07). This included preparedness action items such as “Sign up for Alerts and
Warnings,” “Make a Plan,” and “Know Evacuation Routes.”

To construct a numerical variable, namely preparedness awareness, we summed all “yes”
items for each respondent, as an awareness score (AS). The higher a respondent’s AS,

the higher the level of preparedness awareness this respondent possesses. To estimate the
contingency distribution of preparedness behaviors on any preparedness item a respondent
is aware of, we also define a dichotomous variable, namely any awareness, with values of
“1=yes” if a respondent’s AS = 1, or “0 = no” if the AS = 0.

Self-efficacy.: Respondents were asked “how confident are you that you can take steps to
prepare for a disaster in your area,” and were given the following answers to choose from:
“not at all confident,” “slightly confident,” “somewhat confident,” “moderately confident,”
or “extremely confident.” To determine perceived self-efficacy at three ordinal levels,

we coded this as “low-level” for “not at all or slightly confident” responses, “moderate-
level” for “somewhat or moderately confident” responses, and “high-level” for “extremely
confident” responses.

Risk Perception.: Finally, respondents were asked, “thinking about the area you live in,

how likely would it be for a disaster to impact you?” They were provided the mutually
exclusive choices of “unlikely,” “likely,” or “very likely.” For the convenience of data
interpretation, we coded risk perception at a “low-level” (or “low-risk”) for a “unlikely”
response; a “moderate-level” (or “moderate-risk™) for a “likely” response; and a “high-level”
(or “high-risk™) for a “very likely” response.

Statistical Analyses

We first estimated the weighted prevalence of disaster preparedness behaviors at different
developmental stages upon each categorical covariate, with design-based F statistics
reported in Table 1. We also reported the weighted means of all numerical variables for
each preparedness stage and compared their mean differences using the weighted linear
regressions, as shown in Table 1. As presented in Table 2, we further employed the weighted
generalized ordered logistic regression to estimate unadjusted odds ratios for the behavior
change from NP to either the IP or AP stage, and those ratios for the behavior change from
NP or IP to AP stage, given each covariate. We employed the generalized ordered logistic
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regression to model behavior changes in these developmental stages, not just because the
outcome variable itself is in ordinal scale, but also because it allows us to relax the
proportional odds assumption for using a conventional ordered logistic regression model,
which is both more parsimonious and more interpretable than those fitted by a multinomial
logistic regression model (Williams, 2006).

Building on this, we employed a series of nested weighted generalized ordered logistic
regression models to estimate the likelihood of behavior changing from NP to either IP or
AP, and the likelihood of behavior changing from NP or IP to AP when the covariates were
stepped into three models in a succeeding manner, as presented in Table 3. In Model 1
(Demographics), we report adjusted odds ratios for these behavior changes for racial/ethnic
minorities while controlling for other demographic variables, the results of which provide
direct evidence for answering the first research question. To examine the extent to which
possible racial/ethnic disparities are accounted for by socioeconomic conditions (the second
research question), we observed the adjusted odd ratios in these behavior changes for racial/
ethnic minorities while further controlling for the covariates of educational attainment and
income, as reported in Model 2. Then, to address the first part of research question three,

we estimated the likelihood of these behavior changes given increased levels of disaster
experience, preparedness awareness, self-efficacy, and risk perception (Model 3). To address
the second part of research question three, we estimated the interaction effects of disaster
experience (Model 4), preparedness awareness (Model 5), self-efficacy (Model 6), and risk
perception (Model 7) on different income levels, with their results presented in Table 4.
Given the significant interaction effect found in Model 7, we further calculated the predictive
margins for study groups that had different levels of risk perception when they were at
different income levels; then, plotted and contrasted their probabilities of NP, IP, and AP, as
presented in Figure 1.

Less than 10% of the data used in this study exhibited missing data, including disability
(1.94%), disaster experience (3.07%), preparedness awareness (1.79%), self-efficacy
(1.20%), risk perception (4.54%). To address this, we adopted the list-wise deletion (LWD)
method in all logistic regression analyses (thus with the reduced N = 6,145), for its tolerance
of both missing at random and missing not at random (Allison, 2001). As an additional
check, we also employed the multiple imputation (MI) method (M = 5) to estimate behavior
changes in all multiple regressions. As shown in supplementary Table A and supplementary
Table B, the results of these weighted generalized ordered logistic regressions with Ml are
consistent with those estimated by using the LWD method. All statistical analyses were
carried out using the Stata MP 17 software package.

Table 1 presents two-way analyses of disaster preparedness across three developmental
stages (Not Prepared (NP), Intend to Prepare (IP), and Already Prepared (AP)) in relation to
each covariate. We observed statistically significant disparities in these three stages by race/
ethnicity, older adult status, living with someone with special needs, educational attainment,
household income, disaster experience, preparedness awareness, and risk perception.
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First, the progress of disaster preparedness is significantly different across different racial/
ethnic groups at different developmental stages (p = 0.01). Whites have both the highest
rates of NP (15%, 95% confidence interval (Cl) [13%, 17%]) and AP (46%, 95 CI [44%,
49%]). Asians have the highest prevalence of IP at 50% (95% CI [41%, 58%]) and the
lowest prevalence of AP at 39% (95% CI [31%, 48%]). While Hispanics have the second
highest prevalence rate of IP, (49%, 95% CI [44%, 53%]) and the second lowest prevalence
of AP (40%, 95% CI [36%, 44%]), their weighted estimates are with much narrower
confidence intervals than those parameters for Asians.

Older adults have a much higher prevalence rate of AP (47%, 95% CI [43%, 51%]) than
their younger counterparts (43%, 95% CI [41%, 45%]). Although, across all developmental
stages there is no significant difference between those with a disability and their counterparts
without a disability, a statistically significant difference was observed in preparedness
behaviors between those living with someone with special needs and their counterparts not
living with anyone with special needs (p < 0.001). Specifically, people living with someone
with special needs have substantially higher AP rate (53%, 95% CI [49%, 58%] than their
counterparts (42%, [95% CI: 40%, 44%]), and a significant lower NP rate (10%; 95% CI
[7%, 13%] than their counterparts (14%, 95% CI [13%, 16%)]).

People with higher educational attainment tend to have higher AP prevalence rates. For
example, among people with a post graduate degree the AP prevalence rate is 61% (95%

Cl [57%, 66%]), more than twice as high as the AP rate among their counterparts without

a high school diploma (30%, 95% CI [24%, 38%]). Similarly, people with higher levels of
household income tend to be better prepared for disasters. For example, the AP prevalence
rate among those with household income at $150,000 or more (54%, 95% CI [48%, 59%)]) is
nearly twice as high as the AP rate achieved by their counterparts with the household income
level between $10,000 and $19,999 (31%; 95% CI [25%, 37%)]).

People who have experienced at least one disaster event not only have a much higher AP
prevalence rate (53%, 95% CI [50%, 55%]) than their counterparts who did not have any
experience of a disaster event (35%, 95% CI [33%, 38%]), but also have a much lower NP
prevalence rate (8%, 95% CI [6%, 8%]) than their counterparts (20%, [17%, 22%]). People
with preparedness behaviors in the AP stage have the highest mean value for total number
of disaster events they have experienced (M = 2.76; 95% CI [2.57, 2.95], followed by those
with preparedness behaviors in the IP stage (M = 1.98, 95% CI [1.82, 2.14], and those in
the NP stage (M = 1.19, 95% CI [0.86, 1.37]). We then utilized a simple weighted linear
regression and determined that the mean differences are statistically significant between
those in the AP stage and those in the NP stage (6= 1.64, p < 0.001), as well as between
those in the IP stage and those in the NP stage (6= 0.86, p < 0.001).

The prevalence of AP among respondents who have been aware of at least one item of
disaster preparedness (48%, 95% CI [46%, 50%]) is more than four times higher than

that of those who have not been aware of any item of preparedness (11%, 95% CI [7%,
16%]). People whose preparedness behaviors were in the AP stage have the highest mean in
terms of total number of items of preparedness awareness (M = 5.65, 95% CI [5.47, 5.83]),
followed by those in the IP stage (M = 4.70, 95% CI [4.51, 4.89], and those in the NP stage
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(M =2.42,95% ClI [2.09, 2.76]). We again used a simple weighted linear regression and
found the mean differences between them are statistically significant (AP vs. NP: b=3.22, p
<0.001; IP vs. NP: b=2.28, p < 0.001).

Finally, people with high-risk perceptions have the highest prevalence of AP (56%, 95%
Cl [52%, 60%]), and the lowest prevalence of NP (9%, 95% CI [7%, 12%]). In contrast,
people with low-risk perceptions have the lowest prevalence of AP (37%, 95% CI [33%,
41%]) and the highest rate of NP (25%, 95% CI [21%, 29%]). It is also noted that people
with moderate-risk perceptions have the highest prevalence rate of IP (48%, 95% CI [45%,
51%]).

Table 2 reports unadjusted odds ratios (OR) of a). the behavior change from the NP stage
to the IP or AP stage (departing from the NP stage to either the IP or AP stage); and b).

the behavior change to the AP stage from either the IP or NP stage (in other words, arriving
at the AP stage regardless of departing from the IP or NP stage), respectively. The odds of
achieving AP for Hispanics are more than 21% lower than that for their white counterparts,
at a statistically significant level (OR = 0.79, 95% CI [0.63, 0.98]). Asians are less likely
than their white counterparts to advance to the AP stage (OR =0.79, 95% CI [0.53, 1.19]),
although they are more likely than their counterparts to depart from NP stage (OR = 2.47,
95% CI [1.20, 5.09]).

Educational attainment significantly contributes to both behavior changes in departure from
the NP stage (OR = 1.14, 95% CI [1.04, 1.25]) and in arrival at the AP stage (1.18, 95%

CI [1.12, 1.24]). Individuals with higher income levels are more likely to advance to the AP
stage at a highly statistically significant level (OR =1.12, 95% CI [1.08, 1.16]). As detailed
in Table 2, cumulative disaster experience, preparedness awareness, self-efficacy, and risk
perception each significantly facilitates preparedness behavior changes in departure from the
NP stage and in arrival at the AP stage.

Table 3 presents adjusted odds ratios (AOR) for all covariates that were stepped into three
generalized ordered logistic regression models in a succeeding manner. Model 1 shows that,
while controlling for other demographic variables, Hispanics are still significantly less likely
than Whites to advance to the AP stage (AOR = 0.79, 95% CI [0.63, 0.99]). In contrast to
people without a disability, people with a disability are less likely to make it to the AP stage
(AOR =0.77, 95% CI [0.61, 0.96]) when controlling for other demographic characteristics.
Compared with those who aren’t residing with someone with special needs, people living
with someone with special needs are not just significantly more likely to depart from the NP
stage (AOR =1.51, 95% CI [1.06, 2.15]), they are also more likely to arrive at the AP stage
(AOR =1.71, 95% CI [1.37, 2.15]).

While controlling for all demographic variables, the results of Model 2 first suggest higher
educational attainment still significantly contributes to both behavior changes in departure
from the NP stage (AOR = 1.14, 95% CI [1.02, 1.27]) and in arrival at the AP stage (AOR =
1.11, 95 % CI [1.04, 1.18]). Second, with increased income levels, people are more likely to
advance to the AP stage at a highly statistically significant level (AOR = 1.08, 95% CI [1.04,
1.13]); however, increasing income levels alone does not significantly influence behavior
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change to have such an intention to do so (AOR = 1.01, 95% CI [0.94, 1.08]). Third,

with the addition of SES indicators, neither Hispanics nor those with disability status had a
significant odds ratio in any transitions across the developmental stages. This could, perhaps,
be due to disparities in SES among study group members who are in different racial/ethnic
groups and have different disability statuses. Assuming this, we ran two additional weighted
linear regressions to estimate educational attainment and income levels, respectively, using
all demographic variables as predictors. These results can be seen in the supplementary
Table C and suggest that Hispanics and people with a disability indeed have lower SES than
their counterparts, respectively (p < 0.001).

The results in Model 3 indicate that cumulative disaster experience, preparedness awareness,
self-efficacy, and risk perception significantly contribute to advancing across developmental
stages for disaster preparedness. People who experienced more disaster events (AOR = 1.08,
95% CI [1.01, 1.16]) and people with higher levels of preparedness awareness (AOR = 1.34,
95% CI [1.24, 1.44]) were relatively more likely to depart from the NP stage, and also
relatively more likely to arrive at the AP stage (Disaster experience: AOR = 1.07, 95% CI
[1.01, 1.08]; Awareness: AOR =1.11, 95% CI [1.07, 1.14]). In contrast to people with low
levels of self-efficacy, people with moderate and higher levels of self-efficacy were not just
more likely to depart from the NP stage (Moderate level: AOR = 2.82, 95% CI [2.03, 3.93];
High level: AOR =4.08, 95% CI [2.67, 6.21]), but were also more likely to arrive at the

AP stage (Moderate level: AOR = 2.58, 95% CI [1.94, 3.43]; High level: AOR = 6.83, 95%
Cl [4.94, 9.45]). Compared to their counterparts with low-risk perceptions, both people with
moderate-risk perceptions (AOR = 2.76, 95% CI [1.98, 3.83]) and people with high-risk
perceptions (AOR = 2.33, 95% CI [1.59, 3.42]) are more likely to depart from the NP stage.
Nevertheless, only those with high-risk perceptions are significantly more likely to arrive at
the AP than their counterparts (OR = 1.56, 95% CI [1.20, 2.05]).

Compared with the results in Model 2, the estimates of departing from the NP stage for
Asians, Hispanics, and Blacks in Model 3 are much more significant (Asians: AOR =

3.21, 95% CI [1.51, 6.83]; Hispanics: AOR = 1.49, 95% CI [1.02, 2.19]; Blacks: AOR =
1.58, 95% CI [0.95, 2.62]). Such observed phenomena may be due to these racial/ethnic
minority groups experiencing fewer disaster events; having lower levels of preparedness
awareness; and/or having higher-risk perceptions than their white counterparts. To test these
assumptions, we employed two weighted multiple linear regressions to predict “Cumulative
disaster experience (Total number of disaster events experienced)” and “Preparedness
Awareness,” respectively; then, using other covariates as predictors, we adopted two
generalized ordered logistic regressions to estimate the increased likelihood associated with
“Self-Efficacy” and “Risk Perception,” respectively. As the statistical results reported in
supplementary Table D show, Hispanics (6= —0.59, p < 0.01) and Asians (6= -0.48, p

= 0.06) are more likely to experience fewer disaster events than their white counterparts.
Blacks (6= -0.54, p = 0.02) and Hispanics (6= —-0.29, p = 0.08) have much lower levels

of preparedness awareness than Whites. Further, in contrast to their white counterparts,
Blacks and Hispanics are more likely to have higher risk perception levels (detailed in
Supplementary Table D).
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Table 4 further presents the results of four interaction effects: income and disaster
experience (Model 4); income and preparedness awareness (Model 5); income and self-
efficacy (Model 6), and income and risk perception (Model 7). None of these are statistically
significant, aside from high-risk perceptions and higher levels of income, which, together,
jointly changes people’s preparedness behavior to the AP stage (AOR = 1.14, 95% CI [1.03,
1.27]).

Figure 1 visually presents the predictive margins of NP (A), IP (B), and AP (C) for people
with different levels of risk perceptions when their incomes are varied from the lowest level
(< $10k) to the highest level (= $150Kk). Figure 1 (A) depicts that for people with increased
income levels, the probabilities of NP for people with low-risk perceptions are /increased
while that for people with high-risk perceptions are decreased. For example, when income
is increased to $150,000 or higher, the mean probability of NP for people with low-risk
perceptions (Pr = 0.22, 95% CI [0.16, 0.28]) is significantly higher than that for people
with moderate-risk perceptions (Pr = 0.10, 95% CI [0.07, 0.13]) or people with high-risk
perceptions (Pr = 0.09, 95% CI [0.05, 0.13]). Figure 1 (B) indicates that for people with
increased income levels, the probability of IP is decreased across all three risk perception
groups (low, medium, and high), though this is not statistically significant at any income
level. Figure 1 (C) shows that along with increased income levels, the probability of AP
increases dramatically for both the high- and moderate-risk perception groups, yet decreases
for the low-risk perception group. When income is increased to $150,000 or higher, the
mean probability of AP for people with high-risk perceptions (Pr = 0.60, 95% CI [0.53,
0.66]) is significantly higher than for people with low-risk perceptions (Pr = 0.41, 95% CI
[0.34, 0.48]).

Conclusion and Discussion

Through integrating TTM with SCT and PMT and employing generalized ordered logistic
regressions to examine and measure individual behavioral transitions, this population study
identified a series of risk and protective factors associated with the dynamic process

of human behavior changes towards disaster preparedness. Turning to the first research
question, results suggest that, on a nationwide scale, although Hispanics are more likely
than their non-Hispanic white counterparts to depart from the NP stage, they are less
likely than their counterparts to take action to prepare for disasters. The latter part of

this finding is consistent with the existing literature on ethnic disparities in disaster
preparedness as identified in five selected states (Ablah, et al, 2009). Moving to the second
research question, our findings demonstrate that ethnic disparities in disaster preparedness
are largely due to socioeconomic inequalities (i.e., educational attainment and income).
Importantly, household income plays differentroles in the disaster preparedness decision-
making process. With increased income levels, people were more likely to take action to
prepare for disasters, though they did not necessarily have the intention to do so. When the
effects of disaster experience(s), preparedness awareness, self-efficacy, and risk perception
are isolated, as presented in statistical Model 3, increasing income levels will decrease the
likelihood of behavior change in departure from the NP stage, though not at a statistically
significant level.
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Turning to the first part of the third research question, we found that people who experienced
more disaster events developed higher levels of disaster preparedness awareness, and
coupled with moderate or high levels of self-efficacy, they were not only more likely to

have an intention to prepare, but also more likely to take action to do so. Finally, and most
importantly, for individuals with high-risk perceptions, increased income results in taking
action to prepare for future disaster(s). However, this moderated effect is not present in
people with low and moderate risk perception levels.

Furthermore, our study first documented that among people not prepared for a disaster,
those who live with and have the primary responsibility of taking care of someone with
special needs, is more likely to contemplate preparing for disaster and then to convert this
contemplation into action. Perhaps, primary caretakers’ relatively advanced preparedness
behaviors can be explained by findings from this study showing that i). they endure more
disaster events (6= 0.51, p < 0.01); and/or, ii). they are more likely to perceive higher
levels of risk than their counterparts (low to moderate or high levels: AOR = 1.82, 95% Cl
[ 1.30, 2.54]; low or moderate to high levels: AOR = 1.50, 95% CI [1.19, 1.89], detailed in
supplementary Table D).

By integrating SCT and PMT, our study enriches the application of TTM in studying
human behavior for disaster preparedness. Developing a parsimonious theoretical model
with an ascending order for behavior changes allowed us to provide evidence that individual
preparedness for all types of disaster scenarios is a dynamic process whereby an individual
moves from “not prepared” (NP), to “intention to prepare” (IP), then to the “already
prepared” (AP) stage. Human behavior changes towards disaster preparedness along these
developmental stages can be sufficiently explained using both SCT and PMT. In detail,
preparedness behaviors at the individual level can be regulated by an individual’s behavioral
capabilities, understanding of essential knowledge and skills, and access to resources
(educational attainment and income). It can also be learned through prior experience
(disaster experience) or acquired through observational learning (preparedness awareness),
and can be facilitated by an individual’s self-efficacy for disaster preparedness. Along this
dynamic process, individuals with relatively higher levels of risk perception are more likely
to begin to contemplate and to make decisions to protect their properties and themselves.
Moreover, enhancing behavioral capability through expanding access to resources (i.e.,
increasing income) can boost the realization of taking action (or reaching the AP stage)
among the individuals with high-level of risk perception.

Despite these important findings, our study is not without limitations. First, the major

focus of this U.S. population study is to develop a theory-based model of human behavior
change for protecting life and property in a//hazardous situations. Hence, we did not
evaluate personal preparedness behavior for any specific hazards, which could be performed
differently among different subpopulations with different emergent conditions. For example,
older adults using electrically powered medical devices might be more sensitive to the
hazard of a power outage (Al-rousan, et al, 2015). Future studies should further investigate
the extent to which preparedness behavioral changes among older adults for this particular
emergent crisis are associated with the risk and protective factors identified in our study.
Second, although we identify a series of risk and protective factors associated with

Int J Disaster Risk Reduct. Author manuscript; available in PMC 2024 December 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ma et al.

Page 17

preparedness behaviors along the developmental stages, pathways associated with behavioral
changes should be further examined. For example, it is possible that personal disaster
experience triggers preparedness awareness, which, in turn, could direct behavior changes
towards preparedness. It is also reasonable to speculate that personal disaster experience
leads to high-levels of risk perception, which ultimately contributes to behavioral changes
once income is sufficient. Future studies should test these hypotheses by using path analysis,
especially when panel data is available. Finally, the 2021 National Household Survey

listed 12 preparedness actions and asked the respondents whether they had taken action

on each of them. These actions, for example, are “make your home safer,” “save for a

rainy date,” and “test family communication plan.” A recent report by FEMA (2022) reveals
that correspondingly, 45% of respondents made their home safer; 44% saved for a rainy

day; and 25% tested family communication plan. Future studies should adopt the present
process-oriented approach to further examine the dynamic behavior changes towards each of
these specific preparedness items.

Nevertheless, this is the first national study to investigate individual behavior changes
towards disaster preparedness in ascending stages in relation to social vulnerability, disaster
experience, preparedness awareness, self-efficacy, and risk perception level. Given study
findings, we propose a series of comprehensive policy interventions.

First, increasing the actual capabilities of socially vulnerable groups to prepare for disaster
by instituting /ncome redistribution is exigent. Cash-transfer projects such as Mayors for
Guaranteed Income (MGI, 2021) have been tested as an effective intervention to change
health and behavior outcomes among socially vulnerable groups. Mayors in disaster-prone
communities might consider adding the aim of disaster preparedness to future cash-transfer
projects. Second, to enhance awareness of disaster preparedness, social/observational
learning opportunities for community members should be provided in both quantity and
quality. For example, to build “a culture of preparedness” among citizens, FEMA launched
the Community Emergency Response Team (CERT) program in all states to educate
volunteers about disaster preparedness for hazards that may uniquely occur where they

live. Although there are 2,700 unique CERT programs at the community level and more than
600,000 people have been trained (FEMA, 2022), capacity across participating communities
is not equal. For example, Flint and Stevenson (2010) reported that urban or suburban
Illinois CERT programs often have a larger infrastructure and more resources, while rural
CERT program coordinators more readily acknowledge that resources may not be able

to cover all community members, even following a major disaster. Finally, to maximize

the effectiveness of a possible policy intervention (e.g., the MGI cash-transfer projects as
discussed above), people with high risk perception levels should be prioritized to receive
financial resources to support their preparedness activities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Predictive Margins of Not Prepared (NP), Intend to Prepare (IP), and Already Prepared (AP)

with 95% Confidence Intervals.
Note

. Pr = Probability.
. Whiskers indicate 95% confidence intervals.
. Household Income
1. less than $10,000
$100,000 to $19,999
$20,000 to $29,999
$30,000 to $39,999
$40,000 to $49,999
$50,000 to $59,999
$60,000 to $99,999
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8. $100,00 to $149,999
9. $150,000 or more
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Two-way Analyses of Disaster Preparedness Stages in relation to Demographic Characteristics, SES, Disaster
Experience, Preparedness Awareness, Risk Perception, and Self-Efficacy

Disaster Preparedness Stages

Not Prepared (NP stage) Intend to Prepare (IP stage) Already Prepared (AP stage) Total
95% CI | % 95% Cl % 95% Cl % Obsli
Race/Ethnicity

White, non-Hispanic 15 [13-17] 39 [37-42] 46 [44-49] 100 4,232
Black, non-Hispanic 11 [08-16] 46 [40-52] 43 [37-49] 100 642
Asian, non-Hispanic 11 [7-18] 50 [41-58] 39 [31-48] 100 316
Other, non-Hispanic 13 [7-23] 47 [36-57] 41 [31-51] 100 262
Hispanic 11 [09-15] 49 [44-53] 40 [36-44] 100 1,358
Total 14 [12-15] 42 [40-44] 44 [42-46] 100 6,810
Design-based F (7.92 53936.53) = 2.4608 Pr =0.012

Older adult
No 13 [11-15] 44 [42-46] 43 [41-45] 100 4,974
Yes 15 [13-18] 38 [34-42] 47 [43-51] 100 1,836
Total 14 [12-15] 42 [40-44] 44 [42-46] 100 6,810
Design-based F (2.00 135997) = 3.5752 Pr = 0.028

Disability
No 13 [12-15] 42 [40-44] 45 [42-47] 100 4,876
Yes 16 [13-20] 42 [37-47] 42 [38-47] 100 1,934
Total 14 [12-15] 42 [40-44] 44 [42-46] 100 6,810
Design-based F (1.99 13559.45) = 1.2874 Pr = 0.276

Living with someone with special needs
No 14 [13-16] 43 [41-46] 42 [40-44] 100 5,115
Yes 10 [07-13] 37 [32-42] 53 [49-58] 100 1,563
Total 13 [12-15] 42 [40-44] 44 [42-46] 100 6,678
Design-based F (2.00 13341.74) = 9.4601 Pr < 0.001
Educational attainment

(Education)
Less than high school diploma 24 [18-31] 46 [39-54] 30 [24-38] 100 184
High school degree or diploma 13 [11-16] 47 [43-51] 40 [37-44] 100 1,268
Some college, no degree 12 [10-15] 43 [39-47] 45 [41-49] 100 1,444
Associate’s degree 16 [12-21] 40 [34-46] 44 [39-50] 100 788
Bachelor’s degree 12 [9-15] 41 [37-45] 47 [43-51] 100 1,601
Post graduate degree 8 [6-11] 31 [27-35] 61 [57-66] 100 1,525
Total 14 [12-15] 42 [40-44] 44 [42-46] 100 6,810
Design-based F (8.91 60659.88) = 8.0092 Pr < 0.001

Household income (Income)

Less than $10,000 19 [13-27] a7 [39-56] 33 [26-41] 100 468
$10,000 to $19,999 18 [13-24] 51 [45-58] 31 [25-37] 100 580
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Disaster Preparedness Stages
Not Prepared (NP stage) Intend to Prepare (IP stage) Already Prepared (AP stage) Total
% 95% CI | % 95% Cl % 95% Cl % Obsli
$20,000 to $29,999 15 [11-20] 46 [39-52] 39 [34-46] 100 723
$30,000 to $39,999 11 [8-16] 48 [42-55] 41 [35-47] 100 602
$40,000 to $49,999 11 [08-15] 42 [35-48] 48 [41-54] 100 573
$50,000 to $59,999 14 [10-19] 48 [42-55] 38 [32-44] 100 606
$60,000 to $99,999 12 [10-16] 43 [39-47] 45 [41-49] 100 1,489
$100,000 to $149,999 13 [10-17] 35 [30-40] 52 [47-57] 100 1,028
$150,000 or more 12 [9-17] 34 [29-39] 54 [48-59] 100 741
Total 14 [12-15] 42 [40-44] 44 [42-46] 100 6,810
Design-based F (15.67 106711.83) = 3.6973 Pr < 0.001
Experienced with any disaster event (Any experience)
No 20 [17-22] 45 [42-48] 35 [33-38] 100 2,669
Yes 8 [6-8] 40 [37-43] 53 [50-55] 100 3,932
Total 13 [12-14] 42 [40-44] 45 [43-47] 100 6,601
Design-based F (2.00 131706) = 53.7319 Pr < 0.001
At least one item for disaster preparedness (Any awareness)
Not Aware at all 54 [47-61] 35 [28-42] 1 [07-16] 100 416
Aware of at least one item 10 [9-11] 43 [41-45] 48 [46-50] 100 6,272
Total 13 [12-14] 42 [40-44] 45 [43-47] 100 6,688
Design-based F (1.98 13238.29) = 161.0724 Pr < 0. 001
Self-Efficacy
Low 28 [24-33] 51 [46-56] 20 [17-25] 100 1,023
Moderate 1 [9-13] 48 [45-50] 41 [39-44] 100 3,961
High 8 [6-10] 23 [38-43] 69 [65-73] 100 1,744
Total 13 [11-14] 42 [40-44] 45 [43-47] 100 6,728

Design-based F(3.9926815.80) = 70.5914 Pr < 0.000

Risk perception

Low 25 [21-29] 38 [34-42] 37 [33-41]
Moderate 9 [8-11] 48 [45-51] 43 [40-46]
High 9 [7-12] 35 [31-38] 56 [52-60]

Total 13 [12-14] 42 [40-44] 45 [43-47]

100
100
100
100

1,263
3,093
2,145
6,501

Design-based F (3.99 25926.63) = 31.7148 Pr < 0. 001

Total number of disaster events experienced (Cumulative disaster experience)

Int J Disaster Risk Reduct. Author manuscript; available in PMC 2024 December 11.

1.19 [0.86-1.37] 1.98 [1.82-2.14] 2.76 [2.57-2.95]
Total 2.15[2.04-2.27] 6,601
Reference group /7 0.86™** 1.64%>*
Total items of disaster preparedness (Preparedness awareness)
2.42 [2.09-2.76] 4.70 [4.51-4.89] 5.65 [5.47-5.83]
Total 4.72 [4.59-4.84] 6,688
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Disaster Preparedness Stages

Not Prepared (NP stage) Intend to Prepare (IP stage) Already Prepared (AP stage) Total
% 95% CI | % 95% ClI % 95% ClI % Obsli
Reference group 2.08%** 3.02%*

i ] .
95% Confidence Interval in brackets.
il .
Observations
i, . . . . . . . .
“Not prepared” is used as a reference group in the weighted linear regression, with an outcome variable of “Experience”.

I, . . . . . . .
“Not prepared” is used as a reference group in the weighted linear regression, with an outcome variable of “Awareness”.
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Estimating Behavior Changes for Disaster Preparedness by using Simple Generalized Ordered Logistic

Regressions

Table 2.

(N=6,145)

Disaster Preparedness Stages

VARIABLES NP stage to IP or AP stage ! NP or IP stage to AP stage
ORIl OR
Race/Ethnicity
White, non-Hispanic” 7
Black, non-Hispanic 1.35 0.86
[0.82-2.21] ¥ [0.66 - 1.14]
Asian, non-Hispanic 2477V 0.79
[1.20-5.09] [0.53-1.19]
Other, non-Hispanic 0.96 0.79
[0.44 - 2.11] [0.49 - 1.26]
Hispanic 122 0.797%*
[0.84 - 1.78] [0.63 -0.98]
Constant 6.80 % 0.94
[5.81 - 7.96] [0.84 - 1.04]
Older adult
No”
Yes 0.75% 111
[0.57 - 1.00] [0.92 - 1.34]
Constant 812" 0.84™
[6.91 - 9.54] [0.77 - 0.93]
Disability
No”
Yes 0.79 0.90
[0.57 - 1.10] [0.73-1.13]
Constant 7747 0.88”"*
[6.68 - 8.97] [0.81 - 0.96]
Living with someone with special needs
No~
Yes 143" 159"
[0.98 - 2.07] [1.28-1.97]
Constant 7.05%* 080
[6.10 - 8.14] [0.73-0.88]

Education
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Disaster Preparedness Stages
VARIABLES NP stage to IP or AP stage ! NP or IP stage to AP stage
oRli OR

1147 1.18™*
[1.04 - 1.25] [1.12-1.24]

Constant 4.90 *AX 0.50 xAX
[3.47-6.91] [0.40 - 0.62]

Income

105 112
[0.99-1.11] [1.08 - 1.16]

Constant 5.69 " 0.45™"*
[4.00 - 8.10] [0.36 - 0.57]

Cumulative disaster experience

1 19 HAA 1 11 Ak A
[1.11-1.28] [1.07 - 1.14]

Constant 5.49 *AK 0.69 xAX
[4.66 - 6.46] [0.62-0.77]

Preparedness awareness

1 40 Ak 1 16 Ak
[1.30 - 1.51] [1.13-1.19]

Constant 209 042"
[1.65 - 2.65] [0.36 - 0.49]

Self-Efficacy
Low »

Moderate 2.997*** 127
[2.20 - 4.08] [1.03 - 1.58]

High 3.09™ 216
[2.18 - 4.39] [1.70 - 2.74]

Constant 3.46 xAA 0.62 FAA
[2.79 - 4.28] [0.52-0.74]

Risk perception
Low ~

Moderate 3487 2877
[2.56 - 4.74] [2.16 - 3.81]

High 6.04*** 9.20***
[3.96 - 9.23] [6.70 - 12.64]

Constant 253 xAA 0.26 FAA
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Disaster Preparedness Stages
VARIABLES NP stage to IP or AP stage ! NP or IP stage to AP stage
oRli OR
[1.97 - 3.25] [0.20 - 0.34]

INP: Not Prepared; IP: Intend to Prepare; Already Prepared.
”Odds ratio.
"Reference group.
v "
95% Confidence Interval.

Vix n<0.01, ** p<0.05, * p<0.1.
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