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Abstract This study adopted an extended theory of plan-

ned behavior to understand how risk perception affected

disaster preparedness behavior. An intercept survey (N =

286) was conducted at a typhoon-prone district of Hong

Kong, China in 2019, then the data were analyzed using

structural equation modeling. The results indicated that risk

perception and intention of preparedness were predictors of

disaster preparedness behavior. Risk perception signifi-

cantly affected intention of preparedness and the effect was

partially mediated by subjective norm. Risk perception also

significantly affected attitude and perceived behavioral

control, but attitude and perceived behavioral control were

not significantly correlated with intention of preparedness.

Not only may this study supplement the existing literature

of disaster preparedness toward typhoons, but also it pro-

vides insights for the planning and management of natural

hazards and disaster risk reduction in Hong Kong.

Keywords Disaster preparedness behaviour � Hong
Kong � Risk perception � Structural equation
modelling � Theory of planned behaviour � Typhoon
preparedness

1 Introduction

Tropical cyclones, also known as typhoons in Asia or

hurricanes in North America, refer to intense low-pressure

systems observed in tropical and subtropical oceans.

Tropical cyclones bring strong winds and torrential rains

that may directly result in physical destruction, they may

further cause flooding, landslides, and storm surge that lead

to sequential impacts on the affected areas. Globally,

tropical cyclones are responsible for the largest proportion

of mortality and economic loss among various meteoro-

logical hazards (Fok and Cheung 2012), although a

decreasing trend of mortality was observed in the past 70

years (Doocy et al. 2013).

Typhoons are the most common natural hazard in sub-

tropical East Asia (Fok and Cheung 2012). On average,

Hong Kong is affected by approximately five typhoons

every year (Hong Kong Observatory 2020). In Hong Kong,

typhoons have caused the most casualties and damages

among various natural hazards (Johnson et al. 2016). From

1980 to 2010, on average, the annual mortality and eco-

nomic damage are 2.6 people and USD 8.1 million,

respectively (Fok and Cheung 2012).

Hong Kong, like many coastal cities in China and

around the world, is predicted to be at risk of climate

change (Sundermann et al. 2013). Specifically, global

warming is expected to increase the frequency and inten-

sity of typhoons in the West Pacific (Webster et al. 2005),

and Hong Kong has already experienced an increasing

trend of extreme typhoons brought by global warming. In

the past 40 years, only two signal no. 10 typhoons1

occurred from 1980 to 2010. However, there were three

signal no. 10 typhoons in the last decade (that is, 2012,

2017, and 2018).

Facing the challenges of typhoons, a considerable

number of studies have examined their physical attributes,
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1 A warning signal is hoisted if a tropical cyclone approaches within

a distance of 800 km to Hong Kong. Signal no. 10 represents the

highest level of typhoon intensity.
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including number, duration, and intensity (Webster et al.

2005; Lam and To 2009). These studies help predict the

future occurrence of typhoons in Hong Kong so that pos-

sible mitigation plans and measures can be formulated.

However, the need for proactive strategies and measures of

risk reduction aiming to reduce hazard vulnerability in the

process of disaster management is equally important

(UNISDR 2015; Paton 2019).

Disaster preparedness refers to activities and measures

taken in advance to ensure an effective response to the

impact of hazards (Paton 2019; Dasgupta et al. 2020).

Preparedness increases people’s capacity to cope, adapt,

respond, and recover when disaster strikes. Consequently,

the costs of natural hazard-related disasters can be reduced

(Paton 2019). Yet, disaster preparedness is one of the

weakest links in the risk management system of Hong

Kong. One local study indicated that 69% of residents took

no precautions even when they were aware of a severe

weather warning (Wong and Yan 2002). Another local

study indicated that only 22.4% of the respondents were

prepared for natural hazard-related disasters (Loke et al.

2010).

Although these studies are valuable in understanding the

situation of personal preparedness toward typhoons in

Hong Kong, our knowledge is limited to the description of

the phenomena. To promote personal preparedness in

society, it is necessary to understand the factors that

motivate or inhibit disaster preparedness behavior (Najafi

et al. 2017). However, the majority of previous studies of

disaster preparedness behavior were lack of underpinned

theory. Furthermore, vulnerable people deserve more

attention as they may need extra assistance during disas-

ters, but very few studies have been conducted to investi-

gate them (Kuran et al. 2020).

With the above considerations in mind, this study

adopted an extended theory of planned behavior (Ajzen

1991) to investigate the disaster preparedness behavior of

typhoon-vulnerable people in Hong Kong, using first-hand

data from an intercept survey conducted on the streets of

Kwun Tong district from December 2018 to May 2019.

Not only may this study supplement the body of knowledge

on disaster preparedness toward typhoons, but also it pro-

vides a reference for the development of effective man-

agement of typhoon disasters in Hong Kong and other

coastal cities in Asia.

2 Literature Review

The theory of planned behavior and risk perception have

been used to explain goal-directed behaviors (Ajzen 2011)

and disaster preparedness, respectively. To the best of my

knowledge, there is no attempt to incorporate risk

perception into the theory of planned behavior to under-

stand an individual’s disaster preparedness behavior toward

typhoons. To lay the theoretical foundation, the key con-

cepts and related studies are first summarized by reviewing

the existing literature of behavioral sciences and hazard

management. Along with the formulation of hypotheses,

the integration of the theory of planned behavior and risk

perception is elaborated.

2.1 Disaster Preparedness Behavior and the Theory

of Planned Behavior

Disaster preparedness behavior refers to the personal

undertaking of activities or measures before a hazard event

in order to mitigate the severity of disaster impacts (Das-

gupta et al. 2020). Although the connotations of disaster

preparedness behavior are varied in time, place, and type of

natural hazard (Fung and Loke 2010), two common com-

ponents can be found in the majority of existing literature:

preparing an emergency kit and making an emergency plan

(Paul and Bhuiyan 2010; Kohn et al. 2012; Lam et al.

2017). The emergency kit usually refers to a package of

items for survival, such as clean water, food, and first-aid

supplies (Fung and Loke 2010). The emergency plan refers

to specific procedures for handling sudden or unexpected

situations (Bhanumurthy et al. 2015). Considering the

urban context of Hong Kong, a simple first-aid kit is suf-

ficient for typhoon preparedness (Chan et al. 2016). While

formal emergency plans may not be necessary (Lam et al.

2017), the plan may refer to the consent of family mem-

bers, for example, going out with an umbrella or simply

canceling the trip according to the weather condition.

The performance of disaster preparedness behavior, like

other environmental behaviors, is controlled by various

factors, but the process is still not well understood (Najifi

et al. 2017). Therefore, it is preferable to adopt a behavioral

model to guide the research (Najafi et al. 2018). Many

behavioral models have been developed to understand and

predict human behavior. Among them, the theory of

planned behavior is the most influential and widely used

model (Ajzen 2011). The theory of planned behavior has

two central propositions. First, an individual’s intention is

the immediate cause for the performance of a given

behavior. Second, intention is determined by three pre-

ceding motivational factors, namely attitude, subjective

norm, and perceived behavioral control (Ajzen 1991).

Intention refers to the voluntary decision to perform a

particular behavior or take an action (Sheeran 2002). In a

meta-analysis that included 422 studies of intention and

behavior relations in various contexts, the mean correlation

between intention and behavior was 0.53 (Sheeran 2002).

Another meta-analysis including 206 independent studies

reported a mean correlation of 0.43 (McEachan et al.
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2011). Because the predictive power of intention was

usually higher than socio-demographic and other behav-

ioral factors, many studies considered intention as a proxy

measure of the actual behavior (for example, Jang et al.

2016).

In the theory of planned behavior, attitude is the first

construct affecting intention. Attitude refers to the extent to

which a person develops a positive or negative perception

toward a given behavior (Ajzen 1991). Attitude may be

categorized as cognitive (that is, beliefs or knowledge

about an attitude object), affective (that is, the feelings or

emotions toward an object), and behavioral (that is, the

way that a person has influenced his or her behavior)

(Eagly and Chaiken 2007). Significant associations

between attitude and intention can be found in various

settings and contexts, which is evident from a large number

of published works.

The second construct is subjective norm, which reflects

a person’s perceptions of how others expect him or her to

behave (Ajzen 1991). Subjective norm consists of injunc-

tive (that is, how the social network wants this person to

behave) and descriptive (that is, the behavior of the social

network) components (Daellenbach et al. 2018).

The last construct, perceived behavioral control, is the

volitional factor in the theory of planned behavior. It

incorporates a person’s perception of his or her capacity or

control over the behavior (Ajzen 1991). Perceived behav-

ioral control consists of internal (that is, self-efficacy; the

belief for a person to be capable of performing a given

behavior) and external (that is, perceived controllability;

the barriers to performing a given behavior) components

(Ajzen 2002). Manstead and van Eekelen (1998) indicated

that self-efficacy mainly affected intention and perceived

controllability influenced behavior, respectively. There-

fore, perceived behavioral control affects both behavioral

intention and actual behavior (Ajzen 1991, 2002).

In a meta-analysis that included 185 independent studies

using the theory of planned behavior to predict human

behaviors in various contexts, the mean correlation

between intention and attitude was 0.49, that of subjective

norm was 0.34, and that of perceived behavioral control

was 0.43, respectively (Armitage and Conner 2001).

In the context of hazard studies, the theory of planned

behavior had been successfully used to explain the

behavioral adjustments related to natural hazards (for

example, earthquakes (Najafi et al. 2017), and typhoons

(Dasgupta et al. 2020)), and threats of anthropogenic ori-

gins (for example, terrorist attacks (Tan et al. 2020)).

Based on the theory of planned behavior, this study

formulated five hypotheses:

Hypothesis 1 Intention of typhoon preparedness posi-

tively affects disaster preparedness behavior toward

typhoons.

Hypothesis 2 Attitude toward typhoon preparedness

positively affects intention of typhoon preparedness.

Hypothesis 3 Subjective norm of typhoon preparedness

positively affects intention of typhoon preparedness.

Hypothesis 4 Perceived behavioral control of typhoon

preparedness positively affects intention of typhoon

preparedness.

Hypothesis 5 Perceived behavioral control of typhoon

preparedness positively affects disaster preparedness

behavior toward typhoons.

2.2 Risk Perception and Disaster Preparedness

Behavior

Despite the success of the theory of planned behavior,

some researchers, for example, Sommestad et al. (2015),

questioned whether the three variables in the model—at-

titude, subjective norm, and perceived behavioral control—

were sufficient to predict intention. As a response to the

challenge, Ajzen (1991) indicated that the theory of plan-

ned behavior was open to the inclusion of additional

variables, when they made significant and distinct

contributions.

In the context of disaster preparedness behavior, risk

perception is central to a large number of previous studies

of disaster preparedness (Paul and Bhuiyan 2010; Shreve

et al. 2016). The popularity of risk perception speaks for its

potential to extend the theory of planned behavior for

predicting disaster preparedness behavior. Existing litera-

ture indicated that humans adopted preparedness measures

and behaviors only when they perceived that they were

under the threat of a disaster (Lazo et al. 2015).

Risk perception refers to personal judgment about the

uncertainty associated with the disaster (Paul and Bhuiyan

2010; Bourque et al. 2012). It is not the objective reality

but a subjective evaluation of risk (Xu et al. 2016). Most

researchers adopted a three-factor model of risk perception:

(1) perceived likelihood (that is, the probability of a dis-

aster to occur); (2) perceived severity (that is, the potential

damage caused by the disaster); and (3) perceived sus-

ceptibility (that is the individual’s constitutional vulnera-

bility to a hazard) (Brewer et al. 2007; Shreve et al. 2016).

A meta-analysis of several empirical studies of risk

perception reported significant associations between risk

perception and risk-taking behavior; the overall weighted

effect size was -0.70 (Cooper and Faseruk 2011). Another

meta-analysis of 34 risk perception studies also reported

significant correlations between risk perception and
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behavior; the correlation ranged from 0.16 to 0.26 (Brewer

et al. 2007). Bourque et al. (2012) indicated that risk per-

ception was a necessary predictor of preparedness, but it

might not be a sufficient predictor.

Based on the findings in the literature, two hypotheses

are formulated:

Hypothesis 6 Risk perception of typhoons positively

affects disaster preparedness behavior.

Hypothesis 7 Risk perception of typhoons positively

affects intention of typhoon preparedness.

2.3 Risk Perception and the Theory of Planned

Behavior

Previous studies also reported relations between risk per-

ception and a person’s attitude, subjective norm, and per-

ceived behavioral control of natural hazards, prompting the

possibility that these variables mediated the effects of risk

perception on disaster preparedness behavior.

First, relations between risk perception and attitude have

long been identified by previous literature of natural haz-

ards (for example, Marti et al. 2017). The Risk Perception

Attitude framework describes the effects of risk perception

on behaviors that form different attitude scenarios (Rimal

and Real 2003). The Risk Perception Attitude framework

recently was applied in risk management (for example,

Liu-Lastres et al. 2019).

Second, both risk perception and subjective norm are

socially and culturally shaped by society (Najafi et al.

2017). While risk perception provides values or meanings

for the potential disaster (McIvor and Paton 2007), the

internalization of these values forms subjective norms

(Khalil et al. 2014).

Third, an association is believed to exist between risk

perception and perceived behavioral control because both

internal and external controls of behavior are related to

people’s perception of the context of the issue (Liu-Lastres

et al. 2019).

Based on the findings in the literature, three hypotheses

are formulated:

Hypothesis 8 Risk perception of typhoons positively

affects attitude toward typhoon preparedness.

Hypothesis 9 Risk perception of typhoons positively

affects subjective norm of typhoon preparedness.

Hypothesis 10 Risk perception of typhoons positively

affects perceived behavioral control of typhoon

preparedness.

Combining the above observations, this study proposed

a conceptual framework that extended the theory of plan-

ned behavior by adding risk perception as a new variable

for predicting disaster preparedness behavior of typhoon

vulnerable people in Hong Kong (Fig. 1).

3 Methods

This study conducted an intercept survey at a typhoon-

prone district of Hong Kong. The survey period was from

December 2018 to May 2019, before the start of a typhoon

season, so that the respondents expressed general opinions

toward typhoon preparedness without the interference of

recent typhoon events.

3.1 Questionnaire

A structured questionnaire was developed according to the

conceptual framework presented in Fig. 1. Excluding the

question items to determine the socio-demographic char-

acteristics of respondents, there were 17 items that belon-

ged to six sections (Table 1). All instrument items were

adopted from previous literature and modified to fit the

current research context. Except for the question items of

attitude, which used a 5-point bipolar semantic differential

scale ranging from -2 to 2, all questions were set with a

Likert scale ranging from 1 (strongly disagree) to 5

(strongly agree). Two independent experts in the field were

invited to review the questionnaire and a pilot survey was

conducted for the revision of ambiguous or unclear

wording.

The measurement items of attitude, subjective norm,

perceived behavioral control, and intention of disaster

preparedness were adapted from Ajzen (1991), Najafi et al.

(2017), Daellenbach et al. (2018), Tan et al. (2020), and Ng

(2021). Attitude was measured by asking respondents to

rate three pairs of adjectives: ineffective–effective, use-

less–useful, harmful–beneficial. Three dimensions of sub-

jective norm were measured: family or friends; people who

are important to the respondent, and social pressure. Three

items were used to measure perceived behavioral control:

confident to do, up to the respondent, and easy to do.

Intention was measured using three items: expect to do,

plan to do, and will do. The measurement items of risk

perception were adopted from Brewer et al. (2007), Paul

and Bhuiyan (2010), and Miceli et al. (2008). Disaster

preparedness behavior was measured by asking whether

respondents prepared a first-aid kit and made an emergency

plan before the arrival of imminent typhoons. Previous

studies commonly considered these two items as the prin-

cipal constituents of the operationalization of personal

preparedness (Paul and Bhuiyan 2010; Kohn et al. 2012;

Lam et al. 2017). Five items of demographic variables (that

is, gender, age, education, income, and housing type) of
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respondents were asked to obtain their background

information.

3.2 Data Collection

The research was based on face-to-face interviews con-

ducted on the streets in Kwun Tong. Potential streets,

located within a distance of two blocks to the coastline and

highly affected by strong winds and heavy rainstorms

during typhoons, were first identified from the map, then

their suitability for conducting the interview was checked

in the field.

There were two reasons for conducting the survey in

Kwun Tong. First, Kwun Tong is a typhoon-prone district

in Hong Kong. Kwun Tong has high exposure to the

impacts of typhoons because of its location and aspects. It

also experiences multiple impacts caused by typhoons,

including storm surges and landslides because of the local

topography and geology (Johnson et al. 2016). Therefore,

Kwun Tong residents are generally more exposed to haz-

ards than residents of other districts in Hong Kong. Second,

Kwun Tong residents may represent a typhoon vulnerable

community, as Kwun Tong is the poorest district in Hong

Kong. Its median monthly household income is

HK$15,960, significantly lower than the median of Hong

Kong as a whole (that is, HK$20,500) (Census and

Statistics Department 2011). Kwun Tong also has the

highest population density (57,530 persons per km2) and

the largest number of households (227,168) among all

Hong Kong districts (Census and Statistics Department

2016).

To approach suitable respondents for this study, a street

intercept survey was believed to be more effective than

conventional methods of population survey in Hong Kong

because of three reasons: (1) Hong Kong’s urban fabric is

dominated by high-rise buildings guarded by security

checkpoints that deny unsolicited visits (Lo et al. 2017); (2)

respondents generally feel more comfortable with inter-

views in public areas than in the household units (Lo and

Jim 2012); and (3) the interviewers can select and check

suitable samples before engaging in the interview.

Pedestrians who were visually impaired or illiterate

were not invited. Appropriate pedestrians who were Kwun

Tong residents above the legal age of 18 and were capable

of communication were invited to attend face-to-face

interviews. After gaining the consent of suitable respon-

dents, the interviewer engaged with them to complete the

questionnaire. Each interview took approximately 15–20

minutes to complete.

To enhance the variability of samples, interviews were

conducted on both weekdays and weekends. Furthermore,

only one individual was selected from a group of pedes-

trians. This street survey naturally excluded those people

who did not appear on the street for various reasons, such

as mobility problems and family roles. However, this did

not create a sampling bias because less mobile people are

usually less exposed to typhoons.

Fig. 1 Conceptual framework used in this study
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A total of 300 participants were successfully inter-

viewed. The sample size was comparable to many social

surveys in Hong Kong (for example, Wong and Yan 2002)

and hazard studies in foreign countries (for example,

Shapira et al. 2018).

3.3 Statistical Analysis

All questionnaire data were checked for completeness and

unresponsive results were removed. Descriptive statistics

were used to categorize the socio-demographic character-

istics of respondents.

The normality of numerical data was checked and

skewed data were log-transformed. Multivariate outliers

were identified by calculating the Mahalanobis Distance

(p\ 0.01). Eventually, a total of 286 cases were secured

for statistical analysis. The sample size was considered

effective for structural equation modeling (Kline 2010).

The reliability of the data was tested using Cronbach’s

alpha. The common method bias of the data was evaluated

by the Common Latent Factor method. The above analyses

were performed using IBM SPSS Statistics 26.0.

The structural equation modeling was performed to

evaluate the theoretical model (that is, the extended theory

of planned behavior in this study) based on its consistency

with actual data. It allows the examination of causal rela-

tions among multiple variables of different levels in a

single analysis (Kline 2010). The procedure of structural

equation modeling consists of two steps: (1) confirmatory

factor analysis assesses the validity of the measurement

model by testing the relationships between latent variables

and the corresponding items; and (2) path analysis tests the

structural model by determining the correlations between

latent variables. Based on the results of path analysis, the

indirect effects of risk perception on intention and disaster

preparedness behavior (that is, the mediations via the

constructs of the theory of planned behavior) were assessed

using 95% confidence intervals from 2000 bootstrap sam-

ples. The structural equation modeling was performed

using IBM SPSS AMOS 26.

Table 1 Constructs and instrument items used in this study

Construct Item Description Reference

Attitude Att1 My attitude toward making preparation for typhoon is:

ineffective – effective

Ajzen (1991), Najafi et al. (2017), Daellenbach

et al. (2018), Tan et al. (2020)

Att2 My attitude toward making preparation for typhoon is: useless

– useful

Att3 My attitude toward making preparation for typhoon is: harmful

– beneficial

Subjective norm SN1 My family or friends think that I should make preparation for

typhoon.

SN2 In regard to making preparation for a typhoon, doing what

people think I should do is important.

SN3 I feel under social pressure to make preparation for a typhoon.

Perceived

behavioral

control

PBC1 I am confident that I could make preparation for a typhoon if I

wanted to.

PBC2 Whether I make preparation for a typhoon is entirely dependent

on me.

PBC3 Making preparation for a typhoon is an easy thing for me.

Intention Int1 I expect to make preparation for a typhoon.

Int2 I plan to make preparation for a typhoon.

Int3 I will make preparation for a typhoon.

Risk perception Risk1 I feel that a typhoon has a high chance of becoming a serious

natural hazard-related disaster.

Brewer et al. (2007), Paul and Bhuiyan (2010),

Miceli et al. (2008)

Risk2 I am worried that typhoons are dangerous or catastrophic to

me.

Risk3 Lower typhoon signals cause no harm to me.

Disaster

preparedness

behavior

Prep1 Before the coming of a typhoon, I will prepare a first-aid kit for

an emergency.

Paul and Bhuiyan (2010), Kohn et al. (2012),

Lam et al. (2017)

Prep2 Before the coming of a typhoon, I will prepare a household

emergency plan.

123

Int J Disaster Risk Sci 105



4 Results

This section first provides a summary of descriptive

statistics. After presenting the results of statistical analysis,

the effects of risk perception, attitude, social norm, and

perceived behavior control on intention of preparedness

and disaster preparedness behavior are elaborated.

4.1 Descriptive Statistics

The socio-demographic characteristics of the respondents

are outlined in Table 2. The numbers of male (49%) and

female (51%) respondents were almost equal. Of the

respondents, 57% were youth between the ages of 18–35.

The seniors (3.5%) were very few. In terms of education,

63.3% had received a qualification from a university or

college. More than two-thirds of the respondents (68.5%)

reported a gross monthly household income in the range of

HK$5000 to $39,999; 3.5% and 28% of the respondents

monthly earned \ HK$4999 and [ HK$40,000, respec-

tively. Over half of the respondents (59.1%) lived in public

housing, and the rest lived in either private housing

(30.8%) or other types of housing (10.1%).

The survey reported high levels of attitude (mean = 3.78

± 0.646, out of 5 marks), subjective norm (mean = 3.48 ±

0.694, out of 5 marks), perceived behavioral control (mean

= 3.60 ± 0.590, out of 5 marks), risk perception (mean =

3.73 ± 0.637, out of 5 marks), and intention of

preparedness (mean = 3.54 ± 0.692, out of 5 marks).

However, the level of disaster preparedness behavior

(mean = 2.59 ± 0.869, out of 5 marks) was comparatively

low (Table 3). Relatively low levels of preparedness were

also reported by a few local studies, for example, Chan

et al. (2016) reported that 49.4% of the respondents had a

first-aid kit, and 57.4% prepared non-perishable food and

drinking water; Fung and Loke (2010) reported that 60.6%

of the respondents kept a first-aid kit at home.

4.2 Testing the Extended Theory of Planned

Behavior

After items SN3 and Risk3 had been deleted, all constructs

achieved satisfactory reliability as the Cronbach’s a values

were higher than the accepted value of 0.7. The measure-

ment model was assessed by confirmatory factor analysis

and the results are also included in Table 3. The construct

validity of all constructs was acceptable as the values of

loading were higher than the accepted value of 0.6. The

composite reliability of all constructs was excellent as the

values of construct reliability were higher than the accepted

value of 0.6. Discriminant validity was achieved as the

values of average variances extracted were higher than the

accepted value of 0.50, and all the correlations between

constructs were lower than the square roots of the values of

average variances extracted.

Table 2 Socio-demographic characteristics of the respondents (number = 286) in this study

Characteristic Category Number Percentage (%)

Sex 1. Male 140 49.0

2. Female 146 51.0

Age 1. 18-24 91 31.8

2. 25-34 72 25.2

3. 35-44 50 17.5

4. 45-54 37 12.9

5. 55-64 26 9.1

6.[ 65 10 3.5

Education level 1. Primary or below 11 3.8

2. Secondary 94 32.9

3. Tertiary or above 181 63.3

Household income (monthly) 1.\HK$4,000 10 3.5

2. HK$4,000–HK$39,999 196 68.5

3.[HK$40,000 80 28.0

Housing type 1. Public estate 169 59.1

2. Private estate 88 30.8

3. Others (for example, village house) 29 10.1
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The confirmatory factor analysis generated various

indices of fit to reflect the fit between the measurement

model and the data set. Important indices of fit are stated as

follows: Chi-square to degree of freedom (v2/df) = 1.87,

comparative fit index (CFI) = 0.965, Tucker-Lewis index

(TLI) = 0.949, goodness of fit index (GFI) = 0.940, normed

fit index (NFI) = 0.929, incremental fit index (IFI) = 0.965,

and root mean square error of approximation (RMSEA) =

0.055. The compliance of indices of fit with recommended

values indicated a good fit of the measurement model

(Schreiber et al. 2006; Hair et al. 2010).

The same set of indices of fit was generated for the

structural model. The results show that the structural model

was a good fit, with v2/df = 2.351, CFI = 0.939, TLI =

0.920, GFI = 0.918, NFI = 0.900, IFI = 0.940, and RMSEA

= 0.069. The structural model was a good fit because all

indices of fit complied with recommended values.

The path analysis evaluated causal relations among the

constructs of the structural model (Fig. 2). The correlation

between two variables was indicated by the standardized

path coefficient. Critical ratio (CR) was calculated to

indicate the significance of the path, where significance at

0.05 level if critical ratio[ 1.96, and significance at 0.01

level if critical ratio is[2.576. Hypotheses were tested by

evaluating the significances of path coefficients. Therefore,

hypotheses 3, 8, 9 and 10 were accepted at the significance

level of 0.01, and hypotheses 1, 6, and 7 were accepted at

the significance level of 0.05. Hypotheses 2, 4, and 5 were

rejected (Table 4). The r2 values were 0.335 and 0.714 for

the constructs of behavior and intention, indicating that the

structural model explained 33.5% and 71.4% of variances

in these two variables, respectively.

4.3 The Theory of Planned Behavior and Disaster

Preparedness Behavior

The results of structural equation modeling indicated that

intention was a significant predictor of behavior (r = 0.343,

CR = 2.485, p\ 0.05). Therefore, H1 was accepted. Sig-

nificant correlations between intention and behavior were

reported by previous studies of disaster preparedness

behavior (for example, Tan et al. 2020). The level of

intention (mean = 3.54 ± 0.80) was higher than that of

behavior (mean = 2.59 ± 0.96), implying that not all

individuals would carry out their intention to perform the

behavior (that is, intention-behavior gap). Martins et al.

(2019) indicated that situational facilitators and impedi-

ments affected the execution of the decision for disaster

preparedness.

Fig. 2 Structural paths and path coefficients of the structural equation modeling in this study
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Although significant associations between attitude and

intention were found in various settings and contexts

(Kraus 1995), attitude was not significantly correlated with

intention (r = -0.060, CR = 0.604, p[0.05) in this study.

Therefore, H2 was rejected. It is probably because attitude

does not well explain behavior under extreme conditions

(Turaga et al. 2010). Glasman and Albarracı́n (2006)

indicated that attitude was a more reliable predictor of

behavior if it was easy to recall and was stable over time.

Since disaster is not a matter of daily life, residents may not

have stable attitudes toward disaster preparedness.

Among the three basic constructs of theory of planned

behavior, subjective norm was the only significant pre-

dictor of intention of preparedness (r = 0.483, CR = 3.843,

p \ 0.01). The acceptance of H3 indicated that society

played an important role in a person’s decision to take

action (for example, Najafi et al. 2017; Tan et al. 2020).

When the residents were aware of the expectation of pre-

paredness from family, friends, and society, they were

more willing to prepare for typhoons. It is because people

interact with others (such as friends and family members)

to form a social environment that gives meaning (value,

benefit, and so on) to the decision for action (Becker et al.

2012).

H4 and H5 were rejected because perceived behavioral

control was not significantly correlated with intention (r =

0.072, CR = 0.758, p[0.05) and behavior (r = -0.118, CR

= 1.037, p [ 0.05), respectively. Similar findings were

reported by a few studies of disaster preparedness (for

example, Najafi et al. 2017; Tan et al. 2020). Because the

impacts of a disaster are often insurmountable and beyond

human imagination, people cannot control the outcome

even with preparedness. The low outcome expectancy cuts

off the associations between perceived behavioral control,

intention, and behavior (Artistico et al. 2014). Conse-

quently, people become reluctant to prepare and/or transfer

the responsibility of preparedness from themselves to other

parties, for instance, the government (Paton 2019). Fung

and Loke (2010) reported that nearly half of the surveyed

households were confident that the government could

manage disastrous situations.

4.4 Risk Perception and Disaster Preparedness

Interestingly, significant correlations were found between

risk perception and all studied variables in this study. Risk

perception was significantly correlated with disaster pre-

paredness behavior (r = 0.353, CR = 1.980, p\ 0.05) and

intention (r = 0.406, CR = 1.972, p\ 0.05), respectively.

Therefore, both H6 and H7 were accepted. Previous studies

reported that risk perception was significantly correlated

with disaster preparedness behavior and intention in vari-

ous hazard contexts and settings, for example, landslides

(Xu et al. 2016), floods (Miceli et al. 2008), earthquakes

(Becker et al. 2012), and hurricanes (Martins et al. 2019).

Risk perception was also a significant predictor of the

three constructs of the theory of planned behavior. Risk

perception was correlated with attitude (r = 0.717, CR =

7.858, p\ 0.01), subjective norm (r = 0.762, CR = 8.502,

p\0.01), and perceived behavior control (r = 0.694, CR =

7.056, p\0.01), respectively. Therefore, H8, H9, and H10

were accepted. These findings generally are consistent with

existing studies of attitude (for example, Marti et al. 2017),

subjective norm (for example, Najafi et al. 2017; Tan et al.

2020), and perceived behavioral control (for example, Liu-

Lastres et al. 2019).

The above findings confirm that risk perception gener-

ates a multitude of effects on a person who decides to

Table 4 Verification of hypotheses examined in this study

Hypothesis (Relation) Estimate Standard

Error

Standardized Path

Coefficient

Critical

Ratio

Decision

H1 (Intention ? Disaster preparedness behavior) 3.144 1.265 0.343 2.485* Accepted

H2 (Attitude ? Intention) -0.063 0.104 -0.060 0.604 Rejected

H3 (Subjective norm ? Intention) 0.060 0.016 0.483 3.843** Accepted

H4 (Perceived behavioral control ? Intention) 0.107 0.142 0.072 0.758 Rejected

H5 (Perceived behavioral control ? Disaster preparedness

behavior)

-1.619 1.578 -0.118 1.037 Rejected

H6 (Risk perception ? Disaster preparedness behavior) 0.481 0.243 0.353 1.980* Accepted

H7 (Risk perception ? Intention) 0.060 0.031 0.406 1.972* Accepted

H8 (Risk perception ? Attitude) 0.101 0.013 0.717 7.858** Accepted

H9 (Risk perception ? Subjective norm) 0.905 0.106 0.762 8.502** Accepted

H10 (Risk perception ? Perceived behavioral control) 0.069 0.010 0.694 7.056** Accepted

*p\ 0.05 if Critical Ratio[ 1.96, **p\ 0.01 if Critical Ratio[ 2.576
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perform disaster preparedness behavior. Risk perception

influences intention of preparedness and disaster pre-

paredness behavior via two types of channels. The first type

is the ‘‘direct’’ channels, as indicated by the significant

correlations between risk perception, intention, and disaster

preparedness behavior. The second type is the ‘‘indirect’’

channels via subjective norm. Table 5 summarizes the

important statistics of the indirect effects of risk perception

on intention and behavior.

5 Discussion

This study has a few theoretical and practical implications.

For theoretical implications, this study confirmed the value

of adding risk perception to the theory of planned behavior.

The extended theory of planned behavior effectively pre-

dicted intention of disaster preparedness and disaster pre-

paredness behavior. As the values of r2 exceed the

threshold of 0.26, the model is considered substantial

(Cohen 1988). Specifically, the extended theory of planned

behavior can explain 33.5% of the variances in behavior,

and 71.4% of the variances in intention, respectively,

performing better than the original theory of planned

behavior. A meta-analysis of 206 independent studies

reported that, on average, the theory of planned behavior

explained 19.3% of the variances in behavior and 44.3% of

the variances in intention, respectively (McEachan et al.

2011). Second, this study presented a roadmap to show

how risk perception and behavioral variables affected

intention of disaster preparedness and disaster preparedness

behavior. Although risk perception is believed to generate a

multitude of effects on disaster preparedness behavior, the

process of how risk perception affects disaster prepared-

ness behavior has not yet been clarified by the existing

literature. Whereas Miceli et al. (2008) indicated that risk

perception encompassed both cognitive and affective

impacts on a person’s decision on preparedness, Loewen-

stein et al. (2001) indicated that risk perception exerted

both direct and indirect influences on behavior. This study

demonstrated that, apart from the direct effect on intention

of preparedness and disaster preparedness behavior, the

indirect effects of risk perception was exerted via subjec-

tive norm.

This study also offers practical insights that enhance

personal and household preparedness toward typhoons.

Due to the importance of risk perception for disaster pre-

paredness, educational and promotional programs are

always necessary to enhance risk perception and awareness

in society (Chan et al. 2016). Equally important is to

identify and understand the factors that distort risk per-

ception, and hence lead to inappropriate decisions for

disaster preparedness behavior. Only when people realize

the risks associated with typhoons, they become motivated

to prepare accordingly (Lazo et al. 2015). Significantly,

subjective norm was the only construct of the theory of

planned behavior that had a significant correlation with

intention of preparedness, highlighting the importance of

social influence on a person’s disaster preparedness. While

conventional initiatives to promote preparedness target the

individual’s decision, they often neglect the social context

of that decision (Becker et al. 2012). Because people are

more likely to adopt preparedness measures if they observe

or believe that others have prepared, it is important to

cultivate the preparedness culture in local communities.

This study has a few noted limitations. The first limi-

tation is the reporting bias associated with the self-reported

questionnaire. What the respondents had reported might

not be accurate and objective measures of what they

thought and how they behaved. However, validating the

opinions collected from the respondents is impossible.

Second, although this study had developed the survey

protocol that aimed at a good control of data quality,

younger and well-educated respondents were over-repre-

sented, which might have biased the results. Third, this

study had only interviewed respondents from one district in

Hong Kong, so the samples did not represent the general

population of Hong Kong. Hence, the findings should be

Table 5 Indirect effects of risk perception on intention and disaster preparedness behavior

Path Risk Perception ?
Subjective Norm ?
Intention

Risk Perception ?
Subjective Norm ?
Intention ?
Disaster Preparedness Behavior

Standard indirect effect 0.389 0.257

Standard error of 2,000 bootstrap samples 0.097 0.099

95% C.I. Lower Bound 0.233 0.077

95% C.I. Upper Bound 0.620 0.468

Type of mediation Partial Partial
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interpreted with caution. Fourth, relations identified by the

structural equation modeling were limited to statistical

inferences and could not be recognized as causation.

Nevertheless, these findings cast light on developing

research questions and hypotheses that inform future

studies. Qualitative methods, such as in-depth interviews,

are useful to understand the causal relations between dis-

aster preparedness behavior and its predictors. Despite the

above limitations, this study was able to integrate risk

perception and the theory of planned behavior into a united

model that can be used to predict the disaster preparedness

behavior of typhoon vulnerable people in Hong Kong.

6 Conclusion

Facing the challenges brought by typhoons, a robust body

of research has explored various options for reducing the

risks of typhoon impacts. Social scientists emphasize the

importance of personal disaster preparedness for reducing

hazard vulnerability in the process of disaster management.

This study adopted an extended theory of planned behavior

to predict the disaster preparedness behavior of typhoon-

vulnerable people in Hong Kong by using the data acquired

from an intercept survey. Confirmatory factor analysis

affirmed the validity of the model and the final structural

equation model adequately fits the data. The results indi-

cated that risk perception directly affected intention of

preparedness and disaster preparedness behavior, while

generating indirect effects via subjective norm. Although

risk perception changed attitude and perceived behavioral

control, the changes had no significant effects on intention

of preparedness and disaster preparedness behavior. This

study demonstrated the value of extending the original

theory of planned behavior by adding risk perception as the

new variable for predicting personal typhoon preparedness.

Educational and promotional programs are necessary to

enhance risk perception and cultivate a preparedness cul-

ture in society.
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