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A B S T R A C T   

Personal protective behaviors play an important role in disaster management because they can 
effectively reduce the damage caused by disasters. Understanding the relations and differences in 
protective behaviors among different social classes can help improve disaster management. This 
study conducted a street questionnaire survey in a typhoon-prone district of Hong Kong. Data 
were analyzed to understand how sociodemographic parameters (i.e., gender, age, education 
level, and income) influenced typhoon protective behaviors (i.e., preparedness before typhoons 
and emergency response during typhoons) of Hong Kong residents. The results showed that the 
level of preparedness of the respondents was low before the arrival of the typhoon. When the 
typhoon is approaching Hong Kong, they become more responsive. The higher the intensity of the 
typhoon, the higher the level of the adoption of emergency response. Among four sociodemo-
graphic parameters, only age and income significantly affected protective behaviors. This study 
supplements the existing literature on typhoon disaster management and provides a reference for 
improving typhoon disaster management in Hong Kong and other coastal cities affected by 
typhoons.   

1. Introduction 

Typhoons or tropical cyclones are the most common natural hazards in the coastal areas of South China [1]. The typhoon season in 
Hong Kong lasts for half a year, from May to November [2], but most typhoons occur between July and October [3]. According to 
statistics from the Hong Kong Government, 361 typhoons affected Hong Kong from 1960 to 2019 [4], with an average of 6.02 typhoons 
per year. 

The strong winds and heavy rainfall of typhoons can directly cause casualties and damage to properties [5], and typhoons may also 
induce such as landslides, floodings, and storm surges that cause a secondary wave of damage [6,7]. Typhoons account for the largest 
proportion of the total number of fatalities among various natural hazards in Hong Kong. In the history of Hong Kong, tragic disasters 
with a large number of fatalities were mostly related to typhoons. From 1960 to 2019, a total of 510 people died due to typhoons in 
Hong Kong [8]. 

As climate change and global warming prevail, typhoons increase in frequency and intensity in the western Pacific [9]. This 
observation seems to be evident from the typhoon statistics of the past four decades. Between 1980 and 2010, there were only two 
typhoons of signal number 10 (hurricane) but there were three in the past decade, occurring in 2012, 2017, and 2018 respectively. The 
increasing frequency and intensity of typhoons expose Hong Kong to higher typhoon risk [10]. 
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After years of efforts, an integrated framework of natural disaster management has been developed in Hong Kong [11]. It in-
corporates all possible programs, activities, and actions that can be undertaken before, during, and after the disaster with the aim of 
reducing its impacts and restoring society from damage. Practically, disaster management is comprised of four phases or stages: 
preparedness, response, recovery, and mitigation [12]. Each phase has its own focus with respect to the occurrence of the disaster. 

The government plays a major role in the phases of mitigation and recovery. To mitigate the impacts of typhoons, relevant or-
dinances and building codes require that the strength of buildings and structures must be sufficient in resisting strong winds up to the 
level of hurricanes [13]. Temporary shelters will be open for providing the needed people with temporary accommodation during 
typhoons. In case when a disaster occurs, the government brings various departments and agencies together to ensure that their efforts 
are properly coordinated in providing emergency relief in accordance with the Contingency Plan for Natural Disasters (CPND) for the 
recovery of society [14]. Because of these beneficial measures, the number of fatalities caused by typhoons was significantly reduced in 
recent decades [8]. 

On the other hand, individual persons play a critical role in the phases of preparedness and response [15]. Before the coming of a 
typhoon, preparedness can essentially lower personal exposure and vulnerability [16,17], thereby reducing the possibility of disaster 
occurrence [18]. In addition, good disaster preparedness also ensures flexibility for disaster victims to respond to emergencies during 
the disaster event [19]. However, a few local studies indicated that the preparedness of Hong Kong people is far from satisfactory. For 
example, Wong and Yan [20] indicated that Hong Kong people only took minimal precautions against typhoons. Loke et al. [21] 
reported that only 22.4% of respondents were prepared before the arrival of the typhoon. The findings of these studies were consistent 
with the international literature that overall levels of household preparedness were universally low [22]. When a disaster occurs, how 
someone reacts could be the difference between life and death [23]. Despite the importance of proper response during a disaster, the 
number of studies on emergency response is less than those on preparedness. Very few studies had examined both preparedness and 
response. Because good preparedness ensures the flexibility for people to respond to a disaster event [19], it is meaningful to inves-
tigate preparedness and response as a whole. Disaster preparedness and emergency response are two faces of the coin of protective 
behavior. 

Previous social science research has found associations between sociodemographic characteristics and public behaviors [24]. Along 
this line, sociodemographics are used to predict protective behaviors [15]. Government and policymakers are especially interested in 
understanding the relationship between people’s protective behaviors and their sociodemographic characteristics [25]. It is because 
the majority of policymaking and public administration are designed based on the consideration of social class, which is primarily 
defined by the sociodemographic characteristics of the population [26]. In the context of disaster management, vulnerable groups 
should receive special attention in natural disaster management because they are more susceptible to natural hazards and hence may 
require more support and additional assistance during the disaster [27]. 

With the above observations in mind, a quantitative survey was conducted in a typhoon-prone district of Hong Kong. An intercept 
sample of 286 residents was obtained and the data were analyzed by multivariate statistical analysis to understand the impacts of 
sociodemographic characteristics of typhoon-vulnerable people on their preparedness before typhoons and emergency response 
during typhoons. The findings of the study not only supplement the existing literature on typhoon hazards but also provide references 
for disaster planning and future improvement of typhoon management in Hong Kong and other coastal cities affected by typhoons. 

2. Literature review 

2.1. Disaster preparedness and emergency response to typhoons 

Although natural disasters often occur rapidly, they do not appear and disappear in a second. They evolve in a life-cycle process 
[12]. To deal with the challenges of natural hazards, disaster management consists of four major phases: preparedness (i.e., prepa-
ration before the disaster), response (i.e., emergency response during the disaster), recovery (i.e., relief and rebuilding after the 
disaster), and mitigation (i.e., long-term measures for capacity building and vulnerability reduction) [28]. As mentioned earlier, the 
scope of this study is preparedness and emergency response to typhoons. 

Preparedness refers to the precautionary measures or actions taken to reduce the exposure and vulnerability of people that make 
the impacts of hazards less serve [15,17]. Disasters are less likely to occur when people are well prepared [18]. Because different places 
have different natural hazards and their social and environmental contexts vary, disaster preparedness may vary around the world 
[11]. Preparedness may have physical and behavioral dimensions which are usually operationalized as an emergency kit and an 
emergency plan [29,30]. Using the biblical story of Ten Bridesmaids in the Gospel of Matthew as an illustration, wise bridesmaids kept 
awake and took lamp oil to meet the bridegroom. A bottle of lamp oil can be considered the emergency kit, and keeping awake is the 
execution of the emergency plan. 

In most cases, emergency kits should have a small amount of drinking water and food, and some basic medical supplies and survival 
gear (e.g., flashlights) [31]. Additional supplies could be included in the emergency kit for those regions that could experience severe 
disasters [24]. Because Hong Kong is a compact city with convenience stores and pharmacies located on almost every street corner, a 
basic first-aid kit is good for typhoon preparation [15]. 

The emergency plan refers to instructions and procedures for dealing with unexpected or unplanned situations [32]. In foreign 
countries, the plan may include a detailed list of who and what needs to be done and how it will be delivered [31]. In Hong Kong, the 
majority of families do not have a written plan, but the emergency plan is the consensus of how family members will behave during 
typhoons [30]. 

Emergency response refers to the actions and activities that are taken immediately to save lives and prevent further damage during 
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a disaster [32]. The most archetypal example of emergency response is the life-saving action of “get down, cover, and hold on” when an 
earthquake occurs. In Hong Kong, different actions and measures are recommended for citizens to adopt according to the intensity of 
the typhoon (Table 1) [33]. 

Low typhoon intensity is indicated by typhoon number 1 or 3. Typhoon (standby) signal number 1 will be issued when a typhoon is 
concentrated within 800 km of Hong Kong and may affect Hong Kong. Residents are advised to stay alert to the latest development of 
typhoons [33]. Typhoon (strong wind) signal number 3 will be issued when the typhoon is approaching Hong Kong. The sustained 
wind speed of reaches 41–62 km/h and gusts exceed 110 km/h, respectively. Residents are advised to check if any objects may be 
blown away and tie them up or relocate them to the indoor environment [33]. Typhoon (gale) signal number 8, indicating high 
typhoon intensity, is issued when storm force wind is blowing near sea level, with a sustained wind speed of 63–117 km/h and gusts 
exceeding 180 km/h. Residents are advised to go home or to seek shelter as soon as possible, lock all windows and doors securely, and 
reinforce all fragile items (e.g. window glass panes) [33]. If wind speed is expected to further increase, typhoon (increasing gale) signal 
number 9 will be issued. When the sustained wind speed exceeds 118 km/h and gusts exceed 220 km/h, respectively, typhoon 
(hurricane) signal number 10 will be issued. Typhoon numbers 9 and 10 indicate extreme typhoon intensity. Residents are advised to 
stay indoors and not to go out unless necessary until the typhoon signal drops to No. 3 or lower [33]. 

The majority of research on protective behaviors focused on disaster preparedness, and relatively few studies examined people’s 
emergency responses in disaster situations. Even fewer studies investigated both preparedness and response. Because good pre-
paredness before the disaster facilitates better emergency responses during the disaster [19], it is meaningful to them simultaneously. 
Both good preparedness and proper emergency response contributed to community resilience [34,35] and trust [36]. How to manage 
appropriate and progressive protective behaviors of the public at different stages of a disaster event is a great challenge for public 
administration [37]. 

2.2. Vulnerable groups and their protective behaviors 

In the context of disaster management, the identification of vulnerable groups is crucially important [38]. The term “vulnerable 
group” refers to a population whose life or livelihood is threatened by hazards because of their limited capacity to cope or adapt [39]. 
They usually are not prepared for a disaster and/or do not respond properly during a crisis [40]. 

Based on the assumption that sociodemographic characteristics, such as gender, age, education level, and income attach to 
particular precepts or norms, sociodemographic variables are often used for the identification of vulnerable people [41]. Both in 
scientific and practical venues, the narrative of some vulnerable groups has formed and has become widespread terminology [42]. In 
general, women were believed to be less vulnerable than men because females usually have better preparation for disasters than males 
[43]. Older people are less vulnerable as seniors are more likely to respond to natural hazards than younger people [44]. In addition, 
well-educated and wealthy people are less vulnerable as they are more willing to prepare for disasters than their counterparts [45]. 
However, some other studies have held inconsistent or even opposing views on the above results. For example, Oral et al. [46] reported 
no significant relationship between age, gender, education level, occupation, and disaster preparedness. Baker [47] also reported that 
men and women did not differ in their disaster preparedness. Addis and Abate [48] reported that older adults were less prepared for 
disasters than younger groups. Dixit et al. [49] stated that low-income people tend to be more responsive to disasters than high-income 
ones. Kim and Zakour [50] also reported that the associations between education level and disaster preparedness were not significant. 

The inconsistent findings may be due to the interdependence of vulnerable people (i.e., specific individuals or communities who are 
especially vulnerable) and vulnerable situations (i.e., the contexts that render people vulnerable) [42,51,52]. Furthermore, the sig-
nificances of different socioeconomic variables are different in various natural disasters, which depends largely on the local society and 
environment [53]. Even for the same natural hazard, people, with different backgrounds or exposure to hazards, may experience the 
impacts in different ways [54]. 

Based on the above observations, this study proposed a novel theoretical framework to examine the impacts of four sociodemo-
graphic variables, namely gender, age, education level, and income, on typhoon protective behaviors of local residents, including 
disaster preparedness before typhoons and emergency response during typhoons (Fig. 1). Specifically, a typhoon-prone district, 
representing the vulnerable situation, was selected as the studied area, and vulnerable groups can be identified by testing the sig-
nificance of their sociodemographic characteristics. 

Table 1 
Definitions of typhoon warning signals and recommended actions and measures.  

Typhoon 
Intensity 

Typhoon signal 
number 

Wind condition Recommended actions and measures 

Sustained wind speed 
(km/hr) 

Gust (km/ 
hr) 

Low 1 (Standby) Not applicable Not 
applicable 

Listen to radio and TV broadcasts or other information sources for updated 
information of the typhoon 

3 (Strong Wind) 41–62 >110 Secure loose objects or relocate them into indoors 
High 8 (Gale) 63–117 >180 Lock all windows and doors. Reinforce fragile objects, e.g., large window 

panes in exposed positions, using adhesive tape 
Extreme 9 (Increasing Gale) increasing increasing Stay indoors or safe place until the typhoon has passed. 

10 (Hurricane) >118 >220 

(source: Hong Kong Observatory [33]). 

S.L. Ng                                                                                                                                                                                                                   



Heliyon 9 (2023) e15492

4

Fig. 1. Theoretical framework of this study.  

Fig. 2. Location of Kwun Tong.  
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3. Methods 

3.1. Data collection 

The conceptual framework was used to design the questionnaire which comprised three sections. They are preparedness before 
typhoons, emergency response during typhoons, and sociodemographics. Except for the sociodemographic items, all questions are 
measured using a Likert scale of 5. The questionnaire is included in the supplementary file. 

The items of preparedness before typhoons measured the physical and behavioral preparation among the respondents: “I will 
prepare a first aid kit for an emergency before the coming of a typhoon” and “I will make prepare a household emergency plan before 
the coming of a typhoon”. These items have been extensively adopted by previous studies (e.g. Lam et al. [30]). They have a satis-
factory level of reliability with a Cronbach alpha of 0.771. 

The measurement items of emergency response during typhoons were adopted from the Hong Kong government’s recommended 
response measures under different scenarios of typhoon signal [33]: " I will listen to the radio, watch TV or browse the Internet for 
updated information about the typhoon when typhoon signal No. 1 is in force”; " I will take away or fasten loosed objects when typhoon 
signal No. 3 is in force”; “I will reinforce windowpanes using adhesive tapes when typhoon signal No. 8 is in force”; and " I will stay 
indoors or remain where it is protected until the typhoon has passed when typhoon signal No. 9 or 10 is in force ". The reliability 
Cronbach alpha for the emergency response items is 0.724. 

The sociodemographic items included gender, age, education level, and income. They were measured by categorical scales with 
reference to the Hong Kong Population Census [55]. These four items are the most commonly used sociodemographic parameters and 
are widely studied by both individual researchers (e.g., Oldfield [26]; Connelly [56]; Tian et al. [57]) and government (e.g., Hu et al. 
[58]). 

Two independent experts in the field of hazard management were invited to review the questionnaire, then the pilot test (n = 20) 
was held in November 2018 with the aim of removing or modifying ambiguous wordings. The formal questionnaire survey was 
conducted from December 2018 to May 2019. This period was not the typhoon season, so the opinions collected would not be 
disturbed by the recent typhoon events. 

The questionnaire surveys were carried out in the district of Kwun Tong (Fig. 2). This study first identified potential streets on a 
map that are highly exposed to strong winds and heavy rainfall of typhoons. These streets were then visited and checked the suitability 
for the questionnaire survey. 

With the consideration of the complexity of vulnerability, this study selected Kwun Tong as the studied area for two reasons. First, 
Kwun Tong is situated near the east opening of Victoria Harbor, it is exposed to the direct effects of strong winds and heavy rainfall 
brought by typhoons. Furthermore, Kwun Tong is also prone to a variety of typhoon related hazards, such as landslides and coastal 
flooding, because of its topography and geology [59]. For example, a fatal landslide occurred in Kwun Tong in 1972; 71 people were 
killed. Another landslide occurred at the same location in 1976; 18 people were killed [60]. Therefore, Kwun Tong well represents the 
vulnerable situation of typhoons. Second, Kwun Tong is the poorest district in Hong Kong. Its median monthly household income is HK 
$15,960, which obviously is lower than that of the whole of Hong Kong (HK$20,500) [61]. Kwun Tong also has the highest population 
density (57,530 persons per km2) and the highest number of households (227,168) of all districts in Hong Kong [55]. Therefore, Kwun 
Tong is believed to be sustaining a hazard-vulnerable community. 

In this study, intercept sampling techniques were used to sample respondents. This method is believed to work better than 
traditional techniques of household surveys because of a few reasons. First, the cityscape of Hong Kong is dominated by housing estates 
whose entrances are guarded by security officers [62]. Unsolicited visits are not allowed. Second, respondents feel more relaxed when 
interviewing in public areas than in their household premises [63]. Third, researchers are able to select suitable respondents for the 
interviews. In this study, residents of Kwun Tong who were over the legal age of 18 and had the ability to communicate were invited to 
the interviews. 

This study received ethical approval from the Research Administration Office of the Chinese University of Hong Kong. Respondents 
were informed verbally about the purpose of this study and their consent was confirmed before starting the questionnaire survey. The 
respondents were informed that their participation in the questionnaire survey was voluntary. Furthermore, they received the 
assurance of anonymity and confidentiality. 

To enhance sample variability, only one person in a group of pedestrians was selected for the interview to avoid redundant samples. 
In addition, the survey was conducted on both weekdays and weekends. It should be noted that the street survey naturally excluded 
those who were not present on the street for mobility and family reasons. However, this does not cause serious sampling bias because 
people with mobility problems are usually less likely to be affected by typhoons. A total of 300 people were successfully interviewed in 
this study. 

3.2. Data analysis 

The collected data were first checked for completeness and then 14 outliners were removed, resulting in a total of 286 cases for data 
analysis. This sample size is similar to that of a few social surveys in Hong Kong and overseas (e.g., Shapira et al. [64], Wong and Yan 
[20]). 

Categorical data were grouped and their percentages were calculated. The numerical data were checked for normality and reli-
ability. The relations between sociodemographic parameters and protective behaviors were analyzed at two levels using univariate and 
multivariate statistical methods, respectively. All analyses were conducted using IBM SPSS Statistics (version 26.0). 
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The first level of analysis used univariate statistical methods. The data were first examined for homoscedasticity by Levene’s equal 
error variance, and then one-way analysis of variance (ANOVA) is used to examine statistical differences in one dependent variable (e. 
g., preparedness before typhoons) between groups of one independent variable (e.g., age). Because ANOVA examines the uncondi-
tional effect of one independent variable on one dependent variable, the associations are often exaggerated so further analysis is 
needed to clarify the relationship. 

The second level of analysis used multivariate statistical methods. After checking the homogeneity of the covariates by Box’s M test, 
two-way multivariate analysis of variance (MANOVA) was conducted. MANOVA is an extension of ANOVA. MANOVA bundles 
multiple continuous dependent variables (i.e., preparedness before typhoons and three emergency responses during typhoons) into a 
weighted linear combination or composite variable for analysis. MANOVA compares whether the created sets of dependent variables 
differ by different groups of independent variables. In this way, MANOVA tests whether the independent variables also explain the 
statistically significant amount of variation in the dependent variables as a whole. Furthermore, MANOVA also assesses the interaction 
effects of independent variables [65]. 

4. Results 

4.1. Descriptive statistics 

Table 2 shows the sociodemographic profile of the respondents in this study. The number of male (49.0%) and female (51.0%) 
respondents was approximately the same. More than half of the respondents (57.0%) were between the ages of 18 and 34. There were 
relatively few older people. The educational level of respondents was rather high, with more than 60% of respondents receiving 
tertiary education or above and only 3.8% receiving only primary education or below. The majority of the respondents (68.5%) had a 
monthly income of $5000 to $39,999. Overall, the sociodemographic characteristics of the respondents in this study are somewhat 
different from the Hong Kong population as a whole because Kwun Tong is the poorest district in Hong Kong, as mentioned earlier. In 
addition, the study did not interview those who had mobility problems or were homebound for some reason. 

Fig. 3 is the boxplot showing respondents’ scores of typhoon preparedness and emergency responses. The results indicated that 
respondents were less willing to prepare for the disaster before the coming of the typhoon. The mean and median scores of pre-
paredness are 2.589 and 2.5, respectively. When the typhoon is approaching, respondents change and become willing to respond. 
When the typhoon intensity is low, the mean and median scores of emergency response are 3.388 and 3.5, respectively. When the 
typhoon intensity is high, the mean and median scores of emergency response rise to 3.81 and 4.0, respectively. When the typhoon 
intensity is extreme, the mean and median scores of emergency response further increase to 4.48 and 5.0, respectively. Also, the lower 
bound rises from 1.0 to 2.0. In other words, all respondents would adopt the protective behaviors recommended by the government 
when the typhoon intensity is extreme. 

4.2. Univariable statistics 

Fig. 4 presents the results of ANOVA, mean levels, and 95% confidence intervals of protective behaviors of different sociodemo-
graphic cohorts. The results indicate that gender has no effect on all typhoon protective behaviors, but age, education level, and 
income can affect different protective behaviors to different degrees. Age does not affect disaster preparedness, but does affect 
emergency response in all typhoon intensities. F-values for low, high, and extreme typhoon intensities are 4.112, 3.160, and 3.314, 
respectively; all were statistically significant with p < 0.01. Middle-aged people (i.e., 35–44 and 45–54 years) have the lowest level of 
emergency response, while older people (i.e., 55–64 and 65 years or older) have the highest level of emergency response. Education 
level does not affect disaster preparedness and response to extreme typhoon intensity but affects responses to low (F-value = 3.336, p 

Table 2 
Profile of the respondents in this study (n = 286).  

Socio-demographics This study Hong Kong population [55] 

Number (percent) Percent 

Gender Male 140 (49.0%) 46.0% 
Female 146 (51.0%) 54.0% 

Age 0–17 – 22.0% 
18–24 91 (31.8%) 
25–34 72 (25.2%) 14.9% 
35–44 50 (17.5%) 15.6% 
45–54 37 (12.9%) 16.5% 
55–64 26 (9.1%) 15.3% 
Older than 65 10 (3.5%) 15.9% 

Education level Primary or below 11 (3.8%) 20.0% 
Secondary 94 (32.9%) 47.3% 
Tertiary or above 181 (63.3%) 32.7% 

Income Less than HK$4999 10 (3.5%) 8.1% 
HK$5000 – HK$39,999 196 (68.5%) 61.9% 
More than HK$40,000 80 (28.0%) 30.0%  
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< 0.05) and high (F-value = 3.560, p < 0.05) typhoon intensities (F-values = 3.336 and 3.560, p < 0.05). Interestingly, respondents 
with a low education level (i.e., primary school or below) had the highest level of emergency response. The effect of income is just the 
opposite of education level, which affects disaster preparedness (F-value = 7.935, p < 0.01) and response to extreme typhoon in-
tensities (F-value = 3.028, p < 0.05), but does not affect responses to low and high typhoon intensities. 

4.3. Multivariate statistics 

Gender is excluded from the MANOVA because the results of the one-way ANOVA indicated that there is no difference in all 
protective behaviors between males and females. Consequently, the MANOVA model has three independent variables (i.e., age, ed-
ucation level, and income) and four dependent variables (preparedness before typhoons, and emergency responses to low, high, and 
extreme typhoon intensities). The three independent variables generate four interactions, namely age × education level, age × income, 
education × level income, and age × education × level income. The results indicate that only age (Wilks λ = 0.875; F = 1.719, p <
0.05) and income (Wilks λ = 0.903; F = 3.296, p < 0.01) have significant effects on protective behaviors as a whole (Table 3), but 
education level and all interactions of sociodemographic variables do not significantly affect protective behaviors. Based on the results 
of MANOVA and ANOVA, young and low-income people are considered vulnerable groups as they are less prepared before typhoons 
and/or responsive during typhoons than their counterparts. 

5. Discussion 

5.1. Typhoon protective behaviors 

In this study, the score of typhoon preparedness of the respondents is rather low (2.589). This finding is generally consistent with 
the existing literature. For example, Chan et al. [15] reported that less than one-fifth of Hong Kong households were prepared for 
typhoons. Another local study showed that 69% of the population did not take any precautious measures before the coming of a 
typhoon [20]. There are a couple of possible reasons for the low level of preparedness. First, residents may be biased toward natural 
hazards. Optimistic bias refers to underestimating the possibility and severity of a disaster [66]. A local study reported that 82.3% of 
respondents did not consider Hong Kong a disaster-prone city [15]. Optimistic bias is very common in prosperous countries like the 
United States [67] and Japan [68]. People are reluctant to consider risks and hazards when they enjoy social and economic stability 
[68]. Second, respondents do not feel the urgent need to prepare for a disaster because the urban environment of Hong Kong is so 
convenient [15]. People can easily and quickly go to a nearby convenience store or supermarket to buy their supplies. 

Fig. 3. Boxplot of respondents’ scores for typhoon preparedness and emergency response.  
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Respondents’ emergency responses during typhoons are more positive than their preparedness before typhoons. The score of 
emergency response to low typhoon intensity (3.388) is obviously higher than that of preparedness (2.589), implying that people are 
more willing to take emergency action when the typhoon is approaching. Scores of emergency response to high and extreme typhoon 
intensities are 3.81 and 4.48, respectively, indicating that the higher the typhoon intensity, the higher score. When typhoon intensity 
becomes high or extreme, people are very likely to respond according to the government’s recommendations because they simply do 
not have the time and freedom to make alternative decisions [69]. This finding is also consistent with some local studies. For example, 
Chan et al. [16] showed that Hong Kong people were generally more concerned about high typhoon signals than about low typhoon 
signals. However, Wong and Yan [20] indicated that less than 31% of the respondents would tie up loose objects, remove flower pots 
from the balcony, or go to a shelter when a typhoon signal was in effect. 

5.2. Impact of sociodemographic variables on protective behaviors 

The results of ANOVA indicate that gender is not a significant factor influencing protective behaviors, but age, education level, and 

Fig. 4. Mean and 95% confidence interval of protective behaviors of different sociodemographic groups: (top left) gender; (top right) age; (bottom 
left) education level; (bottom right) income. 

Table 3 
MANOVA for the effects of socio-demographics on protective behaviors.  

Independent variable Wilks’ Lambda F Partial η2 Non-centrality parameter Observed power 

Age 0.875 1.719* 0.33 28.410 0.923 
Education level 0.964 1.157 0.018 9.254 0.540 
Income 0.903 3.296** 0.050 26.370 0.974 
Age × Education level 0.864 1.347 0.036 33.933 0.938 
Age × Income 0.863 1.363 0.036 34.330 0.942 
Education level × Income 0.986 0.440 0.007 3.518 0.207 
Age × Education level × Income 0.945 1.212 0.019 12.809 0.628 

(*p < 0.05; **p < 0.01). 
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income influence protective behaviors to varying degrees. Because ANOVA can only test the unconditional effect of one independent 
variable on one dependent variable, the statistical associations are often overstated. Therefore, in this study, MANOVA is conducted to 
examine whether multiple independent variables explain the variance of multiple dependent variables as a whole, hence generating 
more reliable results. The results indicate that only age and income have a significant effect on typhoon protection behaviors, but 
education level is not a significant factor. Specifically, young and low-income people are idenitifed as typhoon-vulnerable groups. 

In general, the results of this study are consistent with the previous studies. However, this study finds that sociodemographic 
variables are not universally associated with protective behaviors, making it difficult to generalize a pattern. Consequently, the logic 
behind the relationship between sociodemographic variables and protective behaviors remains largely unknown [70]. Furthermore, 
although the sociodemographic variables selected for this study are widely used in past studies, the scales of variables used in different 
studies may not be the same, so strictly speaking, a direct comparison is not appropriate. Therefore, future research should focus on the 
theoretical inquiry and explanation for the effects of sociodemographics on protective behaviors. 

5.3. Practical recommendations for policy 

This study has two practical recommendations for policymakers. First, because the level of typhoon preparedness in Hong Kong is 
low, the government should organize more education and outreach activities to raise public awareness of the importance and value of 
disaster preparedness. Although disaster preparedness may not have immediate benefits, it can serve as a buffer. Preparedness reduces 
exposure and vulnerability so that it effectively moderates losses when a disaster does occur [16,17]. Furthermore, one human 
behavior may spill over to another but similar behaviors [71]. In the context of disaster management, preparedness before the disaster 
motivates or prompts emergency behaviors during the disaster [19]. This means that different protective behaviors are not separate, 
but rather different stages of a behavioral process. People perform different but they are related behaviors performed at different stages 
of typhoon event [72]. Different protective behaviors represent the continuum or process of human behaviors [73]. The spillover of 
protective behaviors deserves further investigation in future studies. Second, this study finds significant effects of age and income on 
protective behaviors, implying that disaster management should be planned from the perspective of age and income. It makes sense to 
identify those who are unwilling or unable to prepare for or respond to disasters. Identifying them and matching them with resource 
allocation and relief programs is a crucial aspect of disaster management [74]. 

5.4. Research limitations and recommendations 

This paper has several limitations and recommendations for future research to consider. The first is the limitation of the data 
collection method. There may be a sampling bias due to the street survey method. Although every effort was made to improve the 
variability of the sample, the proportion of young people (i.e., those aged 18–45) in the sample is somewhat over-represented. Future 
studies may consider using probabilistic sampling methods to collect a balanced sample. Secondly, strictly speaking, the questionnaire 
is not a true measure of typhoon protective behaviors, but only opinions on whether or not the respondent would do so. Because people 
say they will do does not mean what they actually do, the questionnaire may not accurately reflect actual protective behaviors. Future 
studies may collect data on behaviors directly through field observations. Third, this study interprets the data based on statistical 
probability theory, but the statistical associations are not necessarily causal. Future studies may consider qualitative methods such as 
in-depth interviews and focus groups to identify causal relationships. Fourth, future studies can extend the methodology of this study 
to other natural disasters (e.g., landslides) in Hong Kong and corroborate the results with each other. Fifth, the study is conducted on a 
population living in the specific social and cultural environment of Hong Kong. Therefore, it is prudent to apply the results of the study 
directly to other countries and regions. 

6. Conclusion 

A street survey was conducted in Kwun Tong, a typhoon-prone area of Hong Kong. 286 respondents were successfully interviewed 
to collect data on their typhoon protective behaviors. The relations between four sociodemographic variables (i.e., gender, age, ed-
ucation level, and income) and four protective behaviors (i.e., preparedness before typhoons and emergency response to low, high, and 
extreme typhoon intensities) are examined by various statistical methods. The results indicate that the level of preparedness of the 
respondents is low before the coming of the typhoon. When the typhoon is approaching Hong Kong, they become more responsive. The 
higher the typhoon intensity, the higher the level of emergency response. Of the four sociodemographic parameters, only age and 
income have significant effects on protective behaviors as a whole. The findings of this study supplement the existing literature on 
typhoon disaster management and cast light on improving typhoon disaster management in Hong Kong and other coastal cities 
affected by typhoons. 
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