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Health-Emergency Disaster Risk Management (Health-EDRM) is one of the latest
academic and global policy paradigms that capture knowledge, research and policy shift
from response to preparedness and health risk management in non-emergency times [1].
This concept encompasses risk analyses and interventions, such as accessible early warning
systems, timely deployment of relief workers, provision of suitable drugs, and medical
equipment to decrease the impact of disasters on people before, during, and after an
event(s). The approach emphasizes the investment into disaster health risk reduction efforts
which may thereby strengthening health systems and capacity to ensure community health
resilience building. Health emergency disaster risk management (Health-EDRM) thus
refers to the systematic analysis and management of health risks surrounding emergencies
and disasters, and plays an important role in reducing hazards and vulnerability along
with extending preparedness, response, and recovery measures [1].
Disasters such as earthquakes, cyclones, floods, heat waves, nuclear accidents, and
large-scale pollution incidents cost human lives and incur long-term health and well-being
implications. The most vulnerable population subgroups in the majority of the disasters
often comprise of extreme ages, remote living areas, and endemic poverty, as well as people
with low literacy. However, scientific evidence gaps remain in the published literature
regarding health risks patterns and cost-effectiveness Health-EDRM risk reduction strategies to facilitate a more efficient reduction of global disaster risks through global policies
and initiatives [2,3]. The first Special Issue of IJERPH, published in 2018–2019 with the
thematic focus on Health-EDRM included 20 papers that characterized disaster risks, analysed health risk and interventions effectiveness [4]. The 2nd edition (2019–2020) further
compiles 16 scientific papers that have been published in 2020. Papers included in this 2nd
edition demonstrate the diverse range of health-related disaster and emergency risk management topics and research analyses that evaluate short- and long-term health impacts,
associated risk factors, risk assessment methods and tools as well as multidisciplinary
research methods related to program evaluation and policy analysis.
With the complexity and interconnectedness of modern living, multidisciplinary
research methodologies development is crucial, as it may enhance the assessment of health
risks, impacts and promote understanding of health risks, disaster and humanitarian
medicine for non-health stakeholders. The study of Zhang et al. [5] shows how multidisciplinary methodologies might be applied to examine communicable disease spread
among close-contacts. Ma et al. [6] proposes a landslide risk prediction approach that
might be useful to prevent mortality and morbidity in at-risk communities.
In the 21st century, the human health impacts of climate change are expected to
be significant globally. In this issue, five studies are published to delineate population
health risks that may be associated with climate change in various contexts. The studies examine socio-demographic patterns of self-help and community bottom-up health
1
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protection strategies during extreme temperature events [7,8] (Lam et al., Liu et al.) and
typhoon/hurricane [9,10] (Shang et al., Shih et al.). In addition, with the global increasing
health risks associated with vector-borne diseases as a result of climate abnormalities, [11]
Chan et al. present a narrative review paper of the current understanding of primary
preventive Health-EDRM measures that might reduce the health risks of vector-borne
disease in communities.
Another research article subset published in this edition is related to the evaluation
of human health and well-being with man-made/technology-related disasters. In their
case study, Genereux et al. [12] analyze how mixed-method-based need assessment might
capture potential health risks and needs and subsequently enhance effectiveness and
relevance response and recovery of the 2013 Lac-Megantic Rail disaster. The study of
Orui et al. [13] finds an association between media information and post nuclear accident
health anxiety. The findings of this study may inform policymakers and clinical practitioners about mental and health risk reduction strategies. Based on a mixed-method approach,
Lorenzoni et al. [14] examines various long-term implications of disasters on public health
system performance, security and health protection.
Psychosocial and mental health risks and impacts are another important research
development area of the Health-EDRM. Takahashi et al. and Umeda et al. have examined
the acute mental health needs [15] of disaster victims and potentially how to protect and
promote the mental risks of responders [16]. Newnham et al. [17] described the activities
and strategic plans of a newly established mental health network in Asia Pacific that aims
to encourage and build the research agenda of Health-EDRM-related issues in the region.
Among all the major global disasters in 2020, SARS-CoV2, the biological hazard which
caused the COVID-19 pandemic, once again showed how health risks may be far-reaching
to cause mortality and affect lives in the 21st century. Within a year, the pandemic has
accumulated over 110 million cases and 2.5 million deaths [18]. Meanwhile, research
and reported experiences in Asia, as the first global region that was hit by the pandemic
in early 2020, might be useful to facilitate understanding of health risks and impacts
of a new disease of unknown origin. Kim et al. reports on the COVID-19 impact on
mental health status of people living in Daegu, South Korea, the community with the
2nd highest rate of COVID-19 beyond Wuhan city PRC China, during the early phase of
the pandemic [19]. Chan et al. [20] examines the sociodemographic predictors of health
risk perception, attitudes and behavioral practices of the management COVID-19 in a
high-density metropolis—HK, China during the first 2 months of the pandemic (6). The
same research team also published an article that examines the health risks and situation of
people with non-communicable diseases during the pandemic [21].
In the upcoming months, the global research community is expected to receive a significant amount of Health-EDRM research outputs related to the COVID-19 pandemic. With
heavy emphasizes on the hierarchy of prevention and adverse disaster risk reduction [22],
researchers and policy makers of Health-EDRM should be proactive in the application of the
concepts and tools highlighted in the Health-EDRM paradigm and frameworks [23]. Such
efforts will improve research effectiveness for strengthening practice and policy making
that aim to protect human health and well-being from future epidemics and disasters.
Author Contributions: Writing—Original Draft Preparation, E.Y.Y.C.; Writing—Review & Editing,
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Abstract: Knowledge of human behaviors is important for improving indoor-environment design,
building-energy efficiency, and productivity, and for studies of infection spread. However, such data
are lacking. In this study, we designed a device for detecting and recording, second by second, the 3D
indoor positioning and head and body motions of each graduate student in an office. From more than
400 person hours of data. Students spent 92.2%, 4.1%, 2.9%, and 0.8% of their time in their own office
cubicles, other office cubicles, aisles, and areas near public facilities, respectively. They spent 9.7% of
time in close contact, and each student averagely had 4.0 close contacts/h. Students spent long time on
close contact in the office which may lead to high infection risk. The average interpersonal distance
during close contact was 0.81 m. When sitting, students preferred small relative face orientation
angle. Pairs of standing students preferred a face-to-face orientation during close contact which
means this pattern had a lower infection risk via close contact. Probability of close contact decreased
exponentially with the increasing distance between two students’ cubicles. Data on human behaviour
during close contact is helpful for infection risk analysis and infection control and prevention.
Keywords: infection spread and control; infection risk; human behavior; close contact; sensor-based;
indoor environment; indoor positioning; head and body motion; open-plan office

1. Introduction
Indoor human behaviors directly impact on indoor thermal comfort [1], energy efficiency [2],
office design [3], and exposure to pollutants (e.g., infectious microbes) [4]. Indoor human behaviors
in and between different environments also directly impact on the infection risk [5]. Close contacts
are believed to facilitate the spread of many viral respiratory diseases such as influenza [6], SARS [7],
MERS [8], and even Ebola [9].
Infection risk via close contact is influenced by interpersonal distance, respiratory activities, and
movement of body parts. Interpersonal distance directly affects the risk of virus exposure due to
inhalation and deposition, the so-called short-range airborne and large droplet routes, respectively [10].
A threshold distance of close contact less than 1.5 m to 2 m is generally accepted as risky [11–13].
Human respiratory activities such as breathing, talking, and coughing can generate droplets of different
numbers and sizes [14–18]. Infectious pathogens are shed and exhaled by the infected during these
respiratory activities, and transported by the exhaled air streams, while inhalation of fine droplets
and exposure to large droplets are also affected by the inspiratory air streams and body/head/arm
movement [19]. Relative face orientation (e.g., face-to-face, face-to-side) and posture are important
factors in determining the cross-infection, especially over short distance [20]. Exposure of face-to-back
close contact is much smaller than it of face-to-face pattern [21,22]. Posture also important in droplet
5
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deposition, for example, droplets deposited on trousers on the thighs of a sitting person should be
more than on a standing person.
Very little data exist on indoor close contact behaviors, especially data combining all of the factors
mentioned above. Some human behaviors are difficult to accurately monitor with high temporal
resolution [11,19]. Electronic sensors such as radiofrequency identification devices (RFIDs) are the
most commonly used to collect human contact data. These devices, however, can only detect close
contact by taking readings of interpersonal distance every 20 s, and only one-on-one close contact can
be detected [23,24]. A temporal resolution of 20 s is not sufficient, as the median value duration of a
close contact is 17 s [11]. Moreover, human respiratory activities and movement of body parts (e.g.,
head and body) cannot be detected by this means. Body movements impact the air flows in a room.
To collect close contact data with high temporal resolution, video recordings have been used, which
can be processed second-by-second [11,19]. This approach is subject to human error on the part of the
video analysts, and also time-consuming.
Office are the most common form of workplace for the most of employees, with open-plan
designs widely used [25,26]. In this study, we monitored and analyzed indoor human behaviors in a
graduate student office using automatic devices installed on the hats and clothes of the participants.
These devices overcome nearly all of the shortcomings mentioned above and automatically collect
high-resolution data on indoor human behaviors. The data monitored included the indoor position,
head and body motion, and posture of each individual which are important for infectious disease
transmission. We collected more than 1,440,000 s of data for 49 students across two days. This study
supported data of indoor human behaviors on close contact. From indoor positioning distribution, we
can know that which part in the office has higher infection risk. Combining individual inhalation and
exhalation patterns with head’s and body’s motion during close contact, high-precision quantitative
risk assessment on infection spread and control could be conducted.
2. Materials and Methods
The experiments were conducted in two close-by Chinese graduate student offices on two
consecutive Saturdays. The choice of two nearly identical offices was due to the need of minimising
microbial interference, as the experiment also contained another part on surface microbial monitoring,
which is not reported in this paper.
2.1. Room Setting
Each room was designed for a maximum of 30 students, i.e., containing 30 cubicles (Figure 1).
There were 26 students (13 male and 13 female) in Room 1 on the first experiment day (day 1), and
23 students (12 male and 11 female) in Room 2 on the second experiment day (day 2). A total of
32 students participated in the experiment, and 17 of them in both experiments. Among 32 participants,
27 students were those who worked in the institute and five students were invited by some students
who were in the institute. In addition, three pairs of students were romantically involved. We selected
these students because they were familiar with the experimental environment, which should minimize
any bias caused by environment. The length (12.2 m) and height (2.73 m) of both rooms were the same,
and the layouts of the cubicles in the two rooms were symmetrical, see Figure 1.
Each room had a water dispenser and a group of lockers. Only Room 2 had a printer. Each room
was divided into six cubicle regions (marked by dotted lines in Figure 1), and students in the same
cubicle region were more likely to communicate with each other. All of the students were monitored by
22 video cameras (1080P) from 8:30 a.m. to 9:30 p.m. The indoor temperature during the experimental
days, which controlled by central air conditionings, was between 26 and 27 degrees. There were
27 fluorescent tubes on the ceiling of the office to keep the luminance, therefore, combing with the
high-resolution cameras, most human behaviors can be captured. Each camera monitored one or two
office cubicles, except for two with a global view, one camera for the door, and one camera for the
water dispenser.
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(a)

(b)
Figure 1. Room settings: (a) Room 1; (b) Room 2.

2.2. Detection Devices
The sensors we developed are shown in Figure 2a. The sensors for indoor positioning and head
motion were installed on the participants’ hats, and those for body motion were installed on the chest
of a tight shirt. An ultrawide band (UWB) radio real-time location system (RTLS) was applied to obtain
the indoor positions of all participants [27,28]. The distance resolution of UWB is within 0.1 m when
there is no obstruction. To ensure continuous data transmission, the UWB tag was installed on the top
of each hat, and four UWB anchors were installed on the office ceiling. An inertial measurement unit
(IMU), which can measure and record the position and motion of the head and body (i.e., rotation),
was also installed on the top of each hat and the front of each tight shirt. A microphone was installed
on the collar band of the shirt to determine when the participants were talking. To protect privacy, only
the sound level was recorded. Adjustable bands on the hat and around the head were used to avoid
relative movement between the hat and head. Tight clothing was worn to avoid relative movement
between the shirt and body. All of the data recorded during the experiment were saved in a chip. The
weight of a device on hats and shirts was 73 g, and the weight of hat with fixed accessories was 159 g.
Therefore, each student worn a hat of 232 g on the head and worn a device of 73 g on the shirt. Light
weight brings a much smaller impact on human behaviors.
Rotations were recorded in the form of quaternions. To obtain the absolute (relative to the ground)
rotation of the head and body, all of the participants underwent calibration after wearing and before
taking off the hat and the shirt. During the calibration, the participant stood still and faced the
same wall while keeping his/her head and body upright for 10 s. For any IMU (head or body), the
quaternions during the calibrations before and after the experiment were denoted as qstart and qend ,
respectively. If the difference between qstart and qend was greater than a threshold value (equivalent to
10◦ rotation), it was probable that the participant had moved the hat or shirt during the experiment,
and the data were discarded. Data were also regarded as invalid if the fluctuation of rotation between
10-s calibrations was more than 5◦ . To eliminate drift errors for all sensors, the quaternions were
adjusted from all valid raw data based on spherical linear quaternion interpolation (Equation (1)):


−1 (t−tstart )/(tend −tstart )
,
q = qraw q−1
start qstart qend
1

1
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the quaternions (Figure 2b). Usually, the horizontal rotation of the head relative to the body direction
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components of yb in the x and y directions, respectively. Here, the roll and pitch of the head are relative
to the ground; only the yaw of the head is relative to the body. There is no yaw of the body because
no relevant reference point on the waist was monitored. Therefore, data on three head motions (yaw,
pitch, and roll) and two body motions (pitch and roll) were collected.

(a)

(b)

Figure 2. Device design and motions of head and body. (a) Device for indoor positioning, and head
and body motion detection; (b) current and base vectors for head and body.

All of the sensors were calibrated prior to the experiments. We first installed the IMUs on a
large plate, and performed specific rotations with different angles (e.g., 45◦ , 90◦ , 135◦ , 180◦ ) in three
directions. The IMU was regarded as well-calibrated when the difference between all measured values
and real values was less than 2◦ . The UWB sensors were also calibrated in the experimental rooms
before the experiments. We chose five indoor points at which to perform calibration to reduce the error
of indoor positioning to no more than 10 cm.
2.3. Close Contact Behavior
As motions relevant to the inhalation/exhalation flows, we considered individual head and upper
body motions, human respiratory activities (e.g., coughing, sneezing, and speaking), and the features
of relative position (e.g., interpersonal distance and relative face orientation) of two people. The
definitions of head and body motions can be found in Zhang et al. [11].
Close contact was defined as any full or partial face-to-face interaction within 2 m [23,29–31].
A face-to-face interaction can occur with or without conversation, including when two individuals
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read a book or watch a computer screen together. An event was not counted as close contact if the
distance between the two students was shorter than 2 m but there was no interaction between them; for
example, if two students used their own computers in their own cubicles. If any close contact lasted for
more than 1 s, it was counted as a single close contact. If the two students were separated (more than 2
m apart or with no interaction) by more than 1 s, the individual students’ close contact behavior (e.g.,
with another student at that distance) was counted separately. In this study, interpersonal distance was
defined as the distance between the sensors on the two participants other than those on their faces. In
addition to interpersonal distance, the relative face orientation angle of the two participants was also
obtained. This is the angle between the normal of the two students and ranges from 0◦ to 180◦ [11].
2.4. Data Processing
During the two experimental days, 1,440,492 s of human behavior data were collected. The first
author processed all video episodes second by second, recording all visible close contacts between
each pair of students in the office. The collected data include posture (standing, sitting, and squatting),
whether two students were in close contact, the identities of those in close contact, and the start and
end time of each episode of close contact. The indoor position and head and body motions were
monitored by sensors. The indoor position data on day 1 were unfortunately missed, which means
that all of the valid indoor position data were from day 2. Out of the 23 participants, 21 had indoor
position data during day 2, and in total 717,168 s of indoor position data were collected. Among these
data, 10,827 s (1.5%) was lost or disrupted, and linear interpolation was used to approximate these
data. To maintain the accuracy of all recorded data on head and body motions, we discarded the data
for which the difference between two calibrations was more than 10◦ or the fluctuation during each
calibration was more than 5◦ . After data filtering, 541,200 s of data on head and body motions were
valid. Moreover, a total of 1,250,392 s of valid data on sound levels were recorded by the microphones
over the two days. All of the results reported below are based on these valid data.
3. Results
3.1. General Human Behavior Data
While indoors, the students spent 5.3% of their time standing, 94.6% sitting, and only 0.1%
squatting. We divided the office into functional areas, i.e., occupied office cubicles, vacant office
cubicles, aisle, and areas near public facilities (Figure 3a). Figure 3b shows the distribution of indoor
positions during day 2, where red indicates the highest coverage rate (≥40 times per 25 cm2 ). Occupied
office cubicles had the highest coverage rate, mainly due to occupation by their owner (Figure 3b). The
students spent on average 92.2% of their time staying in their own cubicles. For the remaining 7.8% of
the time, the students occupied other places. The results show that they spent most of the latter time in
the aisle close to the doorway, the area close to the door, and areas close to the printer and the water
dispenser (Figure 3c). Some students had a particularly close relationship with certain others or even a
romantic relationship (e.g., boy-/girlfriend), and their office cubicles had a higher probability of being
occupied by others. Most vacant office cubicles had a very low occupied percentage. In general, when
outside their own cubicle, the students spent 47.9%, 4.5%, 37.4%, and 10.2% of their time in occupied
office cubicles, vacant office cubicles, the aisle, and areas near public facilities.
Based on 541,200 valid data of head and body motions, we obtained the general characteristics of
these motions for the overall group of students. Figure 4a illustrates the head and body motions. The
circle shows the probability distribution of face orientation in the form of a projected half sphere; the
reader can imagine that the eyes are located at the center of the sphere. This half sphere is divided
into 1296 sectors, each of them 5◦ × 5◦ . The top, bottom, left, and right correspond to the participant
raising, lowering, left-turning, and right-turning the head by 90◦ . The center indicates that the student
is looking almost exactly forward.
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(a)

(b)

(c)

Figure 3. Indoor positioning in Room 2 (day 2). (a) Functional area; (b) Distribution of indoor positions;
(c) Distribution of indoor positions by functional area during the time spent in other places (i.e., students
outside their own cubicles). (Indoor positioning data for students 3-4 and 3-5 were lost).

This provides an intuitive visualization of the students’ preferred head motions. In the office, the
students preferred to look towards the red and orange grids in the circle (i.e., lower their head), and
had a very low probability of raising their head (blue grids). To characterize the head motions, we
considered the movement of the head in three directions independently. In the horizontal direction,
the average degree of yaw was 4.1◦ , which means that the students on average slightly turned their
head to the right by 4.1◦ .

(a)

(b)

Figure 4. Indoor human behavior in terms of head and body motion. (a) Head motion; (b) Body
motion. (Yaw of head is relative to the body; pitch and roll of head and all body motions are relative to
the ground).

The students had almost equal probability of turning their head left and right, i.e., the probability
distribution of yaw was symmetric. The average degree of pitch was 23.0◦ , which means that the
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students preferred to lower their head by 23.0◦ on average. Indeed, the head was lowered during
93.5% of indoor time. The students on average tilted (rolled) the head 2.8◦ to the left. The probability
distributions of left and right tilts were almost the same. The students spent 86.1% and 97.4% of time
tilting their head within 15◦ and 30◦ , respectively.
Figure 4b shows the body motions during indoor time. The students on average lowered their
bodies (pitch) by 23.2◦ , and spent 85.6% of indoor time bending their bodies forward. The average
degree of body roll was 3.7◦ , which means that the students on average slightly tilted their bodies to
the right. The probability distribution of roll was almost symmetric. The students spent 86.7% and
98.2% of time tilting their bodies within 15◦ and 30◦ , respectively.
Three postures were considered in this study: standing, sitting, and squatting. Here we only
analyzed head and body motions during standing and sitting because the students spent very little
time squatting (0.1%). Figure 5 lists the probability distributions of head and body motions in three
directions for all students during indoor time. The rolling of the head and body showed little difference
between standing and sitting postures, and the participants had only a slightly higher probability
of bending their head during sitting than during standing. However, the characteristics of yaw and
pitch of the head, and pitch of the body, differed by posture. The average angles of head yaw during
standing and sitting were −3.0◦ and 4.5◦ , respectively. The students on average lowered their heads by
− respectively. The pitch of the body was strongly linked to
30.9◦ and 24.1◦ while standing and sitting,
posture. The average angles of pitch of the body during standing and sitting were 21.2◦ and 24.7◦ ,
respectively. However, the students had a higher probability of keeping their body bent forward at a
large angle during standing (βb > 60◦ during 8.1% of the time) than during sitting (βb > 60◦ during
β
0.7% of the time). The most common forward-bending angle of the body during standing was between
β
10◦ and 15◦ , while that during sitting was 35◦ to 40◦ .

Figure 5. Probability distribution of head and body motions by posture.

3.2. Indoor Behavior During Close Contact
The students spent more than 9.7% of their time in close contact and each student had on
average 4.0 close contact episodes per hour. The probability distribution of close contact fitted a
log-normal distribution (Figure 6). The average and median durations of close contact were 54.5 and
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15 s, respectively. Close contacts with duration between 8 and 16 s had the highest frequency. The
durations of 38.2%, 68.8%, and 82.8% of close contacts were no more than 10, 30, and 60 s, respectively.
From the microphone data, at least one student was speaking during 68.6% of the time during close
contact. One-on-one close contacts accounted for more than 90% of close contact time, while 7.8%,
1.5%, and 0.6% of close contact time involved three, four, and five students simultaneously. Six-student
conversations only accounted for 0.06% of close contact time.

Figure 6. Probability distribution of duration per close contact.

During close contact, 22.9%, 76.3%, and 0.8% of students stood, sat, and squatted, respectively
(Table 1). During 59.6% of the close contact time, both students were sitting. The pattern of one
standing and one sitting was adopted during 33.5% of the close contact time. The students almost
never chatted with each other while one stood and one squatted (0.1% of close contact time).
Table 1. Probability distribution of individual postures and posture pattern of students during
close contact.
Description

Posture

Percentage

Individual posture

Sitting
Standing
Squatting

76.3%
22.9%
0.8%

Posture pattern

Sitting-sitting
Sitting-standing
Standing-standing
Sitting-squatting
Others

59.6%
33.5%
5.6%
1.2%
0.1%

Figure 7 shows the characteristics of close contact. As can be seen, 68.2% of the close contacts
were between students in the same region, and most were between adjacent students. Only 13.2% of
the close contacts were between students in remote regions (Figure 7a). Influenced by the circulation
of people, students near the aisle and the door had a higher probability of being contacted (Figure 7b).
From Figure 7c, the greater the distance between the office cubicles of two students was, the lower
was the probability of a close contact. The average cubicle distance between two students for close
contact was 1.25 areas (for the area distribution refer to Figure 3a), and 77.2% of close contacts occurred
between two students with a cubicle distance of no more than three areas. The student who had the
closest contacts had 50.5 episodes per hour (Figure 7d). On average each student had 4.0 close contact
episodes per hour, and no one had zero close contacts during either day. During the two days, 12.2%
(total pairs of contact: 141; possible pairs of contact: 1156 = 26 × 25 + 23 × 22) of all possible pairs of
students had close contact. Each pair of students had close contact on average 11.3 times per day, and
the pair with the highest frequency of close contacts had 100 episodes per day (Figure 7e). As shown in
Figure 7f, 22.4%, 40.8%, 59.2%, and 85.7% of the students spent no more than 1%, 5%, 10%, and 20% of
their time in close contacts, respectively. The most sociable student spent 34% of her indoor time in
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close contact. The average and median ratios of close contact time to total indoor time were 9.7% and
6.4%, respectively. During the two days, the students had close contacts with an average of 8.4 and 4.2
students, respectively. The most sociable student had close contacts with 10 and 20 students during
day 1 and day 2, respectively (Figure 7g).

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

Figure 7. Characteristics of close contact. (a) Probability distribution by relative position of students’
office cubicles (same region means two students are in the same region but not adjacent or back to back;
percentage shows the episodes of close contact occurred in different relative positions); (b) Probability
of area occupancy by area during close contact between remote students (students in different regions).
The colour bar shows the ln values; (c) Probability distribution by distance between work cubicles of
two students (distance is calculated as number of functional areas between cubicles of the two students,
as illustrated in Figure 3a. For example, distance = 1 for adjacent or back-to-back office cubicles,
and distance = 5 between cubicles 2-2 and 3-2 (see Figures 1b and 3a)); (d) Cumulative probability
distribution by frequency of close contact (episodes/hour); (e) Cumulative probability distribution by
total episodes of close contact per day between each pair of participants (episodes/day); (f) Cumulative
probability distribution by ratio of close contact time to total indoor time (%); (g) Cumulative probability
distribution by number of contacted students per day; and (h) Distribution of number of students who
stayed in the room and had close contact during day 1 and day 2 (black and blue points are total number
of indoor students and total number of students in close contact, respectively).
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From Figure 7h, the times of day with the most students in the office were between 9:30 and 11:30
and between 13:00 and 17:30. The peak frequency of close contact was between 11:00 and 12:30 and
after 16:00.
Figure 8 shows the interpersonal distance by posture and gender. The average interpersonal
distance during close contact was 0.81 m. The average interpersonal distances between sitting-sitting,
standing-standing, and standing-sitting students were 0.74 m, 0.93 m, and 0.88 m, respectively. There
were three peaks of interpersonal distance during close contact between two students who were
sitting. As shown in Figure 8a, the first peak (0.1–0.3 m) was caused by pairs of participants with
a very close relationship (e.g., boy-/girlfriend), the second peak (0.6–0.7 m) was caused by pairs of
students who sat back-to-back, and the third peak (1.1–1.2 m) corresponded to the distance between
two adjacent students. The probability distributions of interpersonal distance for sitting-standing
students and standing-standing students accorded with log-normal distributions, and the most frequent
interpersonal distances were 0.5 and 0.7 m, respectively. As 60% of close contact was between two
sitting students, the overall probability distribution of interpersonal distance (black line) was similar to
that of two sitting students.
From Figure 8b, 21.4%, 22.8%, 38.1%, and 17.7% of close contacts were between two male students
(M-M), two female students (F-F), a male and a female student (non-couple) (M-F_NC), and couples
(M-F_C). The contact rates (ratios of actual relationships with close contact to total possible relationships)
for M-M, M-F, and F-F were 15.7%, 25.9%, and 10.3%, respectively. The average episodes of close
contact per day between each pair of M-M, M-F_NC, M-F_C, and F-F who had contact with each other
were 6.9, 8.2, 70.5, and 12.1, respectively. The average durations per close contact between each pair of
M-M, M-F_NC, M-F_C, and F-F were 68.3, 48.7, 53.6, and 58.5 s, respectively. The average interpersonal
distances during close contact between these four groups were 0.88 m, 0.70 m, 0.96 m, and 0.71 m,
respectively. There was no interpersonal distance shorter than 0.2 m during close contact between two
male students. Two female students preferred close contact at a short distance (0.1–0.4 m). Students of
different genders (non-couple) had two peaks of interpersonal distance, which were related to their
seating position. Couples had a normal distribution of interpersonal distance, and preferred distances
between 0.4 and 0.6 m.

(a)

(b)

Figure 8. Probability distribution of interpersonal distance by: (a) Posture; (b) Gender.
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There were three major posture patterns during close contacts in the office: sitting-sitting (both
students sitting), standing-standing (both students standing), and sitting-standing (one student sitting,
the other standing). The head and body motions of students and relative face orientation angles
between students under different patterns of posture during close contact are shown in Figure 9.
When two students were both standing or sitting, they preferred to look slightly downward. The
average pitch angles of the head under sitting-sitting and standing-standing were 14.7◦ and 20.1◦ ,
respectively (Figure 9a,b). The average pitch angles of the body under these two conditions were 24.3◦
and 17.8◦ , respectively. However, under the sitting-standing condition (Figure 9c), the eye direction of
the standing student was much lower than that of the sitting student.

(a)

(b)

(c)
Figure 9. Head and body motions during close contact by posture of the two students: (a) Sitting-sitting;
(b) Standing-standing; (c) Sitting-standing. (The circle shows the face orientation of the student; see
Figure 4a).
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The average pitch angles of the head of the sitting and the standing students in a sitting-standing
pattern were 11.3◦ and 34.0◦ , respectively, and the average pitch angles of the body were 22.2◦ and
33.9◦ , respectively. The relatively low probability of looking downward for the sitting student implies
that the standing student was usually located at the side of the sitting student rather than face-to-face.
Standing students had a very high probability of facing downward.
Two sitting students had a high probability of only a slight relative angle of face orientation
(5◦ to 25◦ ) during close contact, which means that they usually faced in similar directions. Two
standing students preferred face-to-face close contact with a relative face orientation angle between
150◦ and 170◦ . There was no obvious preference regarding relative face orientation angle under the
sitting-standing pattern.
4. Discussion
4.1. Automatically Collected Indoor Human Behavior
In this study, we provided the first comprehensive dataset combining the indoor position, head
and body motions, and posture of students at the same time which are helpful for infection risk
assessment via close contact route. Indoor human behavior is strongly dependent on the type of indoor
environment. In a hospital ward, patients usually lie in their beds, while health care workers walk
between rooms and beds [32]. In an aircraft cabin or a cruise ship, passengers usually sit in their seats,
while crew members walk through the aisle to provide service and food [33–35]. Both passengers in
an aircraft cabin or a cruise ship and students in an office spend most of their time in their own seats
or in aisles. Children in nurseries have been found to spend more time standing than sitting during
indoor free-play time [36]. In a primary school, pupils have been found to spend 2.1 times more time
sitting than standing during school hours [37]. However, in this study of a graduate student office, the
students spent 94.6% of their time sitting. Therefore, people may tend to prefer sitting with increasing
age, although the type of environment is also highly influential.
Close contact is an important activity in daily life, and also plays a critical role in infectious
disease transmission. The duration of close contacts directly determines the exposure to viruses. Many
researchers have reported the distribution of the duration of close contact (Figure 10) in different types
of indoor environment. However, RFIDs or wireless sensors can only detect close contacts at intervals of
20 s [24,31,38–41], an insufficient temporal resolution for close contacts, which have a median duration
of only 17 s. Although video observations can reach a temporal resolution of 1 s [11], the subjectivity
of video analysts and the huge workload are two major shortcomings. As summarised in Figure 10, all
types of indoor environment show similar values of the cumulative probability distribution (CDF) of
the duration of close contacts. Brief close contacts (<20 s) are dominant, and prolonged close contacts
(>300 s) are rare. Conferences and museums have a higher rate of long close contacts, while in hospitals
and congress buildings shorter close contacts are more common. In a video observation study of a
graduate student office, the average and median duration of close contact were 53.8 s and 17 s [11],
respectively. Our study, meanwhile, found the average and median duration to be 54.5 s and 15
s, respectively.
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Figure 10. Cumulative probability distribution (CDF) of duration per close contact.

4.2. Close Contact Behavior
We collected and analyzed three types of data during close contact: indoor position, head and body
motion/movement, and posture. These three factors are important to infectious disease transmission.
Indoor position can help calculating the interpersonal distance of people during close contact. The
infection risk decreases sharply with the increase of the interpersonal distance [12,20,42,43]. Posture,
and head and body movement influence the body plume during close contact. For example, short-range
exposure can be affected strongly by body plumes [44]. Frequent movement of the head and body
during conversation can change not only the orientations of the exhaled/inhaled airflows, but also the
patterns of body convective flows and the thermal plume. The exhaled airflows of two people also
interact with and affect each other [12]. Various gestures involving small movements of the hands,
palms, legs, eyebrows and other small-scale facial features may not significantly affect the body plume
or exhaled flows [45,46]. Posture also important in droplet deposition. For example, more droplets
may deposit on thighs of a sitting person if he/she talks with an infected. People have high probability
to touch their thighs and legs with the frequency of more than 30 times per hour [19]. It may lead
to a high infection risk because people also have high touch frequency on mucous membranes [47].
Relative face orientation is a critical factor for exposure during close contact, and it could be calculated
by body and head motion. Previous studies found that the exposure during face-to-face close contact is
the most, followed by face-to-side pattern, while face-to-back pattern had the lowest exposure [21,22].
As no such data on indoor human behavior in an office had previously been published, we
mainly compared the sensor-collected data from this study with those of our previous experiment
based on video observation [11] (Table 2). As head and body motions cannot easily be recorded using
observation methods, the accuracy is difficult to guarantee. This may be the cause of the disagreements
between the results in Table 2. In addition, in our previous experiment, all participants were students
whose cubicles were in the studied office. In this study, however, some students were from the next
room and some were invited into the office under study by students who worked there. Therefore, the
various relationship networks may have caused the difference in the characteristics of close contact
and of indoor human behaviors during close contact.
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Table 2. Comparison of indoor human behaviors during close contact in a graduate student office
between the previous observation study and the present sensor-based study.
Parameter.
Individual
posture
Posture
pattern of
two
students
Number of
students
per close
contact

Description

OB 1

SB 2

Parameter

Sitting

59.5%

76.3%

Average ID 3

Standing
Squatting

40.4%
0.1%

22.9%
0.8%

Sit-sit
Sit-stand

34.3%
46.2%

59.6%
33.5%

Stand-stand
Others

18.3%
1.2%

5.6%
1.3%

2

87.5%

90.1%

3

11.1%

7.8%

4

1.2%

1.5%

5

0.1%

0.6%

≥6

<0.1%

<0.1%

ID by gender

ID by posture

Head/body
motion

Description

OB 1

SB 2

0.67 m

0.81 m

M-M
F-F

0.66 m
0.55 m

0.88 m
0.70 m

M-F (NC)
M-F (C)

0.79 m
0.58 m

0.96 m
0.71 m

Sit-sit
Sit-stand

0.59 m
0.72 m

0.74 m
0.88 m

Stand-stand

0.70 m

0.93 m

0.9◦

2.3◦

10.3◦

17.9◦

10.6◦

25.3◦

0.1◦

3.7◦

Head
(yaw)
Head
(pitch)
Body
(pitch)
Body
(bend)

1 Observation study: all data obtained through observation of video tapes by video analysts.11 2 Sensor-based study
(this study): all data obtained by sensor detection. 3 ID: interpersonal distance.

Our previous experiment showed that students spent 9.9% of their time in close contact interactions,
while in this study that percentage was 9.7% ± 8.8%. The probability distributions of the students’
posture during close contact differed between the two experiments, although sitting was always
the most common posture, followed by standing. Almost none of the students had close contact
when squatting. Sitting-sitting and sitting-standing were the most common posture patterns during
close contact. In this study, the sitting-sitting pattern was much more dominant than in the previous
experiment because all students chose their office cubicles before the experiment. Students with the
closest relationships sat next to each other, and could chat without standing up or walking. During
both experiments, one-on-one close contact accounted for almost 90% of all close contacts. The number
of participants per close contacts depends on the type of indoor environment. For example, more
people will participate in a close contact in a group discussion, while one-on-one close contact is very
highly probable in a doctor’s consulting room.
Preferred interpersonal distances differ by culture, ethnicity, relationship, personal habits, age,
gender, and ambient environment [48]. Closer interpersonal distance means higher virus inhalation
which increases infection risk via close contact route [42]. The average personal distances for
acquaintances and intimately close persons in China are 83.6 and 57.6 cm, respectively [49]. However,
there is no clear definition of interpersonal distance. Our previous study defined the interpersonal
distance as that between two mouths, while this study defined it as the distance between two sensors
worn on the top of the head. The previous study showed the average interpersonal distance in the
office to be 0.67 m. In this study, the average interpersonal distance (0.81 m) was larger because
of the different definitions of this parameter. Both experiments found the same effect of gender on
interpersonal distance: two female students adopted the shortest distance while students of different
genders (non-couples) were farthest apart. As an office is a public area, intimate couples do not interact
at such close distance as they would otherwise. Posture also influences the interpersonal distance. Both
experiments showed that two sitting students had the shortest interpersonal distance. In this study,
more than 50% of close contacts were between adjacent or back-to-back students, and the probability
distribution of interpersonal distance was strongly influenced by their cubicle positions. A compact
indoor design would lead to shorter interpersonal distance during close contact.
The circulation of people around the office strongly influenced the probability of close contacts.
Students at long distances apart had low probability of contact with each other. Therefore, a linear office
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cubicle design would lead to a lower close contact frequency compared with a matrix design because
of longer average distance. People are generally disinclined to make close contact with someone a long
distance away if there is no critical information to communicate. In this study, most close contacts
were between students sitting in the same region because students with good relationships had chosen
to sit together. Most students in this office were acquaintances, and had high probability of a brief
close contact when encountering each other. Therefore, the students near the aisles, especially those
near the door, had a high close-contact frequency with remote students (Figure 7b) as a result of office
circulation. There was no close contact between 88% of the possible pairs of students (connection
rate = 12%). In general, this value is strongly related to the level of intimacy between people indoors.
For example, the connection rate tends to be very high in a home, but low in public environments such
as conference rooms and aircraft cabins. This may explain why homes have a higher infection risk
than other environments during an infectious outbreak [29].
This sensor-based study recorded higher pitch values of the head and body, which showed that
students preferred to lower their head and lean their body forward. When sitting, they were usually
looking at a computer monitor (mostly laptop computers) or reading a book from a desk, and therefore
both the torso and head leaned forward. Over the long term, such a sitting posture may lead to a high
prevalence of kyphosis among students [50]. Research has also showed that tilting the head forward by
15◦ places about 27 pounds of force on the neck [51]. This increases to 40 pounds at 30◦ , 49 pounds at
45◦ , and 60 pounds at 60◦ [51]. The damage caused by untreated ‘text neck’ can be of similar severity
to occupational overuse syndrome or repetitive stress/strain injury. The office management team could
be encouraged to educate their workers and provide ergonomic office equipment such as laptop stands
to promote proper posture.
In simulations of infectious disease transmission via the close contact route, face to face is the
most common orientation assumed, and all heads are assumed to be at the same height [12,20].
However, in our analysis, the students spent relatively little of their close contact time in a face-to-face
position. Staring at the same screen, reading the same paper, or chatting without making eye contact
were also common. Before this study, no data had been published on the percentage of time spent
speaking during close contact. We found that students in close contact on average spent 68.6% of
their time speaking. Studies have shown that talking for 5 min can generate the same number of
droplet nuclei as a cough, i.e., some 3000 droplet nuclei [10], and speaking usually involves prolonged
exhalation [52]. Our data may provide a reference for the simulation of infectious disease transmission
via speaking during close contact. Moreover, combined with indoor surface touching behaviors [19], a
comprehensive simulation of infection spread in an office considering the long-range airborne, fomite,
and close contact routes could be performed [29]. The results would provide support for infection risk
analysis on a large scale such as a city [5,53].
4.3. Limitations
This study has several limitations. The presence of the cameras might have had a psychological
impact on the students’ behaviors. The experimental hats and shirts showed slight relative movement
when the participants moved their heads and bodies. Although we discarded some data with very
large fluctuations, some error remained (resolution: 5◦ ). Still, this error was much smaller than that of
observation methods. Another limitation is that the interpersonal distance was defined as the distance
between two sensors installed on the top of the experimental hats rather than between two mouths
or noses. The interpersonal distances obtained in this study were longer than those between two
mouths/noses, which are normally used to simulate close contact between two persons. Our experiment
collected more than 1440,000 s of indoor data and more than 139,000 s of close contact data over 2 days.
This data volume is large, but still insufficient to represent all indoor human behaviors in graduate
student offices. Moreover, the close contact behaviors presents the characteristics in the office with
around 25 students. Building type and total indoor population will influence the human behaviors.
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5. Conclusions
Students spent long time on close contact (9.7%) in the office, which may explain the importance
of the close contact route for many respiratory infections. The probability of close contact decreased
exponentially with the increasing distance between two students’ cubicles. Therefore, students who sit
closer to the infected student, have much higher infection risk via close contact route than students who
sit further. Comparing with pairs of sitting students, pairs of standing students had lower infection risk
via close contact route because they did not prefer a face-to-face talk. The fact that standing students
much preferred lower their head and body than sitting students may lead to a shorter distance of
exhalation jet than we thought.
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Abstract: In July 2013, a train carrying crude oil derailed in Lac-Mégantic (Canada). This disaster
provoked a major fire, 47 deaths, the destruction of 44 buildings, a massive evacuation, and an
unparalleled oil spill. Since 2013, Public Health has undertaken several actions to address this
challenging situation, using both quantitative and qualitative methods. Community-based surveys
were conducted in Lac-Mégantic in 2014, 2015 and 2018. The first two surveys showed persistent and
widespread health needs. Inspired by a salutogenic approach, Public Health has shifted its focus
from health protection to health promotion. In 2016, a Day of Reflection was organized during which
a map of community assets and an action plan for the community recovery were co-constructed
with local stakeholders. The creation of an Outreach Team is an important outcome of this collective
reflection. This team aims to enhance resilience and adaptive capacity. Several promising initiatives
arose from the action plan—all of which greatly contributed to mobilize the community. Interestingly,
the 2018 survey suggests that the situation is now evolving positively. This case study stresses the
importance of recognizing community members as assets, rather than victims, and seeking a better
balance between health protection and health promotion approaches.
Keywords: disaster; psychosocial impacts; community resilience

1. Motivation
1.1. The Lac-Mégantic Train Derailment Disaster
On 6 July 2013, in the middle of the night, a train carrying crude oil derailed in the heart of
Lac-Mégantic (Quebec, QC, Canada). This small town, situated on a lakeshore in the Estrie region of
the province, has a population of 6000 residents.
The train, with no engineer at the controls, spontaneously rolled downhill from its night stop
location 11 kilometres away, toward the town of Lac-Mégantic. With a relatively constant downhill
slope, the train’s descent accelerated to almost 100 kph by the time the locomotives encountered a sharp
curve in downtown Lac-Mégantic and most of the trailing cars derailed. As they derailed, 63 tank cars
ruptured and escaping crude oil ignited, leading to a succession of powerful explosions and a major
conflagration. The fire spread rapidly to nearby structures, destroying 44 buildings. The derailment,
the explosions and the subsequent fire resulted in 47 deaths and necessitated mass evacuation of 2000
persons, equivalent to one-third of the town’s population.
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With the coupling of human suffering and environmental degradation, the Lac-Mégantic
derailment caused serious psychosocial and economic consequences, including the relocation of
many families forced to leave their homes, loss of many jobs, and closure of many local businesses
for weeks before relocating elsewhere in town [1]. Given the impact of this technological disaster,
the involvement of public health personnel and resources was critical throughout the emergency
response operations. The Public Health Department (PHD) for the Estrie region responded immediately
to provide direct services needed to protect the citizens of Lac-Mégantic and on-site responders from
several health hazards. The priority at that time was to assess, communicate, and manage immediate
risks to public health associated with exposure to chemical, physical and biological agents [1].
In the face of disasters, it is important to recognize that the operational domain of public health in
affected communities extends beyond health protection and disease prevention to include promotion
of health and well-being. It is with this in mind that Estrie PHD, in collaboration with researchers in
the field of psychosocial recovery, conducted a population health survey entitled “Enquête de santé
populationnelle estrienne” (ESPE) in 2014. Unknowingly, this was the first of a long series of promising
initiatives to mobilize the local community in this post-disaster landscape.
1.2. The Salutogenic Approach
The approach and orientation of the Theory of Salutogenesis are now well established in health
sciences and used in various health promotion settings and contexts [2]. Unlike traditional preventive
approaches aimed at identifying risk factors, limitations or diseases, asset-based approaches are used
to identify factors fostering well-being, resources, or abilities [3]. According to the scientific literature,
a greater stock of health assets empowers individuals and communities and helps to improve health and
well-being. This is true both directly (i.e., health assets are associated with better health outcomes [4])
and indirectly (i.e., health assets moderate the relationships between a disadvantaged social position
and negative health outcomes [5,6]). Examining the role of salutogenic factors in disaster contexts,
however, needs further exploration as the field of health emergency and disaster risk management
places much more focus on hazards, risks factors, vulnerability, and short- and long-term adverse
health outcomes.
1.3. Objectives
Through the case of the Lac-Mégantic train derailment tragedy, we aim to discuss how salutogenesis
can be used as a relevant and complementary framework in disaster settings, and how it can be
incorporated into post-disaster recovery strategies to promote resilience. More specifically, the objectives
of this case study are to: (1) describe the salutogenic approach applied to the Lac-Mégantic train
derailment, (2) present the long-term psychosocial outcomes of this disaster, and (3) discuss some
benefits observed from applying a salutogenic approach in a post-disaster landscape.
2. Approach
2.1. Quantitative Approach in Addressing a Challenging Environment
Any collective trauma, including technological or natural disasters, is likely to lead to adverse
health impacts among survivors and the wider community. Due to the experience of extensive stress
and loss, people exposed to large-scale disasters like the Lac-Mégantic train derailment are subject to
long-term adverse outcomes [1]. There is now a solid evidence base for the substantial effects of such a
tragic event on psychological health in directly affected communities, which may persist over time
in the absence of adequate support. Interestingly, disasters may also result in positive psychological
outcomes in some exposed persons [7–12].
Among actions that can be performed by public health agencies to bring support to local
communities following disasters, monitoring long-term psychosocial outcomes (both positive and
negative ones) is certainly relevant. Monitoring helps tailor interventions aimed at supporting affected
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individuals and communities, by promoting their resilience and recovery processes. The Estrie PHD,
in close collaboration with the “Université du Québec à Chicoutimi” (UQAC) and the “University
of Sherbrooke”, has therefore spent the first years following the event tracking the health needs and
assets of those living in the Granit area using repeated cross-sectional community-based surveys.
In 2014, one year following the rail disaster in Lac-Mégantic, the PHD conducted a first health
survey using a community-based random sample of 811 adults from the Granit area and additional 8000
adults residing elsewhere in the Estrie region. This representative sample responded to a telephone or
web survey covering a variety of physical and psychological health outcomes. The second phase of the
ESPE was carried out in the fall of 2015 and sought to better understand the local population’s health
and well-being, along with its possible link to the July 2013 railway disaster. In total, 1600 adults were
recruited randomly in 2015 to take part in this large-scale telephone survey. These included 800 from
the Granit area, and 800 from elsewhere in the Estrie region. In the fall of 2018, a third, similar, survey
was conducted and is referred to as phase 3. Each of these three studies is composed of a separate
sample of adults residing in the Granit area or elsewhere in Estrie; the original sample of participants
was not monitored across time. While an additional study was conducted in 2016 by UQAC, a different
sampling strategy was used; therefore, it is not used for comparison with the other surveys [13,14].
The adults who agreed to participate in these studies were asked to answer an anonymous
questionnaire, which took approximately 30 min to complete. A number of questions were identical
across all three surveys, allowing for the comparability of results over time (years 1 to 5 following
the tragedy). Various psychosocial outcomes were examined, including adverse effects of disasters
(e.g., psychological distress, depressive episodes, signs of post-traumatic stress, diagnosed anxiety or
mood disorders, social worker or psychologist consultation, anxiolytic drug use, alcohol abuse), but also
positive ones (e.g., resilience, positive mental health, sense of coherence, sense of community belonging,
social support). The following outcomes, all self-reported, were examined in at least one of the three
cross-sectional surveys. These outcomes have been described more thoroughly elsewhere [8,15].
Deficit-based outcomes: Perception of fair or poor general health, excessive drinking episodes
(at least once a week), finding most of the days stressful, psychological distress in the past month,
based on the 6 item Kessler Scale (K6, ≥7; [16]), signs of post-traumatic stress in the last week (specific
to the train derailment) based on the 15 item Impact of Event Scale (score ≥ 26 [17,18]), diagnosed
anxiety disorders, diagnosed mood disorders, social worker or psychologist consultation in the past
year, and perception of insecurity in the neighbourhood.
Asset-based outcomes: Resilience in the past month, based on the 10 item Connor–Davidson
resilience scale (score ≥ 30; [19]), positive mental health, in the past month, based on the 14 item
Mental Health Continuum-Short Form questionnaire [20,21], sense of community belonging, sense
of coherence, based on the short version (3 items) of the sense of coherence (score ≥ 5; [22]), social
support, based on the Multidimensional Scale of Perceived Support (score ≥ 69; [23]).
2.2. Qualitative Approach in Addressing a Challenging Environment
The release of the ESPE 2015 data (i.e., in February 2016) stimulated the emergence of health
promotion and advocacy interventions for the local population in Lac-Mégantic. Given the magnitude
of the tragedy, it was necessary to take a step back to understand the situation in relation to the normal
process of community recovery. It was in this context that in March 2016, the Estrie PHD intensified its
work with community partners, first by organizing a day of collective reflection. The purpose of this
initiative was to work together to gain understanding of the situation and reverse the cycle. During
this day, no fewer than 50 key actors (decision makers, stakeholders, citizens and experts) gathered.
The reflection day was divided into two parts: (1) conference and workshops on resilience and lessons
learned from the past and (2) conference and workshops on levers for long-term recovery and priorities
for the future.
A defining moment during the Day of Reflection occurred during an asset-mapping activity
through which participants were invited to construct together an historical timeline that traces key
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milestones in recovery of their community and to recognize the progress made (Figure 1). More
precisely, they were first divided in subgroups, where they had to highlight good moves, or successful
interventions and initiatives implemented by local partners and citizens since the tragedy. Then,
subgroups had to share their respective thoughts to the larger group in order to collectively construct
the timeline. By doing so, the large group was able to identify a wide and diversified range of local
assets, including physical, cultural, economic, social and spiritual ones, that all created positive effects
on the community.

Figure 1. Historical timeline tracing key milestones in recovery of Lac-Mégantic community
(March 2016).

Throughout the Day of Reflection, a common vision of the desired future emerged and priorities
for action and research were identified, leading to the co-construction of what would become the “Plan
for the Recovery and Development of a Healthy Community in Lac-Mégantic and the Granit area”.
This plan pursues the following objectives:
1.
2.
3.

Maintain and adapt psychosocial services to the needs of individuals and the community
(outreach services),
Stay connected with the community, and
Promote community involvement.

In the weeks following the elaboration of the plan (i.e., April 2016), PHD advocated for additional
funding to support its implementation. In June 2016, the “Ministère de la Santé et des Services sociaux”
and the Canadian Red Cross announced substantial investments that would serve as financial levers
to implement the adopted action plan. The ESPE data was an important contribution supporting an
informed decision, based on understanding of the long-term psychosocial impacts of the tragedy.
In sum, holding such a Day of Reflection, which brought together key players from the community,
contributed to the development of a common vision of solutions and the transmission of a clear,
coherent and positive message to decision-makers and the community.
“Building a project together is really motivating. Especially since everyone feels involved: from citizens
to elected officials. It was a very inspiring day!” —A participant of the collective reflection day.
This positive experience supports existing knowledge that beyond traditional surveys, qualitative
methods are valuable for listening to, learning from, and engaging local partners and high-risk citizens.
Through inclusive and empowering approaches, public health practitioners and researchers can better
integrate members of the community as assets rather than victims and take into considerations their
capacities in addition to their needs [24].
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3. Results
3.1. Observations from the Community-Based Surveys (Quantitative Approach)
3.1.1. The First Years Following the Disaster
In 2014, some differences were observed in the prevalence of deficit-based and asset-based
psychosocial outcomes as a function of residential location (Lac-Mégantic, elsewhere in the Granit area,
or elsewhere in the Estrie region) (Table 1). Many of these “psychosocial gradients” were stronger
in 2015 [15]. Anxiety disorders, for instance, were twice as high in Lac-Mégantic residents as in
other residents of the Estrie region in 2015 (14.1% vs. 7.2%, p = 0.003). In the same vein, adults in
Lac-Mégantic, as opposed to those living elsewhere in the Estrie region, were less likely to report a
high level of resilience in 2015 (47.8% vs. 63.3%, p < 0.0005), while this was not the case the year before.
Similar observations were made for optimal mental health.
Significant time trends from year one to year two post-disaster were also observed. While most
psychosocial outcomes did not show any statistically significant improvement among adults, the use
of psychosocial services decreased by half among adults residing in Lac-Mégantic between 2014
and 2015 [15].
Some deficit-based (e.g., post-traumatic stress) and asset-based outcomes (e.g., sense of coherence)
were only examined as from 2015 (Table 2). Findings from the second wave revealed seven in ten
adults in Lac-Mégantic showed moderate to severe signs of post-traumatic stress two years after the
disaster. On another note, a strong sense of coherence was observed among 48.2% of adults residing
in Lac-Mégantic, regardless of residential location, and this proportion was significantly lower than
that observed elsewhere in the Estrie region (61.1%). These findings suggest that the stock of health
assets can weaken with time among people directly impacted by a disaster, especially in the absence of
adequate support and services [8].
Table 1. Deficit- and asset-based outcomes among a community-based sample of adults according
to residential location, two years and five years post-disaster (e.g., Lac-Mégantic train derailment,
6 July 2013), Estrie region, 2014 and 2015.
2014

Deficit-based
outcomes
Perception of fair/poor
general health
Excessive drinking
(≥1 episode/week)
Finding most of the
days stressful

2015
Lac-Mégantic

Granit
(Elsewhere)

Estrie
(Elsewhere)

n = 261

n = 539

n = 800

0.763

19.3%

9.7%
(-)

9.6%
(-)

<0.0005

10.2%

0.976

14.6%

13.3%

10.1%

0.087

21.2%

0.862

24.9%

18.2%

22.2%

0.063

22.1%

<0.0005

Lac-Mégantic

Granit
(Elsewhere)

Estrie
(Elsewhere)

n = 240

n = 571

n = 7926

13.0%

13.9%

12.9%

10.5%

10.4%

19.6%

21.2%

p Value

p Value

28.9%

30.4%

23.8%

0.001

34.1%

23.2%
(-)

10.1%

7.0%

6.4%

0.080

14.1%

8.2%

7.2%

0.003

7.2%

5.5%

5.9%

0.621

9.4%

5.3%

6.6%

0.100

26.9%

10.2%

10.3%

<0.0005

15.5%
(-)

11.9%

11.7%

0.240

8.2%

2.0%

2.5%

<0.0005

13.2%

2.8%

1.4%

<0.0005

High level of resilience

55.9%

53.2%

56.0%

0.428

47.8%

55.8%

Optimal mental health

50.6%

47.0%

49.4%

0.504

44.5%

53.1%
(+)

63.3%
(+)
55.1%
(+)

Strong sense of
belonging to the
community

80.5%

67.3%

55.9%

<0.0005

79.1%

78.2%
(+)

67.0%
(+)

Psychological distress
Anxiety disorder
diagnosed by a
physician
Mood disorder
diagnosed by a
physician
Social worker or
psychologist
consultation
Perception of insecurity
in the neighbourhood
Asset-based outcomes
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<0.0005
0.014
<0.0005
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3.1.2. Long-Term Trends in Psychosocial Outcomes Following the Disaster
Given the increased efforts to support recovery in Lac-Mégantic in recent years, has there been
any progress in terms of psychosocial outcomes? With regards to all the data collected from our
three surveys, major findings emerge. First, the adverse psychosocial impacts observed in the years
following the Lac-Mégantic rail tragedy in 2013 seem to be receding. For example, after reaching a
peak in 2015, the proportions of adults reporting an anxiety disorder diagnosed by a doctor stabilized
in 2018 in Lac-Mégantic. On the other hand, these proportions increased significantly elsewhere in
Estrie from 2014 to 2018. In other words, the gap that had developed between Lac-Mégantic and the
rest of Estrie in the first two years after the tragedy is no longer, in many respects [25].
Second, there was still a very high prevalence of signs of post-traumatic stress in 2018 (71.9%).
Despite a gradual adaptation of citizens to the losses and stressors experienced during and after the
2013 tragedy, the local community has been deeply affected by the traumatic event and its aftermath.
These markers could persist for many years, despite an outward appearance of adaptive functioning of
individuals and their community. Finally, protective factors are increasingly observed in Lac-Mégantic,
particularly social support and sense of belonging to the community that were especially strong
in 2018 [25]. These factors may act as powerful moderators of the adverse effects of primary and
secondary stressors typically arising from large-scale disasters.
Table 2. Deficit- and asset-based outcomes among a community-based sample of adults according to
residential location, two years and five years post-disaster (e.g., Lac-Mégantic train derailment, 6 July
2013), Estrie region, 2015 and 2018.
2015
Granit
Lac-Mégantic
(Elsewhere)

Deficit-based
outcomes
Perception of fair/poor
general health
Excessive drinking
(≥1 episode/week)
Finding most of the
days stressful
Psychological distress
Moderate or severe
post-traumatic stress
Anxiety disorder
diagnosed by a
physician
Mood disorder
diagnosed by a
physician
Perception of insecurity
in the neighbourhood
Asset-based outcomes
Strong sense of
coherence
Strong sense of
belonging to the
community
High level of social
support

2018
Estrie
(Elsewhere)

n = 261

n = 539

n = 800

19.3%

9.7%

9.6%

p Value

<0.0005

Lac-Mégantic

Granit
(Elsewhere)

Estrie
(Elsewhere)

n = 244

n = 564

n = 8022

11.3%
(−)

12.3%

10.0%

0.196

7.6%
(−)

0.177

p Value

14.6%

13.3%

10.1%

0.087

9.8%

9.3%
(−)

24.9%

18.2%

22.2%

0.063

23.8%

17.5%

20.3%

0.101
0.198

34.1%

23.2%

22.1%

<0.0005

32.9%

26.5%

28.9%
(+)

66.6%

35.1%

6.7%

<0.0005

71.9%

34.7%

N/A

<0.0005

14.1%

8.2%

7.2%

0.003

11.3%

8.4%

9.0%

0.351

9.4%

5.3%

6.6%

0.100

8.6%

5.5%

6.8%

0.252

13.2%

2.8%

1.4%

<0.0005

3.2%
(−)

1.5%

2.1%

0.238

48.2%

47.9%

61.1%

<0.0005

46.6%

51.3%

54.8%
(−)

0.039

79.1%

78.2%

67.0%

<0.0005

81.8%

66.7%
(−)

56.4%
(−)

<0.0005

58.7%

67.9%

67.2%

0.033

67.6%

63.7%

67.3%

0.460

(+): Significant increase from 2015 to 2018. (−): Significant decrease from 2015 to 2018.

3.2. Observations from the Field (Qualitative Approach)
3.2.1. The Outreach Team
Following the day of reflection, in 2016, Estrie PHD created a permanent community Outreach
Team in Lac-Mégantic. Located outside formal clinical settings (i.e., in the downtown area),
this multidisciplinary team has focused on bringing psychosocial services closer to the population.
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Four full-time professionals (two social workers, one outreach worker and two community organizers),
and two part-time professionals (a kinesiologist and a nutritionist) comprise the team.
The following principles guided the entire Lac-Mégantic outreach initiative: global health,
prevention, scientific rigour, a strengths-based approach, empowerment, inter-organizational and
intersectoral collaboration, and inclusion. Citizen participation and community development were
at the heart of this approach. A wide range of services are offered, ranging from daily interactions
with citizens and local organizations (in the form of psychosocial support, response to service requests,
rapid detection and response to emerging needs, collaboration with the organization of activities, etc.)
to involvement in various projects emerging from the action plan [25].
3.2.2. Promising Initiatives to Mobilize the Local Community
The EnRiCH (Enhancing Resilience and Capacity for Health) Community Resilience Framework
for High-Risk Populations [24] inspired the strategies developed within this community to promote
community resilience, health and well-being [26,27]. Based on qualitative research conducted in five
Canadian communities and a review of scientific literature, this framework provides an asset-based
integrated upstream and downstream approach to disaster risk. With the development and use of
adaptive capacities as a central element, it advocates three pillars and four areas of intervention,
as described in Table 3, all in a cultural context and working with the complexity specific to disasters.
Table 3. EnRiCH Framework components.
Components

Description

Adaptation capacity

Flexibility in changing environments

Mainstay
Empowerment
Collaboration
Innovation

Power to activate forces
Relationship with a common vision
Emerging new practices

Fields of intervention
Awareness and information
Strengths-based management
Upstream leadership
Social connectivity
Complexity
Culture

Collective sharing and learning
Mapping and linking forces
Proactive resource investing
People and group networking
Dynamic, non-linear context
Local community context
Source [24].

In line with this reference framework, several promising initiatives have been implemented in
recent years within the Lac-Mégantic community to activate community resilience, social cohesion
and citizen participation in a post-disaster setting. Committed to keeping track of local innovations
and sharing them in formats that are suitable for both experts and practitioners, a synthesis of some
of these promising initiatives has been produced and updated on an annual basis by the Outreach
Team since 2017 [28]. These initiatives (e.g., social animation, Photovoice, Greeters, walking club) all
contributed significantly to empowering citizens and mobilizing the community of Lac-Mégantic and
surrounding areas. These initiatives also appear to have had a positive impact on the mental health
and well-being of the citizens of this community.
As is generally known, organizing community projects or collective events, increasing
opportunities to become involved as citizens, as well as other elements that strengthen social capital,
contribute to building resilience in a post-disaster context. The data collected in this regard from
800 adults in MRC du Granit in the framework of ESPE 2018 provides additional support for this
knowledge (Figure 2 [25]).
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Figure 2. Elements that have significantly improved personal well-being over the past 12 months,
“Enquête de santé populationnelle estrienne” (ESPE) 2018 (Granit area, 800 adults).

Photovoice
In 2017, in collaboration with the University of Ottawa EnRiCH research team and PHD of
Estrie, the citizens of Lac-Mégantic took part in a Photovoice Initiative to map the assets of their
community and develop a positive campaign and vision for the community looking forward to
2025. Over a 6 month, period the Lac-Megantic Photovoice Group met monthly to take photos of
community assets and ideas to support their vision for the community. They met to discuss their
photos with the group and share their ideas around issues that matter to them. The Lac-Mégantic
Photovoice Group planned and hosted two exhibitions to facilitate knowledge mobilization and foster
dialogue with decision-makers in Lac-Mégantic and Ottawa, including local and federal politicians.
The Photovoice Initiative was highlighted as an inspirational example of community engagement in
resilience initiatives in a report by the World Health Organization [29].
“We could express our sadness, our emotions openly because we were welcomed, without criticism.
At first it was quite emotional, but over the meetings, this overflow was transformed into something
lighter. It did me good. It made a big difference.” —A participant of the Photovoice Initiative.
Ephemeral Place
The population is struggling to reclaim the downtown area of Lac-Mégantic, which was largely
destroyed during the railway tragedy of 2013. Being under reconstruction, this new place, full of
meaning and memories, is a constant reminder of loss. At the same time, there is a desire among
citizens to get involved and to revitalize their living environment. In 2018, Ephemeral Place in the heart
of the city was created in response to this desire; it is a space to promote social activities, networking
and gatherings. This outdoor venue, under the responsibility of the Outreach Team, encourages
the involvement of citizens of all ages and all horizons to foster social participation. Since these are
temporary installations, it is an opportunity to experiment with concepts or ideas, while creating
positive experiences. Through its free and varied leisure activities offered to citizens (5 to 7 with
musicians, barbecues, outdoor film screening with popcorn, laughter yoga, intergenerational karaoke,
etc.) and its unique approach, Ephemeral Place undeniably supports the long-term recovery of the
Lac-Mégantic community [30].
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Lessons Learned from a Citizen’s Perspective
Inspired from a similar initiative following the bushfires which swept across Victoria, Australia,
in 2009 [31], the idea behind this project was to collect statements from people who experienced the
tragedy through one-on-one and/or group interviews and to identify overriding themes. Driven
by the Outreach Team, this initiative provided a voice and brought together people who wished to
contribute in this way, naming what could be changed or improved as a way of managing future
disasters. Through their experience, citizens could make recommendations to the different bodies with
which they interacted during the rail tragedy of July 2013 but also during the months and years that
followed it. A semi-structured interview guide was developed, based on the CHAMPSS Functional
Capabilities Framework [32]. The acronym stands for the following categories of functional capabilities:
Communication, Awareness, Mobility/Transportation, Psychosocial, Self-Care and Daily Tasks, and
Safety and Security. Approximately 12 interviews were conducted with citizens that would not have
been reached otherwise, in order to make their voice heard. Data collected through these interviews
was then pooled and analyzed to draw emerging themes that were sent to participants for a further
validation. By being inclusive and recognizing the various experience lived, this project gave citizens a
different opportunity to contribute following the tragedy. All this led to the writing of a document
sharing post-disaster good practices, according to the perspectives of citizens with a unique field
expertise in the matter. This document could then be submitted to the bodies concerned, upon approval
from the group.
4. Recommendations
To our knowledge, this study is among the first to report how a salutogenic approach can
contribute to improve health and well-being in the aftermath of a disaster. Only few studies used
positive approaches in such type of setting. Leadbeater and colleagues [33] described how community
leadership facilitated the social recovery process in the community of Strathewen (Australia), following
the 2009 Victorian bushfires. Van Kessel [34], for its part, explained how promoting resilience mitigated
impact on mental health after the 2010/11 Victorian floods and the 2009 Victorian bushfires. It is
noteworthy that a recent systematic review highlighted a gap in the evidence relating to specific
interventions targeting the resilience of adults who have experienced a disaster. Authors from this
review call for more studies exploring the ability of interventions to build the intrinsic capacity of a
community to adapt to disasters [35]. Despite the paucity of “real-world research” and knowledge on
effective asset-based approaches in a post-disaster landscape, many theoretical or conceptual papers
support the key role of community resilience in promoting population health in such settings [36–42].
In our case study, the objective was to discuss how a salutogenic approach was used to help the
community of Lac-Mégantic in its recovery from a profound tragedy. Our various community-based
surveys, combined with continuous on-the-ground presence of the PHD, have provided situational
awareness about how the psychosocial impacts resulting from the 2013 rail tragedy decreased over
time. Although this tragedy has left its mark, the local community is gradually adapting to its new
reality. The asset-based approach used in recovery seems to have contributed to this “new reality”
and emphasizes the importance of social capital to activate individual and community resilience in
post-disaster contexts.
Many lessons have been identified from this unique and informative experience. First, long-term
monitoring of psychosocial impacts through repeated community-based surveys is relevant, if not
essential. Such surveys serve as powerful tools for health promotion initiatives and advocacy on behalf
of the local population. Such survey support priority setting (e.g., targeting most at-risk populations)
and promote risk-informed decision making.
Second, the voices of various groups, including those at heightened-risk, should be heard to take
account of their specific needs and capacities. It is important to take time to listen and learn from
citizens and consider all members of the community as assets rather than victims. This is critical to
promote concrete social measures and psychosocial support tailored to their needs.
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Third, regardless of the extent of the problems observed in the field, public health must seek
a balance between a health protection (focused on hazards and risk factors) and health promotion
(focused on protective factors, local strengths and resources).
Fourth, public health practitioners, academics and leaders must collaborate closely with local
organizations and citizen groups. This is fundamental for a successful recovery. Putting citizens at the
heart of all considerations helps to make sense out of a chaotic situation and contribute to the recovery
of the community.
Fifth, public health organizations should capitalize on existing knowledge to develop and apply
strategies and interventions in a post-disaster context. As part of their recovery operations, they should
also share their own knowledge and experiences (e.g., lessons learned, tools and resources).
Finally, this rich experience in Granit over the last six years enabled us to identify three key success
factors in supporting the psychosocial recovery and social reconstruction following a disaster:
1.
2.
3.

Acknowledge the strengths of the community and promote citizen participation;
A strong political commitment is essential to support the community through preventive actions,
upstream of problems;
A public health team must have the resources to be able to support the development and
implementation of these actions.

5. Conclusions
This case study gives a concrete example of how asset-based approaches can be fruitful for
enhancing community resilience and improving the health and well-being of a community in
a post-disaster landscape. The positive evolution of the psychosocial situation in Lac-Mégantic,
assessed both quantitatively and qualitatively, demonstrates the importance of developing a common
understanding of risks and working together in finding solutions.
6. Future Work
Let us recall the importance of understanding, preventing and reducing psychosocial risks in
the months and years following a disaster, whether natural, technological or intentional. In any case,
concerted action to promote community resilience is required during, after, and ideally before the
occurrence of such an event. As advocated by the United Nations, we must move from a disaster
management logic to a risk management logic associated with these events, in partnership—rather
than in silos—for the good of the community [43].
Disaster risk reduction, which is closely associated with climate change adaptation (due to the
increasing number and intensity of recent disasters), is a pressing field of action for decision-makers,
practitioners and researchers to promote health and well-being of communities and to increase their
resilience for coping with multi-origin hazards.
While much is known about interventions targeting health needs following disasters
(i.e., deficit-based models), less is known about what could foster resilience. Our case study was limited
to a very simple design (e.g., post-disaster cross-sectional surveys and field observations). In order to
generate stronger evidence-base intervention, future work in this research field should be based on
high-quality studies (i.e., randomized or prospective cohort studies).
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Abstract: Background: How long acute mental health needs continue after the disaster are problems
which must be addressed in the treatment of victims. The aim of this study is to determine victims’
needs by examining activity data from Disaster Psychiatric Assistance Teams (DPATs) in Japan.
Methods: Data from four disasters were extracted from the disaster mental health information
support system (DMHISS) database, and the transition of the number of consultations and the activity
period were examined. Results: Common to all four disasters, the number of consultations increased
rapidly from 0–2 days, reaching a peak within about a week. The partial correlation coefficient
between the number of days of activity and the maximum number of victims showed significance.
The number of victims and days of activity can be used to obtain a regression curve. Conclusions:
This is the first report to reveal that mental health needs are the greatest in the hyper-acute stage,
and the need for consultation and the duration of needs depends on the number of victims.
Keywords: disaster; Kumamoto earthquake; DMHISS; disaster psychiatry; Japan; acute mental health
needs; duration of activity; DPAT (Disaster Psychiatric Assistance Team)

1. Introduction
In recent years, the question of how to respond to psychiatric disorders, as well as psychological
problems, that arise among disaster victims has become a significant challenge. Many investigative
studies have shown that the incidence of disorders such as post-traumatic stress disorder (PTSD) and
depression increase markedly after disasters [1]. The criteria for PTSD require that the person was
exposed to actual or threatened death, serious injury, or sexual violence [2]. There is a relationship
between PTSD and disaster response. It is also known that psychosocial problems that accompany
disasters, such as poverty, community breakdown, and the exacerbation of pre-existing psychiatric
disorders, have long-term effects on the well-being of victims. Furthermore, existing psychiatric
hospitals and health centers in disaster areas lose functionality during disasters and become unable to
adequately undertake their consultations and diagnostic functions.
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Following recent disasters around the world, such as Hurricane Katrina, the 9/11 terrorist attacks,
and major earthquakes, postdisaster mental health services (MHS) have been organized and various
kinds of mental health support have been provided [3]. The Inter-Agency Standing Committee (IASC),
a nongovernmental organization (NGO), established a set of guidelines in 2007 on how mental health
support should be conducted during disasters. These guidelines position mental health support for
disaster areas within the broader context of psychosocial support, to create a system of combined
mental health services and psychosocial support services (MHPSS), with interventions divided into
four levels of specialized services, namely, focused specialized services, nonspecialized support,
community and family support, and basic services and security [4]. Concerning specialized services,
the guidelines state that interventions by specialists in psychiatry or psychology are necessary, but
that due to the diverse social and cultural backgrounds of people in disaster areas, it is not possible to
provide guidelines with regard to the specific services to be offered or the types of organized activities
to be carried out.
Japan has been significantly affected by disasters, with one quarter of global disasters having
occurred there in recent decades [5]. In the Hanshin-Awaji Earthquake of 1995, many people suffered
from PTSD, and a psychiatric aid station was established to provide assistance. This led to a broader
awareness of the need for psychological support for disaster victims. The 2011 East Japan Earthquake
caused many people to suffer from PTSD due to the tsunami, along with the considerable stress
suffered by those living in evacuation shelters. In response, several organizations and institutions,
such as universities with psychiatry departments, academic associations, and NGOs organized disaster
medical services [6], involving the creation of mental health care (kokoro no care in Japanese) teams,
which carried out support work in the disaster areas. However, a lack of coordination among the
teams, as well as their varied composition, led to confusion when providing assistance. There were also
tragic cases in which patients in psychiatric hospitals were left behind during evacuation procedures
immediately after the disaster, and who died because they could not be brought to the evacuation sites.
Drawing on these experiences, the DMAT system was modified to take into account specific
psychiatric needs, and officially approved disaster psychiatric assistance teams (DPATs), which are
dispatched to provide mental health support services to people in disaster areas, were established
in 2013. The Ministry of Health, Labor, and Welfare (MHLW) determined the definition and role
of a DPAT, set up a DPAT head office in Tokyo, and established DPATs in each prefecture and in
designated cities in Japan. Since then, the number of teams across the country has gradually increased
to 374 in 2017. Meanwhile, the support activities of DPATs have expanded as various disasters have
occurred, such as volcanic eruptions, landslides, floods, and earthquakes. We found no other reports
of such teams that have been organized to respond to mental health needs in acute phases of disasters
in such a specialized and sophisticated manner.
However, clear guidelines have still not been determined for DPATs concerning the scale of
activities to be carried out and at what point the work should be concluded. Because kokoro no care team
that was active before the creation of DPATs focused primarily on mid- to long-term psychological
support, data cannot be obtained that would contribute to the development of practical guidelines
for acute phase activities. In relation to DPATs, a disaster mental health information support system
(DMHISS) and an online database where all teams document their consultation activities have been
established and are used in support activities, and it is now possible to do comparative studies using
shared disaster support activity data. Therefore, we have examined data on support activities from
multiple disasters that have occurred since the creation of DPATs. The aims of this study were to
consider: (1) the scope of mental health needs in the acute phase of disasters, (2) whether organized
MHS composed of specialists is necessary, and (3) the scale and time period necessary for the activities
of acute-phase MHS.
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2. Materials and Methods
2.1. Subject of Investigation
The period of investigation extended from 2013, when the DPAT system was first created, until
2016. The subject of investigation concerned the activity reports of DPATs, as well as daily reports
from the DMHISS database, in relation to four disasters where support activities were conducted
during that period, namely, the eruption of Mount Ontake (2014), the Hiroshima landslides (2014), the
Kanto-Tohoku torrential rains (2015), and the Kumamoto earthquake (2016).
In the 2012fiscal year, the Toshiba Solutions Corporation was commissioned by the MHLW to
develop a disaster mental health information support center. This resulted in the creation of the
DMHISS, an online information system that aims to consolidate the activity logs of MHS and contribute
to support that is appropriate for the needs of specific disaster areas. It came into nationwide operation
in March 2013.
The functions of the DMHISS are divided to cover: (1) a normal period (prior registration of
support teams), (2) an initial response period (coordination of support teams to be dispatched),
(3) an activity period (collection of activity logs), and (4) a postactivity period (processing and analysis
of activity logs). To facilitate these functions, an activity log collection tool allows data to be divided
into microdata to record individual consultation trends and to record the daily activity logs of each
DPAT team.
Items to be entered into the activity logs include team information (for example, team name,
affiliation, and dispatch period) and type of support (for example, the results of processed data). Before
and after its period of activity, each DPAT team enters its activity records into the DMHISS microdata
sheet and the daily activity log. As a result, information concerning the people receiving consultations
and details about the support activities of that day can be shared in real time between the disaster area
itself, the base headquarters, the coordination headquarters, and the DPAT head office, thus making it
possible to acquire detailed information about the activities of each DPAT [7].
2.2. Methods of Investigation
The definition of a DPAT, the structure of the organization, and an overview of its activities are
first set out, followed with an explanation of the methods of investigation.
2.2.1. The Definition of a DPAT, the Structure of the Organization, and an Overview of Its Activities
A DPAT is a psychiatric team that has received specialized training for disaster management,
which enables it to be dispatched to disaster areas. Additionally, DPATs are organized according to the
administrative districts responsible for responding to disasters.
The main activities of a DPAT are: (1) responding directly or indirectly to the psychological
problems experienced by residents in a disaster area at evacuation shelters, (2) coordination of the
transport of patients from psychiatric hospitals whose functionality has been affected by the disaster,
and (3) support for disaster relief workers. When DPATs are called into action, they move quickly to
the disaster area or accident site, i.e., within 48 h, and in coordination with government agencies, fire
departments, police departments, and defense forces, they conduct support activities for up to several
months until there is no further need (Figure 1). A DPAT team consists of five people (composed
of one psychiatrist, two nurses, and two logistics personnel for administrative work). Each team is
dispatched to a site to conduct support activities for approximately one week. A reconnaissance team
arrives in the disaster area within 48 h, sets up a DPAT coordination headquarters, coordinates with
DMATs, coordinates the dispatched teams, and provides initial services at evacuation shelters. After
that, the regional DPATs that follow continue the support activities in one-week rotations (Figure 2).
The DPATs engage with the disaster countermeasure headquarters operating at the prefectural level, as
well as with appropriate authorities at the health center and evacuation shelter levels, and at the level
of each team, and coordinate with the DMATs to determine a plan for conducting support activities.
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Under the direction of each DPAT headquarters, each DPAT can carry out its support activities at
evacuation shelters and elsewhere in a coordinated and integrated fashion (Figure 3). Under the
instructions of the disaster coordinator, DPATs also coordinate with medical teams such as DMATs,
while medical teams coordinate with police, fire departments, and defense forces; health workers
coordinate with health care centers.

Figure 1. Postdisaster mental health care needs and DPAT dispatch periods. JMAT: Japan medical
association team, DMAT; Disaster medical assistance team, DPAT; Disaster psychiatric assistance team.

Figure 2. The roles of the reconnaissance Disaster Psychiatric Assistance Team (DPAT) and subsequent
DPAT teams.

Figure 3. The Disaster Medical Assistance Team (DMAT) operational system.
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DPATs arrive slightly later than DMATs, entering the disaster area within 48 h, and continue their
activities for longer than DMATs, depending on the scale of the disaster. The timeline of their activities
remains unspecified. DPAT: Disaster Psychiatric Assistance Team; DMAT: Disaster Medical Assistance
Team; JMAT: Japanese Medical Association Team.
The reconnaissance team enters the disaster area within 48 h, establishes a headquarters, provides
support for affected psychiatric hospitals and other health care institutions as required, and conducts
need assessments for the disaster area. The subsequent teams provide services such as mental health
care assistance, psychological support, and support for disaster relief workers in the affected area.
These subsequent teams operate on a rotational basis.
DPATs engage with the disaster countermeasure headquarters at the prefectural level, with
appropriate authorities at the health center and evacuation shelter levels, and at the team level with
other teams, and collaborate with DMATs to determine a plan for support activities. Under the direction
of the DPAT headquarters, each DPAT team carries out its support activities at evacuation shelters and
elsewhere in a coordinated and integrated fashion.
2.2.2. Methods of Investigation
First, we summarized the damage situation and DPAT activities in relation to the four aforementioned
disasters based on activity reports.
Next, we extracted data from the DMHISS database for these disasters, and created a data set for
the daily reports. Following this, we aggregated the information on the dispatch and support structures
for each disaster area, changes over time in the number of consultations provided, the number of teams
engaged in support activities, and the duration of the period of activity. Furthermore, we divided
the dispatch and support structures into four models as proposed by Katō et al. [8]: (a) an outside
support model, wherein multiple support workers come from outside the disaster area to provide
assistance; (b) a supervision model, wherein outside support workers serve as supervisors, but the
support activities are carried out by local staff; (c) a local collaboration model within the region,
wherein local organizations such as mental health and welfare centers take the lead in providing
support, and; (d) a general support model, wherein mental health is incorporated into ordinary health
care services.
We also estimated the duration period of activity for DPATs. At the time of estimation, we
supplemented our data with data concerning the support provided by mental health care (kokoro no kea)
teams before the creation of the DPAT system in relation to the Sayō-chō floods, the Niigata Chūetsu
earthquake, the Hanshin-Awaji earthquake, and the East Japan earthquake, as derived from studies
published in various documents such as the Cabinet Office’s White Papers on Disaster Management
and interviews conducted in each disaster area.
Concerning ethical considerations, we used only anonymous aggregated data from the DMHISS
and publicly available documents for this study. This study was carried out with the approval of the
Japan Psychiatric Hospitals Association Ethics Committee (approval number 161110-01).
3. Results
3.1. Comparison of Dispatch Systems for the Four Disasters
We compared the characteristics of the four disasters and the DPAT dispatch systems (Table 1).
The disasters were of diverse types, comprising a volcanic eruption, flood disasters, and an earthquake.
Although the number of casualties varied, in terms of damage conditions in relation to the number of
people evacuated, the numbers of casualties steadily increased, from low numbers with the volcanic
eruption, then rising for the flood disasters, and peaking with the earthquake.
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Table 1. Aggregated data on damage situations and DPAT activities for the four disasters.

Onset date
Type of disaster
Maximum evacuees
The number of dead
Model (early phase)
Model (middle and long term)
DPATs dispatch period (days)
Total number of DPATs
Total number of consulting cases
Sex (male/female/unknown)

Mt. Ontake
Eruption

Hiroshima
Landslides

Jōsō Floods

Kumamoto
Earthquake

2014/9/27
Eruption
58
c
6
3
12
5/7/0

2014/8/20
Flood
2354
74
b
c
23
43
106
43/63/0

2015/9/9
Flood
6223
2
b
c
27
28
139
58/70/11

2016/4/14
Earthquake
183,882
267
a
b
90
1242
2125
717/1357/51

a–d: due to Models of disaster assistance [8]. Models of disaster assistance. (a) Outside support model: in which
many support personnel come from outside the disaster area and provide support. (b) Supervision model: in
which external support personnel act as supervisors, with support activities undertaken by regional staff. (c) Local
collaboration model: in which the staff of mental health welfare centers mainly comprise locals. (d) General support
model: in which mental health support is incorporated into ordinary health care services.

In the acute phase, DPAT dispatch and support operated in accordance with the local collaboration
model within the region for the Mount Ontake disaster, the supervision model for the Hiroshima and
Kanto-Tohoku disasters, and the outside support model for Kumamoto disaster; that is, the greater the
scale of the disaster, the more outside support it required. In the mid- to long-term period, Hiroshima
and Jōsō moved to a local collaboration model within the region, while Kumamoto transitioned to
a supervision model. The period for which teams were dispatched varied a great deal, from 6 days to
3 months. In terms of the total number of teams dispatched, Mount Ontake had the smallest number of
teams dispatched, i.e., three teams, while Kumamoto had the highest number, with 1242 teams taking
part in support activities. In terms of the number of consultations, there were a total of only 12 for
Mount Ontake, but over 100 each for Hiroshima and Jōsō, and 2125 for Kumamoto. In other words,
the greater the scale of the disaster and the greater the number of evacuees, the greater the number of
teams that were dispatched, and the longer the period of support activity.
3.2. Changes over Time in the Number of Consultations in the Four Disaster Areas
Next, we compared changes over time for the number of support consultations in each of the
four disasters.
Figure 4 shows the changes in the number of consultations over time for three localized disasters,
i.e., Mount Ontake, Hiroshima, and Jōsō. In the case of the eruption of Mount Ontake, the period of
assistance lasted only four days, since many of the victims were people who had come from other
prefectures for sightseeing and who were sent back to their home regions after four days of assistance.
For the Hiroshima landslides, the number of consultations per day peaked on the 4th day, and on
the 12th day after the flooding. After these days, the number of consultations gradually decreased,
reaching 0 after approximately 1 month. For the Jōsō floods, the highest number of consultations
occurred on the 1st day, at 27, then hovered in the 10–20 range for the next 3 days, after which it
decreased to 7 consultations on the 16th and 20th days, before converging to 0 after approximately
1 month.
The vertical axis shows the number of consultations per day, while the horizontal axis shows the
number of days following the disaster. The lines of the graph represent the changes in the number of
consultations over time for each disaster.
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Figure 4. Changes over time in the number of consultations per day for the Mount Ontake eruption,
the Hiroshima landslides, and the Jōsō floods.

Figure 5 shows the changes in the number of consultations over time for the Kumamoto earthquake.
Immediately after the earthquake, patients were moved out of psychiatric hospitals that were at risk of
collapsing, so support consultations at evacuation shelters essentially started on the 5th day. There
were 66 consultations on the 6th day after the earthquake, with the number peaking on the 8th day,
with 101 consultations. After that, the number of consultations decreased with fluctuations, but there
were still more than 20 consultations on the 45th day. Two months after the earthquake, the number
finally decreased to 15, and assistance continued with fluctuations before concluding after a total of
2–3 months.

Figure 5. Change over time in the correspondence count per day for the Kumamoto earthquake.

The vertical axis shows the number of consultations per day, while the horizontal axis shows the
number of days following the disaster.
For all four disasters, the number of consultations started to increase substantially on days 0–2,
and reached a peak within approximately 1 week (1–8 days); the larger the scale of the disaster, the
longer it took for the number of consultations to converge to 0. Especially in Kumamoto, the scale of
the disaster was significantly greater than for the other three disasters, and the number of consultations
also showed greater multimodal variation.
3.3. Estimation of the Period of DPAT Support from the Scale of the Disaster
In order to quantitatively consider the relationship between the scale of the disaster and the
duration period of support, we also investigated the duration of the support period, the maximum
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number of evacuees, the number of dead, and the number of buildings damaged for other large-scale
disasters in Japan, and compared the results (Table 2). An investigation of the partial correlation for
each index showed that the partial correlation coefficient between the number of days of assistance
and the maximum number of evacuees was significantly high, at 0.97 (p < 0.001).
Table 2. The number of DMS activity days and major indicators of damages in large-scale disasters.
Name of Disaster
Sayō-chō Floods
Hiroshima landslides
Jōsō Floods
Niigata Prefecture Chuetsu Earthquake
Kumamoto Earthquake
Great Hanshin-Awaji Earthquake
Great East Japan Earthquake
Partial correlation coefficient (R2) with team
activity days

Team Activity
Days

Maximum Number of
Evacuees

The Number of
Dead

Number of
Houses Damage

22
27
32
60
75
120
120

2219
2257
10,390
76,615
183,882
307,022
409,146

20
58
2
68
50
6400
15,735

1790
4559
8327
123,664
206,148
256,312
1,137,785

-

0.97

−0.01

−0.57

A scatter plot detailing the number of evacuees and the number of days of assistance, where
the number of evacuees is x and the number of days of assistance is y, yielded a regressive curve of
y = 0.0002x + 29.797 (R2 = 0.95) (Figure 6).

Figure 6. Plot of the team activity days and the maximum number of evacuees.

Figure 6 plots the disasters on a scatter diagram, where the vertical axis represents the team
activity period (number of days) and the horizontal axis represents the maximum number of evacuees
(number of people). The dotted line represents the regression line, the numerical formula represents
the regression line formula and the regression coefficient, and the ellipses show the concentrations
of localized disasters (Sayō-chō, Hiroshima, and Jōsō) and large-scale disasters (Niigata, Kumamoto,
Hanshin-Awaji, and East Japan).
4. Discussion
Using mainly DPAT activity data, this study elucidated the need for mental health care in the acute
phase of a disaster, the systems necessary to provide it, and criteria for determining the duration of
team activity. This study is novel, not only because it provides an outline of the assistance activities of
DPATs for the first time using real-time and objective data, but also in the sense that it has determined
indices not seen in reports thus far to relate mental health needs in the acute phase of a disaster,
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the duration period of activities typically carried out in MHS in the acute phase, and the scale of
the disaster.
In the section below, we provide a summary and interpretation of the results of the investigation.
4.1. The Role of DPATs Nationally and Internationally
In the MHPSS teams that existed prior to the DPAT system, mental health needs in the acute
phase were not gauged, there was not a clear chain of command, and there was no training for support
workers, so various problems tended to arise and were less effectively addressed in disaster areas. It
would appear, when considering that in the Jōsō floods the DPATs successfully conducted assistance
activities in coordination with the Japan Red Cross, and that in the Kumamoto earthquake, patients
were successfully transported in a safe and organized manner, that the DPAT system has proved itself,
in comparison to the MHPSS, to be a useful disaster mental health service in Japan, especially in the
acute phase.
In the United States, under the assistance of the Federal Emergency Management Agency
(FEMA) [9], the administrative agencies of each state have jurisdiction over various disaster support
activities. However, although various psychological first aid (PFA) guidelines have been established,
there are no specialized and standardized teams for disaster psychiatry. For example, mass shooting
episodes have increased in recent decades with crisis response teams, which is not for disasters [10]. In
Thailand, the Department of Mental Health established a mental health crisis assessment and treatment
team (MCATT) system in 2012 [11]. A MCATT comprises a team of specialists including psychiatrists,
doctors, psychiatric nurses, nurses, psychologists, and social workers, to provide assistance to disaster
victims; it works in coordination with medical emergency response teams, disaster medical assistance
teams, and surveillance rapid response teams. According to official requirements, ministries must
configure subdistrict or state-level MCATTs with at least one team in each regional hospital (HEALTH,
2018). In South Korea, Korean disaster psychiatric assistance teams (K-DPATs) have begun activities [12]
based on the DPAT system in Japan. However, any results concerning the activities of these teams
remain unreported.
Compared with these other international MHPSS systems, a unique characteristic of the DPAT
system is that standardized teams, centered around a psychiatrist and which have received specialized
training, carry out organized mental health care activities starting from the ultra-acute phase after
a disaster. Through sharing the results of DPAT activities both in- and out- side of Japan, this system
has the potential to become a leading model in disaster mental health care.
4.2. Mental Health Care Needs in the Acute Phase of a Disaster
The number of consultations increased immediately after the disaster, reaching a peak in the
ultra-acute to acute phase (ranging from 2 to 7 days), regardless of the disaster. Since psychological
reactions result from the physical danger experienced immediately following a disaster, and since
the most common conditions that arise in a disaster such as PTSD and depression are diagnosed
after a certain period of observation, there has been a conventional general belief that mental health
support may best be carried out after the acute phase. However, the results of this study have shown
that mental health care needs are highest in the ultra-acute phase, so it is necessary for DPATs to do
everything they can during this period. Based on the results of the responses to the four disasters, we
also noted that consultation needs depended heavily on factors related to the scale of the disaster, such
as the number of evacuees. For DPAT activities henceforth, it would be advisable to conduct overall
preparation and training to provide swift and large-scale assistance starting from the ultra-acute phase
and proportionate to the number of evacuees.
4.3. The Duration Period of DPAT Activities
The required duration period of DPAT activities can be determined by the time it takes for a local
area’s mental health and welfare system to recover. However, opinions vary as to what constitutes
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“recovery”, and DPATs have struggled from their inception with the question of when to conclude their
activities. Based on the regression equation for the two-dimensional scatter plot, y = 0.0002x + 29.797,
with approximately one month as the y-intercept, we estimate that the recovery period increased by
two days for each 10.000-maximum number of evacuees. Further, the same formula suggested that
disasters should be considered separately, as both localized disasters, wherein assistance activities
may last no more than one month, and disasters that occurred over a wide area, wherein assistance
activities may last more than two months, had recovery times which were substantially influenced
by the number of evacuees. The use of this kind of predictive formula for determining the duration
period of activity has not been reported by DMSs working elsewhere. Furthermore, considering that
in the mid- to long-term effects, the support model tended to change to a close collaboration model
within the affected region, the basic period of DPAT support should perhaps be set at 1 month as
a standard, and a method for smoothly transferring responsibilities back to the local mental health and
welfare system should be considered. Furthermore, the periods of time following a disaster are usually
divided into the immediate aftermath (ultra-acute phase), the acute phase, the middle phase, and the
recovery phase (the long-term), but the number of days comprising each period has not been clearly
defined. Considering our results, we suggest that, to facilitate recovery management, the time periods
may be defined as an ultra-acute phase lasting 1–2 weeks, an acute phase lasting 1 month, and a midto long-term phase for subsequent engagement. As acute-phase mental health care assistance activities
by DPATs and other forms of assistance continue to expand in the future, the predictive formula and
its interpretation developed in this study should provide practical guidance for recovery interventions.
4.4. Limitations of this Study
This study had various limitations. Only a limited amount of data could be obtained concerning
disasters, and there was a lack of prior relevant research. We searched the literature for intervention
and comparative studies, but could not find any matches. Also, there was no study like this, so
comparisons could not be made. There are only 12 literature publications, but there are few comparable
studies, which was a difficult point. A search of past disaster dispatched psychiatric teams for all years
showed no results. Few countries have done this, and few have reported on their activities; that is why
there are few cited references. Therefore, we think that this paper has novel points.
More data on disasters should be accumulated. Also, the analysis concerning the duration period
of activity included recent major disasters, but the MHPSS system was responsible for the mid- to
long-term recovery period in relation to support activities conducted following the Hanshin-Awaji
Earthquake and the East Japan Earthquake; hence, strictly speaking, its activities cannot be compared
with those of the DPATs. In future, further data should be accumulated to aid in the undertaking of
more precise analyses.
5. Conclusions
1.
2.
3.
4.

We compared activity data from four disasters where DPATs had provided support.
We discovered that mental health care needs were greatest in the ultra-acute phase following
a disaster.
We discovered that the duration of the activity period was 1 month for localized disasters, or
longer for disasters covering a wide area, depending on the number of evacuees.
It is necessary to accumulate more cases and examples to ensure more precise analyses.
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Abstract: Background: Despite larger health burdens attributed to cold than heat, few studies have
examined personal cold protection behaviours (PCPB). This study examined PCPB during cold
waves and identified the associated factors in a subtropical city for those without central heating
system. Methods: A cohort telephone survey was conducted in Hong Kong during a colder cold wave
(2016) and a warmer cold wave (2017) among adults (≥15). Socio-demographic information, risk
perception, self-reported adverse health effects and patterns of PCPB during cold waves were collected.
Associated factors of PCPB in 2017 were identified using multiple logistic regression. Results: The
cohort included 429 subjects. PCPB uptake rates were higher during the colder cold wave (p < 0.0005)
except for ensuring indoor ventilation. Of the vulnerable groups, 63.7% had low self-perceived health
risks. High risk perception, experience of adverse health effects during the 2016 cold wave, females
and older groups were positive associated factors of PCPB in 2017 (p < 0.05). Conclusions: PCPB
changed with self-risk perception. However vulnerable groups commonly underestimated their own
risk. Indoor ventilation may be a concern during cold days in settings that are less prepared for cold
weather. Targeted awareness-raising promotion for vulnerable groups and practical strategies for
ensuring indoor ventilation are needed.
Keywords: cold; personal health protective behaviour; associated factors; risk perception;
subtropical city

1. Introduction
Low ambient temperatures are associated with adverse health effects such as hypothermia and
higher risk of cardiovascular diseases, respiratory diseases and infectious diseases globally [1–5].
The elderly, people with illnesses and outdoor workers are more vulnerable during conditions of
extreme temperatures [3]. In warmer regions, although winters may be considered milder than in
colder regions, due to the less appropriate housing design for low temperatures and acclimatization [4],
effects of unusual low temperature might increase mortality and morbidity. Previous studies have
shown that populations residing in lower latitudes were more vulnerable to cold temperature [5] and
had higher threshold temperatures at which cold effects began to be observed [1]. Adverse health
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effects related to low temperatures and cold waves have been reported in subtropical regions including
Hong Kong, Guangzhou, China, Taiwan and Brisbane, Australia [4,6–13].
As highlighted in the Sendai Framework [14], understanding risks and enhancing preparedness
are priorities to support bottom up risk reduction and resilience in communities. Despite the scientific
evidence showing the adverse health effects of extreme low temperatures [1,15,16], studies examining
personal cold protection behaviours (PCPB) are rare [17]. Several studies focusing on heat protective
measures and associated factors have been published, probably due to raising concerns about increasing
global temperature [18–22]. Studies from temperate regions have shown socio-demographic factors
such as sex and economic status were associated with the uptake of personal protection measures against
extreme temperatures [17,18]. In the United Kingdom (UK), females and people with higher income
were more likely to apply personal heat protection measures during heat waves [18]. A European study
also found females were more likely to wear more outdoor clothes on cold days but the insulation of
clothes was poorer than those of males [17].
Risk perception is another important determinant of health behaviours [23,24] Studies from the
UK [19], China [20] and Pakistan [21] have reported positive associations between risk perception and
protective behaviour against high temperatures. Vulnerable groups, however, had been reported more
likely to underestimate their health risks during extreme high temperatures [25]. A focus group study
from New York City, United States, found that seniors and people with fair or poor health conditions
were not aware of their own risk during hot days [22].
Despite the expected increase in number of hot days and average temperature [26], cold effects on
human health are, however, still more severe than the effects of heat and should not be neglected [1,4].
Individual cold protection behaviour, risk perception and other potential associated factors, such as
experience of adverse health effects in previous cold waves and socio-demographic factors, are mostly
unknown and make the formulation of evidence-based cold-related health protection policy and
promotion challenging.
This two-year telephone survey cohort study, conducted immediately after an extreme cold wave
in 2016 and a regular cold wave in 2017: (1) explored the perceived health risks and risk perception
accuracy at low temperatures; (2) examined the pattern of PCPB; and (3) identified the associated
characteristics of PCPB in a subtropical city. The results of this study will support the facilitation of
drafting health protection strategy to reduce avoidable health risk during cold waves in warmer regions.
2. Materials and Methods
2.1. Study Period
In Hong Kong, there is no clear definition of a cold wave. The Hong Kong Observatory takes into
consideration multiple meteorological parameters and issues a cold weather warning signal when cold
weather may incur harm to the public. In this study, cold waves are defined as periods when cold
weather warning signals were issued by the Hong Kong Observatory.
This is a two-year telephone survey-based cohort study. Two telephone surveys were conducted,
during February of 2016 and March of 2017, one week after the cold weather warning signals were
issued by the Hong Kong Observatory on 21–27 January 2016 and 23–27 February 2017, respectively.
The surveys were conducted shortly after the cold waves to reduce recall bias. The 2016 survey was
completed in eight days while the 2017 survey was finished in eleven days. The cold wave in 2016 was
severe and 24 January 2016 was the coldest day in Hong Kong since 1957. The average daily mean
temperature during the 2016 cold wave was 10.6 ◦ C (average daily mean temperature in January in
1981, 2010: 16.3 ◦ C). The 2017 cold wave was relatively milder in intensity. The average daily mean
temperature within the study cold wave period was 14.8 ◦ C (average daily mean temperature in
February in 1981, 2010: 16.8 ◦ C).
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Sampling and Subject Recruitment
A random digit dialling approach was used to select households from a full list of landline
telephone numbers in Hong Kong and the last birthday method, inviting the household member with
birthday closest to the interview date, was used to select Cantonese speaking subjects ≥ 15 years old
for the baseline survey in 2016. Quota sampling was adopted to match the population characteristics
in terms of age-group, gender and residential districts in the Hong Kong SAR Census in 2011 (2016
Census information was not available at the time of the baseline study). The baseline sample size of
1000 was based on being able to estimate the percentage of people applying a particular cold protection
measure with maximum margin of error of 3.5% at a 95% confidence level. Phone calls were made in
the evening on weekdays and throughout the day on weekends to minimize bias based on employment
status. Oral consent had been sought from each participant at the beginning of the surveys. The study
was conducted in accordance with the Declaration of Helsinki and the protocol was approved by the
Survey and Behavioural Research Ethics Board, The Chinese University of Hong Kong.
2.2. Variables
Socio-demographic characteristics, self-report history of chronic diseases (conditions that require
medical treatment for more than six months), health risk perceptions of cold weather, self-reported
health outcomes and protection behaviour patterns within the study period were collected in the
survey. Based on the health guidelines provided by the Hong Kong Observatory [27], four personal
cold protection measures, which included ‘putting on more clothes’, ‘avoid staying in windy areas’,
‘use of heating equipment’ and ‘ensuring adequate indoor ventilation’, were studied. The possible
biological associations between the four behaviours and human health are shown in Table 1. Details of
questionnaire design and phone call algorithm for the 2016 data have been published elsewhere [28].
Follow-up surveys were conducted with the same cohort and using same questions after the 2017
cold wave.
Table 1. Biological association between personal cold protective behaviours and health outcomes.
Protective Measure

Linkage with Human
Health

Related Health Benefits
from Literature

Personal Characteristics
Associated with the
Behaviour from Literature

Wearing More clothes

Prevent heat loss
through insulation and
resistance to evaporation,
wind and water. Inner
layer to control body
temperature and
humidity, middle layer
for insulation and outer
layer to protect against
the outer environment
[29].

Control heat loss, insulate
current temperature and
reduce discomfort due to
cold injury and hypothermia.
Increase manual working
performance. High moisture
absorbing material can keep
the skin dry even when
sweating. Ventilating
garments prevent
post-chilling effect when the
wet garment is drying [29].

Elderly people in the UK with
problems such as thyroid, poor
circulation, anaemia and heart
irregularities wore more
clothes. To supplement
appliance to keep warm [30],
Japanese female cooperative
workers were more likely to
wear one or more items of
clothing [31].

Avoid Windy Areas

Protect wind chills from
reducing skin
temperature through
rapid evaporation,
especially when weather
is overcast. [32]

Reduce the risk of hip
fractures, incidence of
asthma, sickle cell disease
and acute pain. [33]

Hong Kong Observatory
released advice to “avoid
prolonged exposure to wintry
winds.” [34] No literature was
found to evaluate the local
population’s wind-related
behaviour.

51

Int. J. Environ. Res. Public Health 2020, 17, 1672

Table 1. Cont.
Protective Measure

Use of Heaters

Ensure Indoor
Ventilation

Linkage with Human
Health

Related Health Benefits
from Literature

Personal Characteristics
Associated with the
Behaviour from Literature

Maintaining adequate
indoor temperature. [35]

Increase resistance to
respiratory and vascular
complications, such as
myocardial infractions.
Improvement in symptoms
of asthma in children and
reduced time off school.
[8,36].
Ensure thermoregulatory
function in elderly people, as
the minimum indoor
temperature for them should
be a few degrees higher than
average. [35]

Availability of heating
system(s) such as heaters,
fireplace, central heating, etc.
[30]

Intended to remove
pollutants emitted from
indoor sources, e.g.,
building materials,
furnishings, unvented
combustions, etc.

Associated with reduced
prevalence of sick building
syndrome and allergic
manifestation in children.
Literature suggests low
ventilation rates are
associated with
inflammation and
respiratory infections [37].

A few elders in the UK opened
windows for air circulation,
mostly for a short while. Most
considered it potentially
wasteful of heat. [30]
Some elders opened windows
at night to sleep and turned off
the heater [35].

Remark: Protective measures included were references from the Hong Kong Observatory.

Measurement of Risk Perception Accuracy
To assess the risk perception accuracy of subjects, the objective risk of subjects was compared with
their self-risk perception. Subjects fulfilling at least one of these four factors in 2017, old age (≥60 years),
history of chronic diseases, living alone and receiving comprehensive social security assistance (CSSA),
were considered to be at high health risk during low temperatures. This assumes that old age and
a history of chronic diseases increase vulnerability physiologically, while living alone and receiving
CSSA are related to less resources and support. Underestimation of risk was defined as subjects who
fulfilled one or more of these risk factors (the high-risk group) but did not consider themselves high
risk. Considering that there might be other risk factors of cold related health problems not included
in this study, people who appeared to be overestimating their risk (reported themselves as high risk
but fulfilled none of the four pre-set criteria) were grouped as “potentially overestimated”. Subjects
from the high-risk group who considered themselves high risk, and those who did not have any of the
pre-set criteria and considered themselves low risk were defined as having correct perception.
2.3. Statistical Method
Chi-square test was used to compare the uptake rate of the PCPB between the two cold waves.
Associated factors for the uptake of protective behaviours in 2017 cold wave were identified using
multiple logistic regression models. A two-stage model selection approach, univariate analyses
(chi-square test) followed by multiple logistic regression, was adopted. Factors with p < 0.2 in
univariate analyses were entered a logistic regression for examining the independent associations in
the second stage. Chi-square test was performed to examine the characteristics of the lost-to-follow-up
group. All analyses were performed using IBM SPSS 21(IBM, Armonk, NY, USA).
2.4. Model Selections in Identifying Associated Factors of PCPB
Socio-demographic factors such as age, sex and income have been reported to be associated factors
of heat protective behaviours [17,18]. Age-group, gender, household income and residential district
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were therefore included in all regression models as the core model. Other independent variables
considered in the model selection process included education level, CSSA status, occupation, marital
status, history of chronic diseases, risk perception, risk perception accuracy, feeling cold at home
during the 2017 cold period and experience of adverse health effect during the 2016 cold waves that
needed medical treatment or medicine. Dependent variables, the uptake of the four PCPBs during the
2017 cold wave (Yes/ No), were examined separately.
3. Results
3.1. Descriptive Results
A total of 1017 subjects were recruited for the 2016 baseline survey and 429 of these subjects have
completed the follow-up survey in 2017 (follow-up rate 42.2 %). A diagram demonstrating the subject
recruitment process is shown in Supplementary Figure S1.
Descriptive statistics of the personal characteristics of the 2016–2017 cohort are shown in Table 2
with the comparison to the characteristics of the Census. Although the baseline sample was comparable
to the 2011 census characteristics, it should be noted that the proportion of the elderly ≥65 years old in
the follow-up sample in 2017 was higher than that in the baseline, due to the lower follow-up rate
among the working population (25–44 years) (lost-to-follow-up analysis available in Supplementary
Table S2).
Table 2. Descriptive statistics of socio-demographic variables, history of chronic diseases and health
perception of subjects in 2017 follow-up survey, with comparison to the major socio-demographic
characteristics in Hong Kong Census 2016 and 2016 baseline sample.

Demographics

HK 2016 Population
By-Census Data
(n = 6,506,130)
n

Sampled
Participants in 2016
(n = 1017)
n

%

%

Follow-Up
Participants in 2017
(n = 429)
n

%

1b

Gender
Male
Female

2,947,073
3,559,057

45.3%
54.7%

437
580

43.0%
57.0%

194
235

45.20%
54.80%

785,981
2,228,566
2,328,430
1,163,153

12.1%
34.3%
35.8%
17.9%

126
315
384
192

12.4%
31.0%
37.8%
18.9%

49
109
165
106

11.40%
25.40%
38.50%
24.70%

1,120,143
1,987,380
3,397,499

17.2%
30.6%
52.2%

182
315
518

17.9%
31.0%
51.0%

83
133
213

19.30%
31.00%
49.70%

1,673,431
2,841,510
1,991,189

25.7%
43.7%
30.6%

137
501
377

13.5%
49.4%
37.1%

59
215
154

13.80%
50.10%
35.90%

Age
15–24
25–44
45–64
≥65

<0.001

Geographical distribution *
Hong Kong Island
Kowloon
New Territories

0.43

Education attainment
Primary and below
Secondary
Post-secondary

<0.01

0.34 b

Marital status
Single
Married

2017
Sample vs.
Census
p-Value a

2,708,709
3,797,421

41.6%
58.4%

410
602

40.5%
59.5%

188
239

43.80%
55.70%

67
72
72
60
128

15.60%
16.80%
16.80%
14.00%
29.80%

Monthly household income (HKD)
<10,000
10,000–19,999
20,000–29,999
30,000–39,999
40,000 or above
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Table 2. Cont.

Demographics

HK 2016 Population
By-Census Data
(n = 6,506,130)
n

Sampled
Participants in 2016
(n = 1017)
n

Follow-Up
Participants in 2017
(n = 429)
n

%

17
412

4.00%
96.00%

Clerical
Non clerical
Housewife

66
108
88

15.40%
25.20%
20.50%

Student
Retired/ unemployed

37
123

8.60%
28.70%

113
316

26.30%
73.70%

38
388

8.90%
91.40%

252
175

58.70%
40.80%

24
253
149

5.60%
59.00%
34.70%

49
380

11.40%
88.60%

100
324

23.30%
75.50%

193
234

45.00%
54.50%

267
123
32

62.2%
28.7%
7.5%

%

%

2017
Sample vs.
Census
p-Value a

Comprehensive social security
assistant (CSSA)
Yes
No
Occupation

History of chronic diseases
Yes
No
Living alone
Yes
No
Own heating equipment at home
Yes
No
Felt cold at home during the study
cold period in 2017
Very cold
Cold
Not cold
Reporting any adverse health effects
during the 2016 cold waves (needed
medical treatment or medicine)
Yes
No
Self- risk perception in low
temperature
High
Low
Risk at low temperature based on
pre-defined factors
High
Low
Health perception accuracy c
Correct
Underestimated
Potentially overestimated
a

χ2 test was used to measure the overall difference in proportions between this survey and the 2016 Hong Kong
Population Census data. p-value < 0.05 indicates significant difference. b χ2 test with continuity correction was
used. c Underestimated: People fulfilled at least one of the four preset criteria (old age, history of chronic diseases,
living alone and receiving CSSA) but did not consider themselves high risk. Correct: People fulfilled at least one of
the four preset criteria and considered themselves high risk AND People did not have any of the preset criteria
and considered themselves low risk. Overestimated: People did not have any of the preset criteria but considered
themselves high risk. * Marine population are excluded. Remarks: Percentage may not add up to 100% due to
missing data.

3.1.1. Risk Perception and Risk Perception Accuracy
In the 2017 survey, 45.0% of the subjects fulfilled at least one of the pre-defined risk factors and
were considered as high risk in low temperatures. Overall, 23.3% of subjects considered themselves
having higher health risk during low temperature (Table 2). Regarding risk perception accuracy,
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62.2% had correct risk perception, 28.7% had underestimated their risk and 7.5% had potentially
overestimated the risk. Among the high-risk group, 63.7% (123/193) had underestimated their risk.
3.1.2. PCPB Patterns
In general, warm-keeping PCPB uptake rate was statistically significantly higher during the colder
cold wave in 2016 (p < 0.0005 in chi-square test) (Figure 1). During the colder cold wave in 2016, 95.3%
had reported putting on more clothes, 83.4% had avoid staying in windy area and 55.0% has used
heating equipment during the cold wave (80.2 % among those owning heating equipment). In the
milder cold wave in 2017, 81.4% had reported putting on more clothes, 59.2% had avoided staying in
windy area and 28.7% had used heating equipment (41.0 % among those owning heating equipment).
In contrast, the proportion of subjects that had ensured indoor ventilation increased from 79.0% in
2016 to 89.5% in 2017.

Figure 1. Uptake rate of personal cold protection behaviour among the same group of subjects in 2016
and 2017 cold wave (n = 429). Remarks: p-values of Chi-square test comparing the four personal cold
protective behaviours between 2016 (the colder cold wave) and 2017 (a warmer cold wave) are all
<0.0005.

3.2. Associated Factors of PCPB
The selected distribution of PCPB across levels of covariates and the respective chi-square test
results are presented in Table 3. A full table of results of all variables considered can be found in
Supplementary Table S1. Subjects with previous experience of adverse health effect in the 2016 cold
wave were more likely to consider themselves as high risk at low temperature (p-value for chi-square
test = 0.003). To avoid multicollinearity, self-risk perception was excluded from multiple logistic
regression models whenever previous experience of adverse health effect was included in the model,
and vice versa.
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Table 3. Association between personal characteristics and uptake of personal cold protection behaviour in 2017 cold wave using Chi-square test.
Put on More Cloths

Personal Characteristics
No

Yes

39

155

50.0%

44.4%

39

194

50.0%

Avoid Staying at Windy Area

* p-Value

* p-Value

No

Yes

89

104

51.4%

40.9%

84

150

55.6%

48.6%

59.1%

10

39

21

12.8%

11.2%

18

65

23.1%
22
28.2%

33.5%

18

Use Heating Equipment
No

Yes

155

39

50.7%

31.7%

151

84

49.3%

28

12.1%
36

18.6%
117

* p-Value

Keep Indoor Ventilation
No

Yes

21

173

46.7%

45.1%

24

211

68.3%

53.3%

54.9%

42

7

13

36

11.0%

13.7%

5.7%

28.9%

9.4%

47

58

25

11

72

20.8%

18.5%

19.0%

20.3%

24.4%

18.8%

45

94

98

41

18

121

26.0%

37.0%

32.0%

33.3%

40.0%

31.5%

68

35

52

64

23

2

85

23.1%

19.5%

20.2%

20.5%

20.9%

18.7%

4.4%

22.1%

10

60

36

33

44

27

1

70

12.8%

17.2%

20.8%

13.0%

14.4%

22.0%

2.2%

18.2%

8

51

28

30

41

18

3

56

10.3%

14.6%

16.2%

11.9%

13.4%

14.8%

6.7%

14.6%

38

176

80

134

157

58

19

196

48.7%

50.4%

46.2%

53.0%

51.3%

47.5%

42.2%

51.2%

32

122

65

89

108

46

23

131

41.0%

35.0%

37.6%

35.2%

35.3%

37.7%

51.1%

34.2%

* p-Value

Gender
Male
Female

0.37

0.03

<0.0005

0.84

Age
15–24
24–39

56

40–59
60–69

≥70

0.64

0.09

0.08

<0.0005

Education
Primary or below
Secondary
Post-secondary or above

0.46

0.29

0.78

0.06
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Table 3. Cont.
Put on More Cloths

Personal Characteristics

Avoid Staying at Windy Area

* p-Value

No

Yes

No

17

65

48

21.8%

18.6%

15

117

19.2%

33.5%

Yes

* p-Value

Use Heating Equipment
No

Yes

35

64

27.7%

13.8%

53

80

30.6%

31.5%

* p-Value

Keep Indoor Ventilation
No

Yes

19

12

71

20.9%

15.4%

26.7%

18.5%

87

46

12

121

28.4%

37.4%

26.7%

31.5%

* p-Value

Residential districts
Hong Kong Island
Kowloon
New Territories

0.05

0.001

0.15

46

167

72

139

155

58

21

192

59.0%

47.9%

41.6%

54.7%

50.7%

47.2%

46.7%

50.0%

64

259

137

185

249

75

34

290

86.5%

74.4%

79.7%

74.0%

81.9%

65.5%

75.6%

76.5%

10

89

35

65

55

45

11

89

13.5%

25.6%

18.1%

37.5%

24.4%

23.5%

0.41

Self-risk perception at low temperature
Low risk

57

High risk

0.03

20.3%

0.18

26.0%

<0.0005

0.89

Risk-perception accuracy
Correct
Under-estimate
Potentially over-estimate

50

207

102

156

188

70

28

230

68.5%

59.7%

59.6%

62.7%

62.0%

58.8%

63.6%

60.8%

22

115

61

75

100

38

10

128

30.1%

33.1%

35.7%

30.1%

33.0%

31.9%

22.7%

33.9%

1

25

8

18

15

11

6

20

7.2%

4.7%

7.2%

5.0%

9.2%

13.6%

5.3%

1.4%

0.12

0.34

0.26

0.05

Experience of adverse health effect in 2016 cold wave and needed medical consultation/ any form of treatment
No
Yes

75

303

157

221

278

102

37

343

96.2%

86.8%

90.8%

87.0%

90.8%

82.9%

82.2%

89.3%

3

46

16

33

28

21

8

41

3.8%

13.2%

9.2%

13.0%

9.2%

17.1%

17.8%

10.7%

0.02

0.23

*p-value for Chi-square test.

0.02

0.16
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Table 4. Adjusted Odds-ratio (OR) of associated factors of personal cold protective behaviours in 2017 cold wave using multiple logistic regression.
Personal Cold Protective Measures
Associated Factor

Put on More Cloths (n = 398)
95%CI

OR

Avoid Staying at Windy Area (n = 398)
95%CI

OR

Lower

Upper

0.62

1.85

Lower

Use Heating Equipment (n = 399)
95%CI

OR
Upper

Keep Indoor Ventilation (n = 398)
95%CI

OR

Lower

Upper

Lower

Upper

ˆ Gender
Male
Female

1.00
1.08

1.00
1.34

0.88

2.04

1.00
1.85

1.14

3.00

1.00
0.92

0.46

1.85

2.62
4.50
3.41
2.30

1.00
3.31
3.34
2.52
4.00

1.12
1.18
0.82
1.210

9.77
9.50
7.74
13.19

1.00
1.74
1.12
7.22
14.57

0.64
0.38
1.13
1.33

4.73
3.36
46.02
159.55

3.97
4.67

1.00
1.94
1.44

0.97
0.73

3.91
2.84

1.00
3.07
2.10

1.16
0.88

8.16
5.02

3.26
2.45
2.74
2.11

1.00
0.51
0.73
0.63
0.70

0.221
0.32
0.25
0.31

1.18
1.68
1.56
1.56

1.00
2.02
0.77
1.22
1.49

0.36
0.15
0.22
0.29

11.34
3.85
6.73
7.74

ˆAge
15–24
25–39
40–59
60–69
≥70

1.00
0.86
1.70
0.74
1.02

0.33
0.66
0.27
0.32

2.23
4.35
2.06
3.26

1.00
1.22
2.15
1.52
0.95

0.57
1.03
0.68
0.39

ˆ Residential districts
58

Hong Kong Island
Kowloon
New Territories

1.00
2.64
1.15

1.15
0.57

6.04
2.29

1.00
2.18
2.65

1.20
1.50
ˆ Income

<10000
10000–19999
20000–29999
30000–39999
≥40000

1.00
0.70
0.66
0.42
0.42

0.24
0.22
0.14
0.15

2.03
1.99
1.29
1.18

1.00
1.50
1.14
1.20
1.00

0.69
0.53
0.52
0.47

ˆ Marital status
Currently not
married
Currently married

-

-

-

-

-

-

-

-

-

-

-

-

1.00

-

-

-

-

-

-

-

-

3.33

1.34

8.28

0.77
1.29

2.08
10.72

-

-

-

ˆ Felt cold at home during the cold period in 2017
No
Cold
Very cold

-

-

-

-

-

-

1.00
1.24
3.72
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Table 4. Cont.
Personal Cold Protective Measures
Associated Factor

Put on More Cloths (n = 398)
95%CI

OR
Lower

Avoid Staying at Windy Area (n = 398)
95%CI

OR
Upper

Lower

Use Heating Equipment (n = 399)
95%CI

OR
Upper

Lower

Keep Indoor Ventilation (n = 398)
95%CI

OR
Upper

Lower

Upper

ˆ Experience of adverse health effect in 2016 cold wave and needed medical consultation/ any form of treatment
No
Yes

1.00
5.48

1.26

23.83

-

#

Low
High

1.00
2.30

1.03

5.16

-

-

1.00
1.89

0.97

3.71

-

-

-

1.48

4.44

-

-

-

Health risk perception at low temperatures
-

-

1.00
2.57

ORs were estimated from Logistic Regression models. Bold: p-value < 0.05 in Logistic Regression. ˆ Not adjusted for “Health risk perception at low temperatures”.
“Experience of adverse health effect in 2016 cold wave and needed medical consultation/any form of treatment”.

#

Not adjusted for
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3.2.1. Put on More Clothes
Those who lived in Kowloon (compared to those who lived on Hong Kong Island) (Odds Ratios
(OR) (95% confidence interval) 2.64 (1.15 to 6.04)), those who had experienced adverse health effects
during the 2016 cold wave (5.48 (1.26 to 23.83)) and those who perceived high health risk at low
temperatures (2.30 (1.03 to 5.16)) were more likely to put on more clothes (Table 4).
3.2.2. Avoid Staying in Windy Area
Compared to residents from the Hong Kong Island, those living in Kowloon (2.18 (1.20 to 3.97)) and
the New Territories (2.65 (1.50 to 4.67)) were more likely to avoid staying in a windy area. Age group
40-59 (2.15 (1.03 to 4.50)) were also more likely to stay away from the wind compared to the youngest
age-group 15–24.
3.2.3. Use Heating Equipment
Females (1.85 (1.14 to 3.00)), those who felt very cold at home (3.72 (1.29 to 10.72)), the older
age-groups (vs. 15–24) and those who had high health risk perception (2.57 (1.48 to 4.44)) were more
likely to use heating equipment during the cold wave. The ORs of using heating equipment for the
older age-groups (vs. 15–24) ranged from 3.31 to 4.00 (Table 4). In subgroup analysis among those who
owned any heating equipment at home by age, feeling cold at home remained statistically significant.
3.2.4. Ensure Indoor Ventilation
The elderly aged above 60 years (ORs range from 7.22 to 14.57), those who lived in Kowloon
(3.07 (1.16 to 8.16)) and were married (3.33 (1.34 to 8.28)) were more likely to ensure indoor ventilation.
4. Discussion
In summary, 45.0% of the subjects were considered under high health risk during cold weather
but more than 60% (28.7% of all subjects) of this vulnerable group had underestimated their health risk.
The uptake rates of cold protective measures were generally higher in a stronger cold wave except
for ensuring indoor ventilation. Regarding associated factors of PCPB, those who had experienced
adverse health effects during the 2016 cold wave, who perceived high health risk in low temperatures,
females and the older groups (≥60) were more likely to apply PCPB in the cold waves studie.
Risk perception was associated with warm-keeping, cold protective behaviours in this study
(wearing more clothes and using heating equipment). This was consistent with the results from
previous hot effect studies from the UK [19], China [20] and Pakistan [21]. However, a significant
proportion of subjects did not consider themselves more vulnerable in extremely low temperatures
regardless of their age and history of chronic diseases and similar results have been reported in UK [38]
and North American based cities (proportions not reported) [39]. The findings did highlight the gap in
health literacy and self-risk perception and reconfirmed the need for targeted health education and
services for the vulnerable groups, such as people with chronic disease and the elderly, to reduce
exposures, and also highlighted the corresponding health outcomes and the related health burden.
The two-year survey-based study has also suggested the adaptation ability of the population to low
temperature by implementing personal protective measures based on personal experiences.
Our study found that females were more likely to uptake cold protective behaviours which agreed
with the findings from previous studies [17,18]. Previous studies suggested this may be associated with
less willingness to seek care or help among men than women, as reported previously [40]. Targeted
health promotion can be considered for the male group. Older age was another demographic factor
associated with higher adoption of PCPB, which was contradictory to the previous hot effect studies
in the UK [18] and New York City [22]. Although the effect of age on uptake of health protection
behaviours is unclear, the differences in physiological conditions that affect homeostatic process
between age groups may explain our result. Older people generally have lower metabolic rate and
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compromised thermoregulation [41,42], which may make the elderly more sensitive to cold than
heat [43]. Income or CSSA status, which was associated with hot protective behaviour in the UK [18],
and education level, which was associated with cold protective behaviour in Europe, were not found to
be associated in this study. One possibility is that most of the PCPBs in this study are straight forward,
well-promoted by the Hong Kong Observatory and financially affordable (e.g., avoid staying in windy
area), which made them less likely to affected by income and education level.
Special attention should be paid to results for ensuring indoor ventilation. While the population
were more likely to adopt warm-keeping measures in the colder winter (2016), they were less likely
to manage indoor ventilation. Hong Kong is a subtropical city in which central heating and housing
design for cold insulation are not common. On cold days, people tend to shut doors and windows
to reduce the drop in indoor temperature. Unlike regions with colder climates, facilities enhancing
ventilation, such as trickle vent on window frames, are rarely found in Hong Kong. Shutting doors and
windows leads to poor indoor ventilation. Poor ventilation is associated with higher risk of infectious
diseases [4]. Indoor air quality and heating have been raised as an important element in building
a sustainable living environment [44]. More investigation is needed to seek practical solutions in
balancing indoor warming and ventilation during cold days in different settings to reduce relevant
health risks.
To the authors’ knowledge, this is the first study examining personal cold protective behaviours
in a setting without central heating systems and cold-insulation housing design. This study covered
PCPB on the coldest day in the region in the past six decades which allowed us to capture PCPB
in response to an unusual cold wave and compare it to a that in a normal cold wave. The sample
was representative in terms of gender and residential districts. The immediate outreach to subjects
after the cold waves also helped reduce recall bias. This study has several limitations. Although the
land-based telephone list covered 94% of fix line telephones in Hong Kong, the households that were
not in the list of land-based telephone service were not included [28]. The follow-up rate was low
due to the length of the survey (about 30 minutes). Thus, the age distribution of the 2017 follow-up
sample might not be comparable to that of the general population. We adjusted age-group in statistical
models for identifying associated factors of PCPB to reduce the bias. Due to the relatively small sample
size, all chronic diseases were grouped and assessed as a single variable which might also introduce
bias as behaviour may vary by disease. Effects of microclimate that might affect personal protective
behaviours were not included in this study. The prompt interviews conducted, starting one week after
the cold waves, might not be able to capture all adverse health effects, as cold-related health effects
tended to have long lags [45–47]. The proportion of reporting unwell might be underestimated.
5. Conclusions
Our results showed that PCPB changed according to the intensity of cold waves, age, gender, past
experiences and risk perception. Study findings agree with previous studies that vulnerable groups
commonly underestimated their health-risk which might deter PCPB and increase risk of adverse
health effects. Targeted health promotion should be provided to vulnerable groups, such as those with
chronic diseases, old aged and living alone, to increase risk perception, and to males to raise their
awareness of health protection against cold to reduce avoidable cold-related health risks. This study
also raised the concern in balancing indoor warming and ventilation in warmer regions that are less
prepared for low temperature. Studies investigating warm-keeping solutions without compromising
ventilation should inform cold-related health protection strategies.
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Abstract: Little scientific evidence exists on ways to decrease the psychological stress experienced
by disaster responders, or how to maintain and improve their mental health. In an effort to
grasp the current state of research, we examined research papers, agency reports, the manuals
of aid organisations, and educational materials, in both English and Japanese. Using MEDLINE,
Ichushi-Web (Japanese search engine), Google Scholar, websites of the United Nations agencies, and
the database of the Grants System for Japan’s Ministry of Health, Labour, and Welfare, 71 pertinent
materials were identified, 49 of which were analysed. As a result, 55 actions were extracted that
could potentially protect and improve the mental health of disaster responders, leading to specific
recommendations. These include (1) during the pre-activity phase, enabling responders to anticipate
stressful situations at a disaster site and preparing them to monitor their stress level; (2) during the
activity phase, engaging in preventive measures against on-site stress; (3) using external professional
support when the level of stress is excessive; and (4) after the disaster response, getting back to
routines, sharing of experiences, and long-term follow-up. Our results highlighted the need to offer
psychological support to disaster responders throughout the various phases of their duties.
Keywords: disaster responders; support; psychosocial; risk management

1. Introduction
Natural disasters threaten every aspect of people’s lives and are a significant burden on the health
of those affected [1,2]. The alleviation of the health impacts resulting from disasters is of great concern
to all countries, as the number and scope of disasters have been increasing worldwide due to global
trends in urbanisation, environmental degradation, and climate change [3].
In the acute phase of a disaster response, treating physical health problems has often been
prioritised. However, over the past two decades, the psychological impact of disasters has come to
be a major focus of disaster health management [4–6]. The morbidity of psychiatric disorders after
disasters has been reported to be as high as 60% [7], with an increased risk for anxiety, depression,
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stress-related disorders, and alcohol and substance abuse [8]. Deteriorating psychological health
substantially decreases quality of life, and negatively affects physical and social functioning [9]. These
facts highlight the importance of enhancing psychological health as critical to alleviating the health
impact of disasters [10,11].
Disaster responders, such as health professionals, relief workers, public-service providers, and
volunteer workers in disaster-affected areas, are at high risk for extreme stress, as are disaster survivors.
Being a disaster responder involves exposure to traumatic events, a high level of work demands with
limited resources, working with highly stressed populations in critical moments, and separation from
home and family [4]. In addition, earlier studies have demonstrated that disaster responders generally
felt unprepared and were not confident they would be able to effectively support others [12,13], which
can result in psychological exhaustion and burn out.
In spite of the high likelihood of disaster responders experiencing mental health problems, little
research has been conducted on ways to decrease their psychological stress and maintain or improve
their mental health [14]. Existing studies suggest that programs providing knowledge about stress
and stress management could improve the self-esteem of disaster responders, facilitate their self-care,
and motivate them to engage in self-directive learning regarding their duties [15–18]. Programs
aiming to alleviate existing psychological symptoms have also been found to be useful by some
researchers [19]. On the other hand, a few studies did not find such programs effective [20,21]. Still
other programs targeting disaster responders’ mental health lack empirical evidence to support their
effectiveness [22,23].
The present review was part of a project that aimed to develop a psychosocial support guide for
disaster responders that could be used in a global setting. The purpose of this review was to identify the
types of psychosocial support considered appropriate for disaster responders as a preliminary item pool
for guide development. To achieve this aim we reviewed the non-academic literature, such as guides,
manuals, and educational materials, to identify field-based knowledge and practices. Although the
information in this review may not necessarily be tested scientifically, it does provide a comprehensive
picture of field experiences that could be further scrutinised by scientific measures. Academic articles
examining the effectiveness of psychosocial support specific to disaster responders were also reviewed
as a primary source of evidence. Materials in English and Japanese do not cover all the generated
information in other parts of the world, but it is anticipated that reports from Japan, which is one of the
most disaster-prone countries and thus has a rich experience in disaster responses [24], could provide
a solid knowledge base for exploring this issue.
In the following sections, we describe the procedure of our review and our analytical framework.
Accordingly, our findings are presented using an analytical framework that groups the identified
actions by their goals. To enhance their applicability to the field, the identified actions were further
grouped by disaster response phase and actors. Lastly, we discuss the characteristics of these actions,
and challenges in their implementation.
2. Material and Methods
2.1. Review Authors
All five authors conducted the literature search, and four of them analysed the data. All authors
were from a nursing research institute specializing in disaster health management. Two of the authors
are specialised in psychiatric nursing; one in nursing management and disaster nursing, one in acute
care management, and the other in public health and epidemiology. All authors were project members
for the development of a guide on psychosocial support for disaster responders, and all have field or
research experience in disaster-affected areas.
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2.2. Search Strategy

‐
‐
The search was conducted by all authors on MEDLINE (OVID), Ichushi-Web (Japanese search
engine), Google Scholar, websites of United Nations (UN) agencies, and the database of the Grants
System for Japan’s Ministry of Health, Labour, and Welfare. The employed key search terms were
“disaster”; “providers or responder”; “mental or psychological or psychosocial”; “support, education,
or intervention”; and “critical incidence stress”. The reference lists of relevant studies and reviews
were also checked, and as a result, individual book chapters and educational brochures were included
‐ Below is a flow chart showing the
in our examination. Language was limited to English and Japanese.
study selection process (Figure 1).

Figure 1. Selection of sources of evidence: academic articles and guidelines, manuals, and educational
materials included for synthesis.

2.3. Inclusion Criteria
All types of materials, such as guidelines, manuals, educational materials, and research reports,
were reviewed if they provided detailed information about actual or recommended psychosocial
support for disaster responders. The initial focus of this review was psychosocial support for disaster
responders who had not received formal training to respond to a natural disaster. Materials developed
for firefighters and army personnel were not included because the support needs of these professionals
‐ owing to the difference in preparedness for
would most likely differ from our target responders,
critical-disaster-related incidents. On the other hand, we did not exclude materials with a broader
scope than natural disasters when they provided applicable information to disaster responders.
2.4. Term Definitions
Psychological support is a composite term that was defined as any type of internal and external
support that aims to protect or promote psychosocial well-being, prevent mental disorders, and
facilitate treatment if needed [25].
2.5. Analysis
The analysis procedure was conducted by four review authors. At the beginning of the analysis,
the authors discussed the analytical framework. With the aim of developing a guide applicable to
broad societal contexts, goals were developed which were focused on enhancing field applicability by
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allowing variations in local contexts. Before setting the goals, we derived some actions from identified
materials, and sorted these by disaster-response phase. Next, we categorised the actions into a group
that aimed at the same goal (these were labelled “Goals”). Here, we explain in greater detail the
procedures in each step by asking research questions.
The first question was “What should be done to protect or improve the mental health of
responders?” To answer this question, the recommended actions for protecting and improving the
mental health of disaster responders were extracted from the materials, and each action was separately
recorded on a Post-It note. Upon reviewing these notes, it became apparent that there were two groups
initiating these actions. The first was organisations that dispatch responders to disaster-affected areas
or co-ordinate responders on site. The second was made up of disaster responders themselves, who
were expected to maintain and enhance their own mental health.
The second question was “When should these actions be taken?” To answer this question, the
various Post-It notes were grouped together on the basis of which activity phase the action was part
of: the pre, during, or after phase of the disaster response. At this stage, similar types of data were
gathered as a set of cards, and examined on the basis of whether they should be grouped as a single unit
or independent sets. Then, a label was selected for a set of cards on the basis of reviewer consensus.
Once all information was classified by phase and actor, the final question was “For what reason
should these actions be taken?” In exploring the goals of these actions, we focused on the stress
and coping theory of Lazarus that conceptualises coping as a process of interpreting the cause
of psychological stress (stressors), evaluating coping options, taking actions to reduce stress, and
reappraising the coping process [26]. The three identified goals were (1) understanding stressors and
making them manageable, (2) reducing stressors and preventing chronically stressful situations, and
(3) responding to crises for those whose level of stress was overwhelming and something that could
not be handled with normal coping strategies. Each action on the cards was classified under one of
these goals to demonstrate the expected achievement of these actions.
3. Results
The search identified 71 materials and, eventually, 49 were used for analysis (Tables 1–3). Fifty-five
actions that potentially protect and improve the mental health of disaster responders were extracted.
Each action is explained below on the basis of its goal.
3.1. Goal 1: Understanding Stressors and Making them Manageable
Seventeen actions were identified under this goal (Table 1). Responders were encouraged
to gather information on their duties and the area of operation, and then assess their readiness
to join the disaster response team before enrolment [27–35]. Organisations were recommended
to train responders to monitor their own stress levels for better stress self-management during
a disaster response [17,21,27,28,31,32,35–47]. Making a thoughtful decision on who should be
a member of the response team was also considered part of the role of the organisation before
enrolment [28,36,37,42,43,47].
During the activity phase, monitoring stressors and their impact was considered a significant
action for protecting responders’ mental health at both the individual and the organisational
level [25,27,29,30,37,38,41,45,48,49]. The re-conceptualisation of experience and feelings was specifically
suggested for individuals as a way of taking an objective view of stressors and enhancing their coping
ability [29,30,41,50].
After the activity, a reappraisal of experience and feelings during the activities was also
recommended.
In this post-phase, organisations were expected to provide opportunities
for this reappraisal in the form of workshops, seminars, and the like [25,35,39,44,45,50–55].
Furthermore, organisations were encouraged to recognise the responders’ work as an essential
contribution to the organisational goals, and to demonstrate their appreciation to members of the
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organisation [30,35,41,50,56]. Continuous monitoring of responders’ mental health was another action
to be taken by both individuals and organisations [30,41,57–60].
Table 1. Actions for Goal 1: Understanding stressors and making them manageable.
Disaster
Time

Before

Actors

Individual
Actions

Organisational
Actions

During

Individual
Actions
Organisational
Actions

After

Individual
Actions

Organisational
Actions

Actions

References

1. Gather information on one’s duties and area of operation.
2. Identify possible challenges on site.
3. Assess the readiness of one’s health, work, and family for
enrolment.
4. Make an honest decision on whether they could join a
disaster-response team.
1. Train responders in monitoring their stress levels.
2. Address potential work-related stressors.
3. Consider thoroughly who should or should not be dispatched
to disaster-affected areas.
1. Use a stress checklist to assess the impact of stressors.
2. Accept one’s own emotional reactions and tensions.
3. Re-conceptualise one’s experience during duties, and feelings
about them, from different angles.
1. Enable responders to monitor their level of stress.
2. Monitor the physical and mental health of responders.
1. Look back on what they experienced and take an objective view
of those experiences.
2. Monitor one’s mental health over the long term.
1. Recognise disaster-response activities as a contribution to the
missions of organisation.
2. Provide responders with opportunities for frankly talking
about their experience and feelings.
3. Monitor responder’s mental health over the long term.

[27–35]

[23,24,27,28,31,32,
35–47]

[29,30,41,48,50]
[25,27,37,38,41,43,
45,49,50]
[29,30,35,41,59]

[25,28,35,38,41,43,
50–58,60]

3.2. Goal 2: Reducing Stressors and Preventing Chronically Stressful Situations
Twenty-five actions were found under this goal (Table 2). In addition to maintaining physical and mental
wellbeing, solving concerns at home and work before enrolment were considered necessary preparation for
lightening possible stressors that might add to the burden during disaster-response activities [25,28,35]. It was
also recommended that responders learn stress-management skills and make their own self-care plan so that
they can effectively respond to on-site stress [28,32,40,41,50], while organisations were expected to provide the
relevant training opportunities [23,25,27–29,35,37–39,43,47,48,50,60–62]. In addition, improving teamwork,
ensuring responders have clear ideas about their duties, and making an efficient operational system
prior to deployment were considered effective ways of preventing stressful situations [28,41,44,48,50].
During the activities, responders were encouraged to take care of their physical and
mental health. Maintaining their routines, refraining from use of stimulants or addictive
substances such as caffeine, tobacco, and alcohol, and carrying out their own self-care plans
were highly recommended [24,27–32,38,41,42,45,48,53,59,63]. On the organisational side, several
actions were recommended, such as managing the responders’ workload and duties, providing
them with opportunities for informal communication and peer support, and holding defusing
sessions [25,27–30,37,38,43–46,48,50,54,64–66].
After completing on-site duties, responders were encouraged to take time off from work in
order to promote recovery from physical and psychological fatigue [27,29,40,59,67–69]. Making
sure that responders can take this rest before coming back to routine work was recommended for
organisations [24,25,39,41,50,57,70]. Changing from “disaster-response mode” to “routine mode” was
seen as another effective means for maintaining the mental health of responders [30]. Offering a clear
declaration of mission accomplishment and keeping responders informed about self-care were effective
actions that could be taken by organisations [24,28,37,39,48,57,70].

69

Int. J. Environ. Res. Public Health 2020, 17, 2011

Table 2. Actions for Goal 2: Reducing stressors and preventing chronically stressful situations.
Disaster
Time

Before

Actors

Actions

Individual
Actions

Organisational
Actions

During

Individual
Actions

Organisational
Actions

After

Individual
Actions

Organisational
Actions

References

1. Promote and maintain one’s physical and mental states.
2. Develop one’s own self-care plan.
3. Explain to family members about the duties, and set up support
and communication.
4. Disentangle one’s concerns at home and at work.
1. Improve responders’ basic knowledge and skills of
stress management.
2. Improve responders’ teamwork skills.
3. Give responders a concrete idea of what their duties will be.
4. Develop means of communication with responders’ family.
5. Develop an efficient operational system with a clear
command chain.
6. Have a written and active policy for preventing and managing
the stress of responders.
1. Maintain routines for one’s health.
2. Get enough rest and refresh oneself using the self-care plan.
3. Refrain from too much alcohol, tobacco, and caffeine.
4. Create mutually supportive teams with co-workers.
5. Keep connected with family and friends.
6. Keep a positive attitude in one’s role.
1. Control the volume and content of work given to responders.
2. Hold a defusing meeting to normalise responders’ reactions
to stressors.
3. Support responders’ informal communication with their peers.
4. Develop a peer support system within the team
(buddy system).
1. Switch from a disaster-response to routine mode.
2. Take time off from work to recover from physical and
psychological fatigue.
3. Spend time with family and friends.
1. Clearly announce the end of disaster-response activities.
2. Ensure that responders can take time off work before returning
to their routine there.
3. Provide responders with information on self-care.

[28,32,40,41,50]

[23,25,27–29,32,
35,37–39,41,44,47,
48,50,60,61,70]

[24,27–32,38,41,
42,45,48,50,53,59,
63,67,68]

[25,27–30,37,38,
43–46,48,50,54,60,
64–66]

[27,29,30,59,67–
69]
[24,25,27,28,35,37,
39,41,48,50,57,70,
72]

Table 3. Actions for Goal 3: Responding to crises and alleviating stress.
Disaster
Time
Before

Actors

Actions

References

Individual
Actions

Develop personal indicators for extreme fatigue or crisis.

[32]

Organisational
Actions

During

Individual
Actions

Organisational
Actions

After

Individual
Actions
Organisational
Actions

1. Provide training of psychological first aid to make it
immediately available to all responders in times of crisis.
2. Develop a system that responds to the traumatic
experiences of responders.
1. Ask for help from mental health professionals.
2. Make a decision as to whether to continue with or resign
one’s duties.
1. Give the responder time off, or lighten the volume and content
of work.
2. Provide support that is specific to the crisis of that responder.
3. Ensure access to professional support from external
organisations.
4. Make a decision as to whether the stressed-out responder
should remain at the site or be replaced.
1. Ask for help from professionals.
2. Take rest until recovery from the mental health crisis.
Link responders and their families to social resources, including
mental health professionals, to provide the responder with mental
health care.
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[28,36,37,43,45,47,
50,56]

[28,30,37,50,55]

[24,25,28,31,37,42,
46,48,56,66]

[37,48,53,56,57,61,
71]
[24,25,27,28,30,36,
41,48,49,57,59,72]
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Family was considered as a significant source of informal support for responders. Communication
between responders and family members about their duties prior to deployment could be key to
ensuring their families are supportive during and after deployment [28,32]. Organisations were
also encouraged, prior to deployment, to develop a means of communicating with the responders’
family during the deployment [43,50]. Staying connected to their family during deployment was also
recognised as an effective way for responders to cope with their stress [25,28].
3.3. Goal 3: Alleviating Stressful Situations and Managing Crises
Thirteen actions were identified under this goal (Table 3). Becoming aware of one’s own indicators
of extreme fatigue and crisis before enrolment could be helpful to capture signs of crisis on site in a
timely manner [32]. On the part of organisations [28,36,37,43,45,48,50,56], providing responders with
psychological first-aid training was highly recommended in order to enable responders to be effective
supporters to their peers. Building a system that effectively responds to the traumatic experience of
responders prior to deployment was also considered an organisational responsibility.
Once stress becomes unavoidable, responders’ workload and duties should be adjusted in order to ease
their physical and psychological burden [25,28,37,42,46,48,56]. If the level of stress seems overwhelming,
the use of mental-health professionals was suggested, and a decision as to whether an individual responder
should continue with or resign their duties should be made [24,25,28,31,37,42,46,48,56,66].
After the completion of activities, responders who suffered from stress need rest for a considerable
amount of time [37,56,57,71]. The use of resources, including mental health professionals, was also
suggested in this phase [24,48,49,53,57–59]. In addition, adjusting the responder’s routine work if the
level of stress continued was considered part of the organisation’s role [24,25,27,28,30,36,41,48,49,59,72].
4. Discussion
The identified actions in this study were implemented throughout all phases of disaster-response
activities. Fifty-five actions to protect and promote the mental health of disaster responders were
identified from the reviewed materials, and the three following goals were derived from these actions:
“understanding stressors and making them manageable” (Goal 1), “reducing stressors and preventing
chronically stressful situations” (Goal 2), and “alleviating stressful situations and managing crises”
(Goal 3). These three goals can be summarised as the following three steps: “be aware”, “prevent”,
and “respond”.
Among the 55 actions, 17 fell under Goal 1, 25 under Goal 2, and 13 under Goal 3. Therefore,
about 70% of the actions were preventive measures (“be aware” and “prevent”). Although responding
to a stressor once it occurs is still an important countermeasure against negative impacts on metal
health among disaster responders [9], understanding and reducing the occurrence of stressors and
enhancing resilience can also be a major part of psychosocial support for disaster responders.
In regards to the timing of actions, most actions were to be performed before and during a
disaster response, with 20 actions during the pre-period, 21 during an activity, and 14 during the
post-period. Specifically, the largest number of actions for Goal 1 (“be aware”) were found in the
pre-period, for Goal 3 (“respond”) in the activity period, and for Goal 2 (“prevent”) in both the preand during periods. These results indicate that many types of psychosocial support were expected
to be performed at the earlier stages of a disaster response. This notion echoes the view that preand peri-disaster preparation aimed at reducing stressors and responding to stress reactions can help
prevent post-disaster mental-health problems [5].
Our findings also suggest that individual actions are as important as organisational support for
the mental health of disaster responders, as almost the same number of actions were identified for
individuals as for organisations. Individual actions, such as monitoring one’s own stress level, managing
stressors, and performing self-care, were considered to be essential, especially in disaster-affected
areas, where each responder is perceived as a caregiver and works under very high-stress conditions
with limited human and social resources [4]. Many organisational actions, such as “train responders
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to monitor their stress” (Goal 1), “improve the responders’ basic knowledge and stress-management
skills” (Goal 2), and “provide information on self-care” (Goal 2), were undertaken to support such
individual actions.
Another important role of organisations was to develop a system to monitor, reduce, and respond
to responders’ stressors and stress reactions, including “develop an efficient operational system with a
clear command chain”, “have a written and active policy for preventing and managing stress among
responders”, “control the volume and content of work”, and “develop a system that responds to
the traumatic experiences of responders”. Furthermore, recommendations such as “create mutually
supportive teams with co-workers”, “support responders’ informal communications with their peers”,
and “develop a peer support system within the team” suggest that the use of a peer support system
may be a promising psychosocial approach to building a resilient response team.
On the basis of these results, the following types of psychosocial support were considered to be
helpful. The first focuses on preparing disaster responders for stressor management. Psychosocial
support of this kind can be offered through training and knowledge dissemination on stress management,
disaster-response duties, and team-building skills [4]. The second is to build the operational system,
specifically in terms of reducing stressors from daily activities. Ongoing support, both informal
and formal, needs to be established on a daily basis and over the long term [37]. Such support
is crucial to maximising the productivity of the response team and achieving organisational goals,
as well as protecting workers from stress-related mental disorders [37,50]. The third type is crisis
support and management. When there is the need for timely support, external professional support
can be helpful [37]. Clear written policies and manuals for its administration are needed to make it
effective [37,41,48,49].
However, recommending these actions does not necessarily mean that they were implemented in
the field. For example, a study conducted in the area affected by the Great East Japan Earthquake [50]
found that a significant proportion of firefighters (42%) reported that long-term leave was the most
prioritised measure for treating critical stress-related incidents caused by the disaster response. On the
other hand, only 2% reported that their affiliated department offered them leave after completion of
their response duties. Considering that human-resource management for firefighters is often better
prepared for disaster situations, the unmet needs of other types of disaster responders, especially
volunteer responders, may be even larger.
One of the possible barriers causing the gap between recommendations and implementation may
be conflicts between routine work and disaster response. In the case that disaster response is not part
of a routine, organisations may not be prepared when their staff leave work behind to respond to a
disaster. A lack of supplementary staff to make up for their work would heavily burden their colleagues
and the management department. Under such conditions, psychosocial support, such as training,
monitoring, and offering long-term leave, may not be readily available for responders. In addition,
personal characteristics, such as “calm and emotionally collected, acts on logic over emotion, exercises
emotional control and self-control”, are highly valued among disaster responders [73]. Therefore,
seeking support for one’s mental health conditions can be stigmatised in the culture of responders [50].
Individual counselling for all involved workers may be an effective way of reaching out to such
responders [50]. This approach could eventually promote awareness that psychological reactions
caused by a disaster response can affect anyone.
This study has the following limitations. First, the reviewed materials were all written in either
Japanese or English. Although the derived information from the Japanese materials grew out of
extensive experience in disaster response, the contexts of the disasters and the roles of the disaster
responders may differ on the basis of geographical areas and cultural regions. In addition, our review
covered recommended actions written in reports, guides, manuals, and research articles. Therefore,
how many of these actions were performed in the field, and whether they were effective for protecting
and improving the mental health of responders, remain unclear. For example, a systematic review
conducted by Guilaran et al. [74] reported that the positive impact of interpersonal support was
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limited in the prevention of mental health problems among disaster responders. Thus, to develop an
evidence-based package of psychosocial support for disaster responders, further studies examining
the feasibility and effectiveness of these actions are needed.
5. Conclusions
Our results highlighted the need to offer psychological support to disaster responders throughout
different activity phases. Support during the pre- and during activity periods may be crucial
to preventing and minimising the negative impact of stressors associated with disaster response.
Promoting self-care in accordance with stress monitoring can play a central role in psychosocial support.
Therefore, organisational efforts in routinising self-care by controlling the workload and ensuring
self-care opportunities are recommended. Disaster responders often work in an environment where
team members and resources from different departments, organisations, and countries are assembled
in an ad hoc manner. This condition makes it very difficult to build and operationalise a consistent
support system. Co-ordinating disaster-response activities, including workload management and
health monitoring of responders, cannot be viewed as dispensable, and the use of external resources
may be one of the solutions. Barriers against these recommendations need to be identified in future
research to bridge the gap between recommendations and implementation.
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Abstract: In addition to top-down Health-Emergency and Disaster Risk Management (Health-EDRM)
efforts, bottom-up individual and household measures are crucial for prevention and emergency
response of the COVID-19 pandemic, a Public Health Emergency of International Concern (PHEIC).
There is limited scientific evidence of the knowledge, perception, attitude and behavior patterns
of the urban population. A computerized randomized digital dialing, cross-sectional, population
landline-based telephone survey was conducted from 22 March to 1 April 2020 in Hong Kong
Special Administrative Region, China. Data were collected for socio-demographic characteristics,
knowledge, attitude and risk perception, and various self-reported Health-EDRM behavior patterns
associated with COVID-19. The final study sample was 765. Although the respondents thought
that individuals (68.6%) had similar responsibilities as government (67.5%) in infection control, less
than 50% had sufficient health risk management knowledge to safeguard health and well-being.
Among the examined Health-EDRM measures, significant differences were found between attitude
and practice in regards to washing hands with soap, ordering takeaways, wearing masks, avoidance
of visiting public places or using public transport, and travel avoidance to COVID-19-confirmed
regions. Logistic regression indicated that the elderly were less likely to worry about infection with
COVID-19. Compared to personal and household hygiene practices, lower compliance was found for
public social distancing.
Keywords: COVID-19; urban; health risks; Health-Emergency and Disaster Risk Management;
biological hazard; pandemic; PHEIC; Hong Kong

1. Introduction
The COVID-19 pandemic was considered a Public Health Emergency of International Concern
(PHEIC) by the World Health Organization (WHO) on 30 January 2020 [1]. The SARS-CoV2 belongs to
the coronavirus family, which is the same family as the severe acute respiratory syndrome (SARS) and
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middle east respiratory syndrome (MERS) viruses [2]. It was first reported as a cluster of respiratory
illnesses in Wuhan, China, on 30 December 2019. As of 12 April 2020, there were 1,844,863 confirmed
cases and 117,021 deaths according to the World Health Organization report [3]. The case-fatality
rate resulting from SARS-CoV2 is believed to be around 1%–2% for symptomatic cases [4,5], and the
proportion of asymptomatic cases of COVID-19 is much higher [6]. With a higher basic reproductive
number than SARS and MERS, and the finding of viral shedding in asymptomatic patients [7], the total
number of people infected and killed by COVID-19 exceeds SARS and MERS combined, even though
it is less deadly than them [8]. As of April 2020, although more than 200 countries have reported
confirmed cases and have implemented travel restrictions [9], social distancing [10] and other response
measures to this PHEIC, the global COVID-19 epidemic is yet to end.
The Situation in Hong Kong and Past Experiences of Similar Pandemics
Figure 1 shows that on 23 January 2020, Hong Kong reported its first imported case of COVID-19 [11]
and the first local transmission emerged on 31 January 2020 [12]. As of 14 April, there were 1013
confirmed cases [13]. As soon as cases were confirmed in Hong Kong, the Hong Kong government
implemented various infection control measures (Figure 1a), including declaring emergency response
levels in relation to COVID-19 infection [14], suspending class resumption for all schools and community
services [15,16], and prohibiting citizen outdoor activities and gatherings [17–20]. At that time, there
were a substantial number of confirmed cases of the epidemic (Figure 1b).

(a)

(b)

Figure 1. (a) Timeline of the COVID-19 outbreak in Hong Kong and the preventive measures
implemented by the Hong Kong government. (b) The confirmed cases in Hong Kong from 23 January
2020 to 16 April 2020. Note: (1) to (6) in Figure 1b correspond to (1) to (6) in Figure 1a.

The Health-Emergency and Disaster Risk Management (Health-EDRM) Framework provides
a common language and a comprehensive approach for all actors in health and other sectors,
to reduce health risks and consequences of emergencies and disasters [21]. Biological hazards,
such as infectious disease outbreaks, are considered one of the major health risks for the human
population. Besides top-down government efforts in infection control and management, efforts at
the individual and household level also have crucial roles in bottom-up resilience of Health-EDRM
for biological hazards. Currently, limited scientific evidence is available to understand patterns of
knowledge, perception, attitude and behavior undertaken by urban populations for relevant disaster
risk reduction programs and policy planning. Hong Kong, as an Asian metropolis in Southern China,
has encountered various infectious disease outbreaks, like SARS [22] and avian influenza (e.g., H5N1
and H7N9) [23,24]. Its healthcare system has pre-existing policies and practices against emerging
infectious diseases [25]. For example, wearing face masks, washing hands, and disinfecting living
quarters for SARS [26], and avoiding contact with birds for the avian influenza [27], are examples
of community bottom-up Health-EDRM practices for self-help and contribution to infection control.
This study, using a population-based, computerized randomized digital dialing landline telephone
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survey, intends to examine and explore various primary Health-EDRM prevention efforts in the
community through self-reported knowledge, perception and behaviors related to COVID-19 and
various droplet borne-transmission control-related Health-EDRM preventive measures among the
Hong Kong population [28,29].
2. Materials and Methods
2.1. Study Design and Study Population
A computerized randomized digital dialing (RDD), cross-sectional, population landline-based
telephone survey was conducted from 22 March to 1 April 2020. The study population consisted
of Hong Kong residents aged 18 years or above, including those holding valid work or study visas.
Sample exclusion criteria included (i) non-Cantonese-speaking respondents; (ii) overseas visitors
holding tourist visas to Hong Kong or two-way permit holders from mainland China; (iii) those unable
to be interviewed due to medical reasons; and iv) non-institutional residents. For the sample size
estimation, an assumption was made that 50% of the Hong Kong population were concerned about
contracting COVID-19. A sample size of 750 participants was calculated with a 3.6% margin of error
and 95% confidence interval.
2.2. Data Collection
The computerized random digit dialing (RDD) method was used for each of Hong Kong’s
18 districts to randomly select a representative sample. Stratified random sampling was used to ensure
the demographic representation of the general population in Hong Kong in terms of age, gender, and
district of residence. This data collection method has been used for other similar local studies on
infectious diseases [30,31]. Most of the calls were made during evenings (6:30 pm to 10:00 pm) to avoid
an under-representation of the working population. An eligible family member whose birthday was
closest to the survey date was invited to participate in the study. If the selected participant was busy at
the time, up to four follow-up calls would be made before that number was considered unanswered.
All telephone interviews were conducted by trained interviewers in Cantonese. Figure 2 shows that 765
eligible participants were recruited to account for missing values and increase the modelling flexibility.

Figure 2. The algorithm of the final data collection.
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2.3. Study Instrument
A self-reported structured Chinese questionnaire with 141 questions was designed on the basis
of a literature review and previous research experience [27,30–34] on data collection. Information
was collected on socio-demographic characteristics, knowledge, attitude and risk perception, and
various behavior patterns associated with COVID-19. Sociodemographic information, current and
preferred channels of information acquisitions were similar to a number of published study tools of
human behavior in extreme events in the same context [30,35,36]. Questions related to “knowledge
about COVID-19”, “risk perception”, “self-reported perception and Health-EDRM practices” and
“caregiving”, were adopted from previous studies [27,30,31]. A summary of the survey questions can
be grouped into six major subgroups as follows.
1.

2.
3.

4.

5.
6.

Sociodemographic information was collected for age, gender, district of residence, household
income, household size, marital status, education, size of housing, occupation and
employment status.
Knowledge about COVID-19, including the transmission route, and the comparison between
COVID-19 and other respiratory diseases.
Risk perception of Health-EDRM behavior associated with COVID-19, including the perceived
impacts (e.g., physical, mental, social, financial and the whole impact), perceived sufficient
knowledge to manage COVID-19, perceived severity and infectivity. Five-point Likert scales
were used to measure the level of agreement or disagreement for the questions (from 1 to 5,
1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree). The 6-item short
form of the State-Trait Anxiety Inventory (STAI) was used for measuring their current anxiety
level concerning the outbreak [32]. A binary question of whether the respondent was worried
about getting infected with COVID-19 was asked.
Self-reported perceived usefulness and actual Health-EDRM behavioral practice of nine personal
or household health emergency disaster risks management related behaviors and practices of
COVID-19 prevention behavior. These include: (1) washing hands before meals and after toileting,
(2) washing hands with soaps, (3) avoiding dining or gathering together, (4) using serving utensils,
(5) ordering takeaways more often, (6) bringing one’s own utensil when dining out, (7) wearing
a mask when going out, (8) avoiding going to public places or using public transport, and (9)
avoiding going to COVID-19-confirmed regions outside Hong Kong. The four-point Likert scale
was used to ascertain the level of the practices (from 1 to 4, 1 = always, 2 = usually, 3 = sometimes,
4 = never).
Current and preferred channels of information acquisition, the information they were interested
in and the awareness of COVID-19.
Questions about home quarantine and caregiving to non-suspected family members during the
COVID-19 outbreak were also asked.

We focused on the general patterns of health risk perception, attitude and behavior practices
associated with Health-Emergency Disaster Risk Management. Each interview took about 20–40 min.
A pilot survey study (n = 28) was conducted in March 2020 to ensure interpretability and feasibility of
the questions. Verbal consent was obtained from the participants and ethics approval and the consent
procedure of the study were reviewed and obtained from the Survey and Behavioral Research Ethics
Committee at The Chinese University of Hong Kong (SBRE-19-498).
2.4. Statistical Analysis
Descriptive statistics were reported for the study sample socio-demographic characteristics,
awareness, perception and knowledge of COVID-19. Statistical association tests (Pearson’s χ2 test,
Fisher’s exact test, or McNemar’s test) were conducted where appropriate. A binary variable of
whether the respondent was worried about getting infected with COVID-19 was used as the dependent
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variable in logistic regression. Explanatory variables entered into multivariable logistic regression
if the p-value < 0.10 in bivariate analysis. Apart from the worry, various community patterns and
individual uptake of Health-EDRM behavior associated with COVID-19 as dependent variables were
dichotomized for logistic regression (“always” or “usually” versus “sometimes” or “never”). The level
of significance of the statistical test was 0.05. All statistical analyses were conducted by using IBM
SPSS 21 (IBM Corp., Armonk, NY, USA) for Windows.
3. Results
The final study sample consisted of 765 respondents and a response rate of 44.0% (765/1738)
(Table 1). The final study sample was comparable and representative of the population data in
the Hong Kong Census 2016 [37] with respect to their age, gender, marital status and residential
districts. However, the level of education and household income in our sample were higher than the
population census.
Table 1. The respondent’s socioeconomic characteristics and comparison with Census population data.
Demographics

2016 Population Census

Study Sample

Age

n

%

n

%

18–24
25–44
45–64
65 or older

600,726
2,228,566
2,328,430
1,163,153

9.50%
35.26%
36.84%
18.40%

71
248
303
143

9.30%
32.40%
39.60%
18.70%

2,850,731
3,470,144

45.10%
54.90%

356
409

46.50%
53.50%
0.962 e

Marital status
Non-married
Married

2,523,742
3,797,133

39.93%
60.07%

304
459

39.80%
60.20%

Residential district a,b
Hong Kong Island
Kowloon
New Territory

0.334
1,120,143
1,987,380
3,397,499

17.2%
30.6%
52.2%

147
231
387

19.20
30.20
50.60

Education a
Primary level or below
Secondary
Tertiary level

<0.001
1,673,431
2,841,510
1,991,189

25.7%
43.7%
30.6%

61
330
371

8.00%
43.30%
48.70%

Household Income c
<2000–7999
8000–19999
20000–39999
40000 or more

0.332

0.425 e

Gender
Male
Female

p-Value d

<0.001
378,451
649,450
699,450
782,383

15.1
25.9
27.8
31.2

a

66
101
191
360

9.3
14.1
26.6
50.2

The Hong Kong population Census data additionally included age 15 to 17 years old. b Marine population was
excluded. c The analysis was conducted with household data; only 718 households were available in our sample.
d The χ2 test was used to measure the overall difference between this survey and the 2016 Hong Kong Population
Census data. A p-value < 0.05 indicates a significant difference. e The χ2 test with continuity correction was used.
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3.1. Perception of Various Health and Economic Impacts of COVID-19
Figure 3 describes the respondents’ perception of various health impacts brought on by COVID-19.
Although 94.4% (722/765) of the study respondents believed that COVID-19 had a large impact on
their community, social health was reported as the most affected (72.0%). In addition, participants
reported the role of government policy (68.6%) would be similar to the effort put in at the household or
individual level (67.5%). However, although 63.9% (489/765) believed they had enough knowledge
for regular communicable diseases (e.g., influenza), less than half of the participants (47.8%) reported
that they had sufficient knowledge to manage the health risk and safety during the outbreak of
COVID-19. After adjusting for age, gender, education, household income, and occupation, multiple
logistic regression suggested that people aged 65 or above were less likely to be impacted by COVID-19
in terms of their mental, social and financial status, while people with less household income were
more likely to be affected financially. In addition, females were more likely to report a large impact
on their mental health, but none of the above sociodemographic variables were associated with the
reported physical health (Appendix A Table A1).

Figure 3. Self-reported large or very large impacts of COVID-19 on various dimensions.

3.2. Knowledge and Risk Perception of COVID-19
Regarding the overall knowledge and understanding of COVID-19, results indicated that most
respondents could identify that the disease could be transmitted through droplets, direct or indirect
hand contact, fecal contamination, and contact with asymptomatic patients (Figure 4). Yet, confusion
was found with some reporting of unconfirmed transmission routes (e.g., insects as vectors) and about
24% (181/764) of the respondents did not believe that asymptomatic patients could transmit the disease,
which might affect adoption of appropriate practices. Respondents with a higher level of education
were more likely to correctly identify whether insects and asymptomatic patients can transmit the
virus (Appendix A Table A1).
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Figure 4. Reported believed transmission mode for COVID-19.

For the perceived infectivity of COVID-19, about 96% (34/765) believed the infectivity was high or
very high and that it was much higher than SARS (78.0%) and seasonal influenza (52.5%). For the
perceived severity, about 80% (156/765) believed it had a severe or very severe harm to health, which
was less than SARS (90.5%) but higher than seasonal influenza (21.6%).
3.3. Attitude and Uptake of Health-EDRM Behavior Practice towards COVID-19
Although the uptake of Health-EDRM practice varied, most respondents agreed that personal
or household preventive measures could reduce the transmission of COVID-19 (Table 2). Significant
statistical differences were found between attitude and practice in regards to washing hands with
soap, ordering takeaways more often, wearing masks when going out, avoidance of visiting public
places or using public transport, and avoidance of travelling beyond COVID-19-confirmed regions
outside Hong Kong. Furthermore, a comparison of the behavior of wearing masks before and after the
epidemic found that when going outdoors, mask wearing had increased from 11.3% (86/764) before
the epidemic to 97.4% after the disease outbreak (McNemar’s test, p-value < 0.001). Compared to
personal and household hygiene, compliance of social distancing in public was lower. After adjusting
for age, gender, education, household income, and occupation, multiple regression revealed that male
gender was significantly negatively associated with the behavior of washing hands with soap and
the avoidance of dining and gathering together. Compared to white collar workers, housewives and
the unemployed or retired were more likely to avoid going to public places or using public transport
(Appendix A Table A2).
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Table 2. Perceived usefulness and practice of preventive measures against COVID-19.
Thought It Was
Useful for Prevention

Control Measures that Can Protect
from COVID-19 Infections

Always or Usually
Practicing Currently

Attitude vs.
Practice a

n

%

n

%

p-Value

Wash hands before meals and after
toilet

749

97.9

749

97.9

0.555 b

Wash hands with soaps

740

96.7

706

92.3

<0.001

Wear mask when going out

753

98.4

745

97.4

<0.001 b

708

92.5

568

74.2

0.174

542

81.9

52

7.9

0.199

Use serving utensil
Bring own utensils when dining out

†

Order takeaway more often

474

62.0

262

34.4

<0.001

Avoid dining or gathering together

742

97.0

616

85.0

0.178

Avoid going to public place or using
public transport

713

93.4

408

53.5

0.002

Avoid going to COVID-19 confirmed
regions outside Hong Kong

714

93.3

628

88.0

<0.001

a

Chi-square or Fisher’s exact test was used to test whether the perceived usefulness and practice are dependent.
Fisher’s exact test was used. † This analysis only included people who will go outdoors for a meal during the
epidemic (n = 662).
b

Around 32.7% (n = 249) of respondents believed in religion. Among them, analysis of mass
gathering activity showed that 68.7% (171/249) reported that they reduced their religious gathering
behavior during this pandemic. In addition, about a quarter of the study population (n = 181) reported
that they had traveled abroad since January 2020. Mainland China (30.6%) and Japan (25.0%) were the
most popular travelling areas.
3.4. Sociodemographic Factors Affecting Anxiety around Getting COVID-19
Among all the respondents, 66.7% (252/757) worried that they would become infected with
COVID-19 with a mean STAI score of 2.57. Bivariate analyses of different socio-demographics,
perception of the effect of COVID-19, and perceived infectivity and severity towards the worry about
getting COVID-19 were conducted (Table 3). A multivariable logistic regression (Omnibus tests of
model coefficients chi-square: 86.9, df = 10) revealed that young age, respondents who perceived
significant COVID-19 impact on their physical, mental health, and/or social life were more likely
to express anxiety of being infected. In addition, as the first global metropolis to report house pet
SARS-CoV2 infection, our study showed that among the 124 respondents who are house pet owners,
18.5% (23/124) worried that their pets will also be infected with COVID-19.
The multivariable regression revealed that except for age, sociodemographic factors including
gender, chronic disease status, education, marital status, household income, household floor area and
district of residence were not significantly associated with the concern of becoming infected, which
suggested that the worry of COVID-19 was indiscriminate across different sociodemographic factors in
Hong Kong. Meanwhile, believing COVID-19 had a large effect on their physical, mental or social
health was more likely to cause worry that they will be infected.
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Table 3. Factors affecting concern of getting COVID-19.
Not Worry or Don’t
Know † (n = 252)

Worry (n = 505)

18–24

15 (6.0%)

55 (10.9%)

25–44

77 (30.6%)

169 (33.5%)

Characteristics

Age

Gender
Chronic disease

Education level
87

Marital status

Residential district

Families members with chronic
disease
Household floor area

45–64

103 (40.9%)

198 (39.2%)

65 or more

57 (22.6%)

83 (16.4%)

Male

132 (52.4%)

220 (43.6%)

Female

120 (47.6%)

285 (56.4%)

No

206 (81.7%)

412 (81.6%)

Yes

46 (18.3%)

93 (18.3%)

Primary level or below

25 (10.0%)

33 (6.6%)

Secondary level

108 (43.0%)

220 (43.7%)

Tertiary level

118 (47.0%)

250 (49.7%)

Non-married

99 (39.4%)

201 (39.9%)

Married

152 (60.2%)

303 (60.1%)

Hong Kong Island

52 (21.0%)

93 (18.4%)

Kowloon

83 (32.9%)

145 (28.7%)

New Territories

116 (46.0%)

267 (52.9%)

No or don’t know

209 (82.9%)

393 (77.8%)

Yes

43 (17.1%)

112 (22.2%)

350 ft or below

53 (21.6%)

100 (21.1%)

351 ft to 800 ft

157 (64.1%)

304 (64.0%)

801 ft or above

35 (14.3%)

71 (14.9%)

p-Value

AOR (95% CI)

p-Value

1
0.037

0.022
0.957

0.249

0.908

0.207

0.100

0.964

0.567 (0.294–1.095)

0.091

0.606 (0.318–1.153)

0.127

0.493 (0.244–0.995)

0.048

1
1.323 (0.956–1.831)

0.092
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Table 3. Cont.
Not Worry or Don’t
Know † (n = 252)

Worry (n = 505)

<2000–7999

29 (12.1%)

36 (7.6%)

8000–19,999

36 (15.0%)

65 (13.8%)

20,000–39,999

66 (27.5%)

123 (26.1%)

40,000 or more

109 (45.4%)

248 (52.5%)

No

158 (62.9%)

206 (40.9%)

Yes

93 (37.1%)

298 (59.1%)

No

183 (72.6%)

219 (43.4%)

Yes

69 (27.4%)

286 (56.6%)

No

181 (71.8%)

324 (64.2%)

Yes

71 (28.2%)

181 (35.8%)

No

104 (41.3%)

108 (21.4%)

Yes

148 (58.7%)

397 (78.6%)

No

22 (8.7%)

20 (4.0%)

Yes

230 (91.3%)

485 (96.0%)

No

127 (50.4%)

269 (53.3%)

Yes

125 (49.6%)

236 (43.7%)

Very low to medium or
don’t know

16 (6.3%)

17 (3.4%)

High or very high

236 (93.7%)

488 (96.6%)

Very low to medium or
don’t know

58 (23.0%)

63 (19.0%)

High or very high

194 (77.0%)

409 (81.0%)

Characteristics

Household income

Believing COVID-19 had large
effect on their physical health
Believing COVID-19 had large
effect on their mental health
Believing COVID-19 had large
effect on their financial status
88

Believing COVID-19 had large
effect on their social life
Believing COVID-19 had large
effect on whole Hong Kong
society
Perceived sufficient knowledge
to manage COVID-19
Perceived COVID-19 infectivity

Perceived COVID-19 severity

†

248 participants reported “not worried” and 4 reported “don’t know”.

p-Value

AOR (95% CI)

p-Value

0.147

<0.001

1
1.583 (1.111–2.256)

<0.001

1
2.490 (1.719–3.608)

0.035

<0.001

<0.001

1
0.927 (0.644–1.336)

0.685

1
1.657 (1.138–2.413)

0.007

0.011

0.008

1
1.205 (0.608–2.385)

0.593

0.456

0.058

1
1.290 (0.610–2.728)

0.197

0.505
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3.5. Other Related Behavioral Experiences: Home Quarantine and Caregiving to Non-Infected Family Members
during COVID-19
Of the study respondents, 4.2% (32/765) reported that they practiced home-quarantine for
COVID-19, where 71.9% (23/32) were volunteers and 28.1% (9/32) were compulsory quarantined. Most
cited reasons for home-quarantine was history of recent travel abroad (13/32 = 40.6%) and close contact
with confirmed patients (6/32 = 18.8%). About 83.8% subjects believed that quarantine was effective
in infection control. During the COVID-19 epidemic, 25.1% of respondents (n = 192) reported that
they engage in regular home and social care responsibilities. Among all the care providers, around
20% reported that they previously used community services and centers (e.g., school and day care
centers) before COVID-19. Meanwhile, among these community service users, about 40% had stopped
or decreased the use of those services due to closure during the epidemic. Respondents reported
the need to take care of one (45.8%) or two family members (35.4%). About 28% and 7.4% of these
respondents had been caring for frail older adults and those with disabilities, respectively. More details
on caregiving to non-infected family members will be reported separately.
3.6. Information Channel and Type of Information of Health Information Seeking for COVID-19
More than 95% of the respondents reported that they were continuously concerned about the
development of the COVID-19 epidemic. The main reported information seeking channels were
television (36.1%), internet (28.8%) and smartphone apps (27.6%). When asked what kind of information
they wanted to know, 88.3% and 87.7% of respondents wanted to know information about a vaccine
and the situation of the epidemic, respectively.
4. Discussion
Using the standard computerized RDD method, this population landline-based study showed
the self-reported perceived health impact, and the health emergency and disaster risk management
(Health-EDRM) related preventive measures uptake (both individual or household level, and government
level) against COVID-19 among the Hong Kong population. Consistent with other telephone survey
results at early stages of the pandemic reported in Hong Kong, most respondents continued to report
high perceived severity of COVID-19 [38]. In addition, a higher anxiety level during COVID-19 (STAI of
2.57) was seen in this study when compared with previous studies using the comparable scales conducted
during SARS (2.24) in 2003 [39], and the H7N9 epidemic (1.85) in 2014 [27].
For various health impacts on demographic subgroups, people aged 65 or above reported that
they were less affected by COVID-19 in terms of mental and social health, and these factors were also
found to be significantly associated with concern of COVID-19. Findings were consistent with the online
survey study results in mainland China [40] that also reported a higher anxiety level among younger
respondents. The previous published online survey held in Hong Kong in February 2020 [41] had
reported a higher proportion of respondents in distress from COVID-19, which might be explained by the
differences in sampling of that study, which had recruited a lower proportion of the elderly. In contrast,
the health severity perception of COVID-19 in this telephone survey was lower. This could be due to
feeling fatigue with the epidemic news [42] or due to receiving more information about the situation and
the virus, as the epidemic had evolved when compared with previous reported findings. Study findings
indicated that respondents with chronic disease did not have higher levels of worry of getting COVID-19
when compared with those without chronic disease, even though the literature suggested that having
chronic disease was considered as a risk factor for disease severity (complications and mortality) in
COVID-19 [43–46]. Strengthening of information about those at higher risk in the community should be
provided to raise the awareness of people at risk. Of note, the local population reported their belief that
individuals (68.6%) bore comparable responsibility compared to the government (67.5%) to engage in
infection control. Less than half of the respondents reported to have sufficient knowledge and accurate
concepts to manage the health risk and safety during the outbreak [47]. For example, a quarter of
the respondents did not perceive asymptomatic patients as infectious, which was similar to published
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findings in Egypt [48]. This misconception may affect the effectiveness of COVID-19 prevention efforts
because the literature indicates that infected people can transmit the virus regardless of symptoms [7]
and a high asymptomatic proportion of all infected patients was reported in Japan and Italy [6,49].
Furthermore, respondents with a misconception of the transmission route were found to be more likely
to use television or radio as their main information source. As this misconception may likely be due to
the lack of emphasis on asymptomatic patients as a transmission route, additional information related to
the transmission route should be tailored to those with a lower education level.
Health-EDRM encompasses a wide range of components, where the component “Community
Capacities for Health-EDRM” highlights the importance of the participation of the local population for
managing the health risks in an emergency. Among the Health-EDRM behavioral practices [28], which
are related to primary disease prevention practices [29], significant differences were found between
attitude and practice in regards to washing hands with soap, ordering takeaways more often, wearing
masks when going out, and avoiding going to COVID-19-confirmed regions outside Hong Kong. People
who regarded these behaviors as useful tended to have a higher uptake rate. Consistent with Kwok et
al. and Cowling et al. [38,41], the Hong Kong population showed a high compliance of wearing masks
(94.2%), and there was a significant difference before and after the outbreak, which might be due to the
high awareness of the outbreak, mass public health information announced through different channels,
and the previous experience of SARS. However, more than half of respondents still reported traveling
to COVID-19-confirmed regions before and during the study period. In addition, moderate and low
uptake rates were found in using serving utensils (74.2%) and bringing their own utensils to meals (7.9%).
Uptake patterns were found to be higher when compared with a previous study conducted during the
H7N9 pandemic [27], where rates of 45.9% and 1.6%, respectively, were reported.
Meanwhile, no significant differences were found between perceived usefulness and practice of
avoidance of dining or gathering together. This might suggest that even though people thought social
avoidance might be useful to prevent COVID-19, they were unwilling to practice this socially limiting
preventive behavior. As our study findings showed, males were less likely to avoid dining or gathering
together, this might also provide the hypothesis that gender behavior might at least be associated
with the gender imbalance in confirmed cases (with male predominance) at the beginning of the local
outbreak [50]. In addition, “ordering takeaway food” was found to have increased by respondents
during the epidemic. This increase may due to the social distancing promotion and regulations by
the government (e.g., encouraging restaurants to provide takeaways as an option and avoiding table
sharing) [51,52]. To promote better self-protection against infectious diseases, targeted interventions
may focus on increasing the awareness towards the outbreak for the behaviors with a significant
attitude–practice gap, while for the behaviors without an attitude–practice gap, additional measures to
reinforce the practice were suggested. Further studies focusing on the barriers and self-efficacy might also
be needed. Appropriate Health-EDRM health education and risk communication might wish to target
subgroups who revealed suboptimal behavioral practices to further improve bottom-up response efforts.
Television, internet and smartphone apps were the top three channels for obtaining infectious
disease information, covering more than 90% of the population. In Hong Kong, habits of television
consumption have developed among the middle-aged and elderly, while the use of internet or
smartphone apps were more popular in the younger age group. Consistent with the survey previously
held in Hong Kong in February [41], almost all of the respondents would like to know more about
the current situation of the outbreak, and how the government and themselves should respond.
The availability and safety of COVID-19 vaccine were also of interest to general population.
Study limitations included the methodological limitations of telephone surveys. Firstly, households
with no land-based telephone service may be missed. Nonetheless, the penetration rate of residential
fixed line services in Hong Kong was 85.5% in December 2019 [53]. In addition, our study was
conducted during the peak period of confirmed cases of COVID-19 in Hong Kong. During the data
collection period, Hong Kong had 492 confirmed cases, accounting for almost half of the cases as
of 14 April. Furthermore, the data collection occurred during the lockdown period in Hong Kong
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when people were advised to stay at home, and the government prohibited group gatherings of more
than four people in public places under the Prohibition on Group Gathering Regulation. In addition,
a landline telephone survey allows for more accurate geographic and demographic targeting when
compared with mobile and online surveys. In general, specific subgroups, such as the elderly and
the poor are more likely to be reached via landline than young adults [54]. Moreover, the landline
telephone study methodology might capture populations that might be less technological or digital
literate and it also offers the opportunity for researchers to compare with previous study findings with
similar study methodology of other extreme events and disaster context. Finally, our sample was
collected over a short period and comparable with the population census data in terms of age, gender,
district of residence and marital status, which was generalizable to the Hong Kong population.
Secondly, the cross-sectional study design can only demonstrate associations between patterns and
social-demographic predictors and causation cannot be attributed to the findings. A further cohort-based
study design should be considered to monitor and assess changes in knowledge, attitude and practice
patterns. Thirdly, this study might be subject to reporting bias since the information collected was
self-reported, and data from non-respondents could not be obtained. In addition, the enquired personal
or household health emergency disaster risks management (Health-EDRM) related behaviors and
practices of COVID-19 prevention behavior were developed based on previous health and hygiene
behavioral practices that might be relevant to contact transmission of the disease [33]. Yet, there are other
relevant Health-EDRM behavioral practices in other cultural (non-Asia) and living contexts (e.g., rural
community’s settings) that are worth exploring to generate evidence and develop health-risk education.
Last but not least, as the survey study was conducted after the implementation of the government
preventive social distancing measures (e.g., restricting restaurant’s customer density, prohibition of group
gathering), behavioral patterns might be subject to further changes if authorities have regulation and
policy changes.
5. Conclusions
The Health-EDRM Framework is an integrated approach to manage health risks and build
resilience. The COVID-19 pandemic offers an opportunity for the global community to understand how
community and individuals might engage in disease prevention and health protection Health-EDRM
behaviors that address a major biological hazard. The study findings indicated elderly and people
with low education attainment had relatively poor knowledge and were less likely to adopt preventive
Health-EDRM practices toward COVID-19. Tailored information with relevant information channels
should be considered to reach these at-risk groups. Better understanding of uptake of knowledge,
perception, attitude and behavior patterns by urban populations might facilitate better program and
policy planning for Health-EDRM.
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Appendix A
Table A1. Association between demographic variables and risk perception and knowledge about COVID-19.
Risk Perception

Demographics
Large Impact on
Mental Health

Large Impact on
Social Health

Education
Primary
Secondary
Post-secondary

92

Gender
Male
Female

1
1.41 (1.02–1.95) *

1
1.60 (1.10–2.33) *

Age
18–24
25–44
45–64
65+

2.00 (0.77–5.18)
2.21 (1.19–4.12) *
1.26 (0.73–2.19)
1

6.12 (1.78–21.54) *
4.03 (1.99–8.15) *
2.98 (1.60–5.55) *
1

Household income
<2000–7999
8000–19,999
20,000–39,999
40,000 or more
Occupation
White collar
Blue collar
Housewife
Student
Unemployment or retired

Knowledge

Large Impact on
Financial Status

Large Impact on
Hong Kong

1.10 (0.51–2.38)
1.81 (1.22–2.69) *
1

0.15 (0.04–0.51) *
0.51 (0.21–1.23)
1

7.93 (2.76–22.76) *
7.05 (3.35–14.81) *
4.32 (2.22–8.42) *
1

Can be Prevented at
Government Level

Can Be Spread by
Insect

Can Be Spread by
Asymptomatic Patient

2.89 (1.35–6.18) *
1.40 (0.87–2.26)
1

0.45 (0.21–0.96) *
0.50 (0.32–0.78) *
1

3.06 (0.88–10.61)
2.12 (1.10–40.9) *
0.96 (0.55–1.69)
1

1
0.43 (0.20–0.92) *
0.33 (0.16–0.72) *
0.25 (0.12–0.54) *
1
1.70 (0.99–2.93)
1.95 (0.98–3.90)
1.35 (0.36–5.05)
3.41 (1.72–6.76) *

Note: Multivariable regression was not performed on outcome variables with a small number of cases (probability of that happening <0.05 or >0.95). Only variables with significant odds
ratios in the multivariable logistic regression are shown in the table. None of these five demographic variables were significantly associated with believing COVID-19 had a large impact on
their physical health, perceived sufficient knowledge of COVID-19, believing COVID-19 can be prevented at the household or individual level, perceived high infectivity and perceived
severity of COVID-19. * indicates p < 0.05.
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Table A2. Association between demographic variables and the practices (always or usually) of
preventive measures against COVID-19.
Demographics

Wash Hands
with Soaps

Education
Primary
Secondary
Post-secondary

0.31 (0.12–0.84) *
0.68 (0.33–1.42)
1

Gender
Male
Female

1
2.27 (1.17–4.43) *

Age
18–24
25–44
45–64
65+

2.15 (0.39–11.97)
4.62 (1.47–14.52) *
2.83 (1.15–6.95) *
1

Avoid Dining or
Gathering
Together

Use Serving
Utensil

Avoid Going to
Public Place or Using
Public Transport

0.15 (0.04-0.51) *
0.51 (0.21–1.23)
1
1
1.82 (1.21–2.74) *
2.48 (0.93–6.65)
2.08 (1.09–3.98) *
1.37 (0.77–2.44)
1

Household income
<2000–7999
8000–19,999
20,000–39,999
40,000 or more
Occupation
White collar
Blue collar
Housewife
Student
Unemployment or retired

1
0.70 (0.44–1.23)
3.47 (1.87–6.42) *
0.99 (0.37–2.65)
2.29 (1.28–4.07) *

Note: Multivariable regression was not performed on outcome variables with a small number of cases (probability
of that happening <0.05 or >0.95). Only variables with significant odds ratio in the multivariable logistic regression
are shown in the table. None of these five demographic variables were significantly associated with bringing one’s
own utensils when dining out, ordering takeaway food more often, and avoiding going to COVID-19-confirmed
regions outside Hong Kong. * indicates p < 0.05.
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Abstract: The 2011 nuclear disaster in Fukushima was not only a health disaster, but also an
information disaster. Although media can promote health communication following disasters,
studies have revealed associations between media information and negative psychological reactions.
To clarify the relationship between media utilization and current health anxiety due to radiation
exposure, a cross-sectional questionnaire survey was conducted in Fukushima. We selected 2000
subjects from evacuation (i.e., 500) and non-evacuation (i.e., 1500) areas by two-stage stratified
random sampling. As the independent variable, participants were asked about current health anxiety
due to radiation exposure at the time of answering the questionnaire. For utilization of media
about radiation exposure, local media, national media, Internet media, public broadcasts, and public
relations information from local government were set as the dependent variables. Questionnaire
data were analyzed by evacuation type (i.e., forced/voluntary). In a multivariate logistic regression
analysis, the use of public relations information was significantly associated with lower anxiety for
the forced evacuees (odds ratio: 0.72; 95% confidence interval: 0.56–0.93). Our findings highlight the
importance of public relations information from local government in terms of it being associated with
lower current health anxiety, and this could potentially aid in preparing for future disasters.
Keywords: Fukushima nuclear accident; mass media; Internet; public health practice; community
mental health services

1. Introduction
The Great East Japan Earthquake, which occurred on 11 March 2011, was the largest earthquake
ever recorded in Japan’s history. The earthquake (magnitude 9.0) generated a massive tsunami that
caused enormous damage to the Pacific Coast. This was followed by a separate tsunami, which hit
the Fukushima Daiichi Nuclear Power Plant operated by the Tokyo Electric Power Company, causing
radiation disasters in Fukushima Prefecture and requiring the long-term evacuation of residents from
many surrounding municipalities. Due to this triple disaster, more than 92,000 residents who lived in

97

Int. J. Environ. Res. Public Health 2020, 17, 3921

an area designated by the national government as an evacuation area were forced to leave their homes
(as of May 2016) [1]. Moreover, some residents decided to evacuate voluntarily to avoid the effects of
the nuclear disaster, even residents who lived in non-evacuation areas.
The nuclear accident at the Fukushima Daiichi Nuclear Power Station caused multiple public
health problems, including increased anxiety and mental health issues due to perceived risk among
the evacuees and residents of Fukushima. In addition, Yamashita, who supported the nuclear accident
response on-site as a radiation specialist, have argued that the Fukushima event was not only a
health disaster, but also an information disaster [2], because the accident was an unprecedented
experience for evacuees, and their perceived radiation exposure risk may have been related to the
mass media. Consequently, their disaster-related stress and/or psychological distress levels may have
been affected [3]. Indeed, newspaper coverage of the accident focused mainly on the crisis response
relating to immediate issues, actions, and decisions in the aftermath of the accident (e.g., information
of on-site actions undertaken, communications about the INES (International Nuclear Event Scale),
food restrictions, cost, and number of people affected and being evacuated) [4].
One of the recommendations of the Chernobyl Forum report was to address the lack of accurate
information available to local populations on the health risks as a result of the disaster itself, as well
as wider health risks such as non-communicable diseases [5]. Moreover, the United Nations Sendai
Framework for Disaster Risk Reduction aims to understand disaster risk while sharing non-sensitive
information and appropriate communications, and to strengthen the utilization of media, including
social media and traditional media [5]. In fact, the media functioned as a form of interpersonal
communication with others, or as a channel for local government and other organizations during
the immediate aftermath of the Great East Japan Earthquake [6]. However, the media are not always
helpful. Several studies have examined disaster-related television viewing in the context of terrorism
and have explored a range of outcomes, including post-traumatic stress disorder (PTSD), depression,
anxiety, stress reactions, and substance use [7]. One study reported a significant association between the
consumption of television and Internet coverage of the 2011 Great East Japan Earthquake and Tsunami,
and post-traumatic reactions [8]. This suggests that the media (including Internet and television) can
trigger negative psychological responses in evacuees and residents who use it.
Against this backdrop, the present study aims to clarify the association between media utilization
(e.g., Internet media, public relations information from local government, and other traditional
media) and current strong health anxiety at the time of the survey in the context of the Fukushima
nuclear disaster, in order to consider effective modes of disaster communication among evacuees.
These findings will likely be useful for future disaster risk reduction and management.
2. Materials and Methods
2.1. Participants
This cross-sectional questionnaire survey targeted 2000 residents of Fukushima Prefecture aged
20–79 years. Participant selection was based on two-stage stratified random sampling (stage one, survey
of the region; stage two, survey of individuals). A random selection occurred of 33–34 individuals per
point from municipal resident registration files to obtain 2000 representative participants. Of the 2000
subjects, 500 were from the three types of evacuation area that the Japanese government designated
according to spatial radiation dose rates, as follows: (1) difficult-to-return areas, with a radiation dose
rate ≥50 millisieverts (mSv) per year; (2) residence restriction areas, with a radiation dose rate ≥20 and
<50 mSv per year; and (3) areas where evacuation orders were ready to be lifted as of 22 April 2011.
The remaining 1500 people lived in the non-evacuation areas of Fukushima Prefecture (500 people
were selected from each of the three areas of Hama-Dori, Naka-Dori, and Aizu) (Figure 1). We sent
an anonymous, self-reporting postal questionnaire to participants between August and October 2016.
The survey was approved by the ethics review committee of Fukushima Medical University on 12 April
2016 (approval number: 2699).
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Figure 1. Evacuation and non-evacuation areas in Fukushima. Regions colored in dark gray correspond
to the municipalities where evacuation orders were issued. Hama-Dori, Naka-Dori, and Aizu were the
non-evacuation areas.

2.2. Survey Variables
For the independent variable, i.e., current anxiety regarding perceived radiation health risks,
participants were asked to subjectively rate at the time of answering the questionnaire “Your current
level of anxiety about the effects of radiation on your health due to the nuclear disaster” on a five-point
scale: “Not at all,” “Only a little,” “Somewhat,” “Very,” and “Extremely.” “Very” and “Extremely”
were categorized as the “current strong anxiety group,” with the other levels of anxiety as the “no or
weak anxiety group.” This questionnaire was investigator-designed.
For utilization of media about radiation, respondents selected up to three items from the
following 13 options: local newspapers, national newspapers, NHK (Nippon Hoso Kyokai) television
(public broadcast television, both national and local), private local broadcast television, private
national broadcast television, radio, Internet news, Internet sites/blogs, social network services (SNS),
magazines/books, public relations information from local government, word of mouth, and none of
the above. To assess the association between media utilization and current strong health anxiety,
we categorized “any local media (local newspapers and broadcasting),” “any national media (national
newspapers and broadcasting),” “public broadcasting (NHK),” “any Internet media (Internet news,
Internet sites/blogs, SNS),” and “public relations information from local government” as dependent
variables, since these types of media were utilized by a relatively large number of respondents.
Regarding current health anxiety due to radiation exposure, participants were asked about:
(1) anxiety related to delayed effects (e.g., severe diseases) with the statement “I am worried I might
suffer from serious diseases due to the influence of radiation in the future”; (2) anxiety related to
unhealthy status with the statement “Every time my condition gets worse, I become anxious about
radiation exposure”; (3) anxiety related to genetic effects with the statement “I am worried that the
influence of radiation will be inherited by the next generation, such as my children and grandchildren”;
and (4) anxiety relating to broadcasting about nuclear issues with the statement “Looking at reports on
nuclear power plant accidents, I become very anxious.” These four single-item questions were part of a
reliable questionnaire regarding radiation anxiety (i.e., the 7-item Radiation Anxiety Scale developed
by Umeda et al. [9] and presented by Fukasawa et al. [10]). The Cronbach’s alpha coefficient of the
scale has been reported as 0.81, and in the present study sample, it was 0.84.
The other questionnaire than the 7-item Radiation Anxiety Scale was investigator-designed.
All questionnaire items were shown in a previous report presented by Nakayama et al. [11].
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2.3. Statistical Analysis
Data were also analyzed by evacuation type: (1) forced evacuation (or forced evacuees),
which refers to evacuation due to living in an area designated by the national government as
an evacuation area, as of 11 March 2011; and (2) voluntary evacuation (or voluntary evacuees),
which refers to voluntary evacuation to avoid the effects of the nuclear disaster, even among residents
living in non-evacuation areas, as of 11 March 2011. The chi-square test and multivariate logistic
regression analysis were used to examine the association between media utilization and current
strong health anxiety due to the nuclear disaster, as well as the characteristics of current strong health
anxiety among evacuees by evacuation type. Statistical significance was evaluated using two-sided,
design-based tests with a 5% level of significance. All statistical analyses were performed using SPSS
23.0 (IBM Corp., Armonk, NY, USA).
3. Results
3.1. Participants
We sent out 1985 questionnaires (excluding those returned to the sender due to no one residing
at the address) and received 916 responses from August to December 2016 (response rate, 46.1%).
After excluding 55 respondents who failed to provide information regarding sex or age, as well as
636 respondents who were not evacuees or did not answer a question about relocation due to nuclear
disaster, the final study population consisted of 225 respondents who were either forced (n = 156) or
voluntary (n = 69) evacuees (Figure 2).
[Evacuation area]

[Non-evacuation area]

Subjects: 500 evacuees

Subjects: 1500 residents

Respondents:
203 evacuees

Respondents:
713 residents
Excluded those with missing
age or gender information

(n=11)
Respondents:
192 evacuees
(n=36)

(n=44)

Respondents:
669 residents

Excluded respondents who did
not answer question about
relocation due to nuclear disaster
Excluded those who did not relocate
after nuclear disaster

Analyzed subjects:
n=156

(n=39)

(n=561)

Analyzed subjects:
n=69

(Forced evacuees)

(Voluntary evacuees)

Analysed
Analyzedassociation
associationbetween
betweenutilization
utilized media
media
and current health anxiety

Figure 2. Sample selection in the evacuation and non-evacuation areas. The analyzed subjects included
156 forced evacuees and 69 voluntary evacuees.
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3.2. Respondent Characteristics
The proportions of respondents aged 65 years and older, of respondents with a junior/senior high
school education, and of respondents who were unemployed were higher among forced evacuees
compared to voluntary evacuees (Table 1).
Table 1. Basic characteristics of the participants (forced/voluntary evacuees).

Age (as of August 2016)
<40 years
40–64 years
≥65 years

Total

Forced
Evacuees

Voluntary
Evacuees

(n = 225)

(n = 156)

(n = 69)

n (%)

n (%)

n (%)

p-Value (χ2 )

32 (14.2)
110 (48.9)
83 (36.9)

16
76
64

(10.3)
(48.7)
(41.0)

16
34
19

(23.2)
(49.3)
(27.5)

0.02
(χ2 = 7.99)

89 (39.6)
136 (60.4)

61
95

(39.1)
(60.9)

28
41

(40.6)
(59.4)

0.83
(χ2 = 0.04)

Education
Junior/senior high school
Vocational college, university, or graduate school

145 (65.6)
76 (34.4)

110 (71.9)
43 (28.1)

35
33

(51.5)
(48.5)

<0.01
(χ2 = 8.70)

Occupational category
Employed or owner
Suspended from job
Unemployed

105 (47.5)
7
(3.2)
109 (49.3)

58
7
88

(37.9)
(4.6)
(57.5)

47
0
21

(69.1)
(0.0)
(30.9)

<0.01
(χ2 = 19.5)

Living area as of March 11, 2011
Evacuation areas
Non-evacuation areas
(Hama-Dori area)
(Naka-Dori area)
(Aizu area)

156 (69.3)
69 (30.7)
50 (22.2)
15
(6.7)
4
(1.8)

156 (100.0)
0
(0.0)
-

0
69
50
15
4

(0.0)
(100.0)
(72.5)
(21.7)
(5.8)

Gender
Male
Female

<0.01
(χ2 = 220.3)

3.3. Utilization of Media Relating to Nuclear Exposure
The type of media with the highest utilization rate was any local media (69.8%), followed by
public broadcasting (NHK) (45.3%), and then public relations information from local government
(44.0%). There was no significant difference in the utilization of local, national, or public broadcasting
(NHK) between forced and voluntary evacuees. In contrast, the utilization rate of Internet media
and public relations information from local governments differed significantly between forced and
voluntary evacuees (Table 2). Moreover, the characteristics of the users of media relating to nuclear
exposure are shown in Supplementary Tables S1 and S2. The Internet media users in this study tended
to be of a younger generation and of a higher educational level than users of the other types of media.
Furthermore, the proportion of those who utilized any Internet media among voluntary evacuees was
higher in comparison to forced evacuees.
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Table 2. Utilization of media relating to nuclear exposure among evacuees (forced/voluntary).
Total

Forced
Evacuees

Voluntary
Evacuees

(n = 225)

(n = 156)

(n = 69)

n (%)

n (%)

n (%)

p-Value (χ2 )

Local media
Local newspapers

140 (62.2)

102 (65.4)

38

(55.1)

Local broadcasting

71

42

(26.9)

29

(42.0)

Any local media

157 (69.8)

112 (71.8)

45

(65.2)

National newspapers

29

(12.9)

23

(14.7)

6

(8.7)

National broadcasting

39

(17.3)

26

(16.7)

13

(18.8)

Any nationwide media

63

(28.0)

46

(29.5)

17

(24.6)

102 (45.3)

76

(48.7)

26

(37.7)

Internet news

33

(14.7)

16

(10.3)

17

(24.6)

Other information on Internet

21

(9.3)

8

(5.1)

13

(18.8)

Social networking sites (SNS)

12

(5.3)

5

(3.2)

7

(10.1)

Any Internet media

54

(24.0)

24

(15.4)

30

(43.5)

99

(44.0)

79

(50.6)

20

(29.0)

(31.6)

0.14
(χ2 = 2.16)
0.03
(χ2 = 5.05)
0.32
(χ2 = 9.81)

National media

Public broadcasting (NHK)

0.21
(χ2 = 1.56)
0.69
(χ2 = 0.16)
0.46
(χ2 = 0.56)
0.13
(χ2 = 2.35)

Internet media

Public relations from local government

0.01
(χ2 = 7.91)
<0.01
(χ2 = 10.6)
0.03
(χ2 = 4.56)
<0.01
(χ2 = 20.7)
<0.01
(χ2 = 9.11)

3.4. Specifics of Current Strong Anxiety
The proportion of respondents with current strong health anxiety due to radiation exposure at the
time of answering the questionnaire was 20.3% (43/223). Among evacuees who expressed current health
anxiety at the time of answering the questionnaire, most were concerned about the delayed effects
(92.9%), the genetic effects (92.9%), and the broadcasting about nuclear issues (95.3%). Only anxiety
about unhealthy status was of relatively low concern among evacuees (63.4%). The proportion of
evacuees with these concerns was significantly higher among those who expressed current strong
health anxiety compared to those who did not. There was no significant difference between forced and
voluntary evacuees (Table 3).
Table 3. Characteristics of current anxiety (forced/voluntary evacuees).

Anxiety about
delayed effects
Anxiety about
unhealthy status
Anxiety about
genetic effects
Anxiety from broadcasting
about a nuclear event

Total

Forced Evacuees

Voluntary Evacuees

Current Strong Anxiety about Health
due to Nuclear Disaster

Current Strong Anxiety about Health
due to Nuclear Disaster

Current Strong Anxiety about Health
due to Nuclear Disaster

(+)

(−)

(n = 43)

(n = 178)

n (%)

n (%)

39

(92.9)

81

(45.5)

26

(63.4)

34

(19.2)

39

(92.9)

84

(47.2)

41

(95.3)

129 (73.3)

p-Value
(χ2 )
<0.01
(χ2 = 30.7)
<0.01
(χ2 = 32.6)
<0.01
(χ2 = 28.7)
<0.01
(χ2 = 9.68)

(+)

(−)

(n = 29)

(n = 124)

n (%)

n (%)

25

(89.3)

54

(43.5)

17

(60.7)

26

(21.0)

26

(92.9)

57

(46.0)

27

(93.1)

85

(69.7)

102

p-Value
(χ2 )
<0.01
(χ2 = 19.1)
<0.01
(χ2 = 17.8)
<0.01
(χ2 = 20.3)
0.01
(χ2 =6.72)

(+)

(−)

(n = 14)

(n = 54)

n (%)

n (%)

14

(100.0)

27

(50.0)

9

(69.2)

8

(15.1)

13

(92.9)

27

(50.0)

14

(100.0)

44

(81.5)

p-Value
(χ2 )
<0.01
(χ2 = 11.6)
<0.01
(χ2 = 16.0)
<0.01
(χ2 = 8.43)
0.08
(χ2 =3.04)
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3.5. Association between Current Strong Health Anxiety and Utilization of Media Information
Among all evacuees, a significant negative association was observed between utilization of public
relations information from local government and current strong health anxiety at the time of answering
the questionnaire. Among the voluntary evacuees, there was a non-significant trend between utilization
of Internet media and current strong health anxiety (Table 4).
Table 4. Association between current strong anxiety and media utilization (forced/voluntary evacuees).
Total

Forced Evacuees

Voluntary Evacuees

Current Strong Anxiety about Health
due to Nuclear Disaster

Current Strong Anxiety about Health
due to Nuclear Disaster

Current Strong Anxiety about Health
due to Nuclear Disaster

(+)

(−)

(n = 43)

(n = 180)

n (%)

p-Value
(χ2 )

(+)

(−)

(n = 29)

(n = 126)

n (%)

Any local media

31

(72.1)

124 (68.9)

Any national media

14

(32.6)

49

(27.2)

Public broadcasting
(NHK)

15

(34.9)

85

(47.2)

Any Internet media

13

(30.2)

40

(22.2)

Public relations from
local government

12

(27.9)

87

(48.3)

n (%)
0.68
(χ2 = 0.17)
0.49
(χ2 = 0.49)
0.14
(χ2 = 2.13)
0.27
(χ2 = 1.23)
0.02
(χ2 = 5.87)

p-Value
(χ2 )

(+)

(−)

(n = 14)

(n = 54)

n (%)

22

(75.9)

89

(70.6)

11

(37.9)

35

(27.8)

11

(37.9)

64

(50.8)

4

(13.8)

20

(15.9)

9

(31.0)

70

(55.6)

n (%)
0.57
(χ2 = 0.32)
0.28
(χ2 = 1.16)
0.21
(χ2 = 1.56)
0.78
(χ2 = 0.08)
0.17
(χ2 = 5.67)

p-Value
(χ2 )

n (%)

9

(64.3)

35

(64.8)

3

(21.4)

14

(25.9)

4

(28.6)

21

(38.9)

9

(64.3)

20

(37.0)

3

(21.4)

17

(31.5)

0.97
(χ2 = 0.01)
0.73
(χ2 = 0.12)
0.48
(χ2 = 0.51)
0.07
(χ2 = 3.38)
0.46
(χ2 = 0.54)

In the multivariate logistic regression analysis, utilization of public relations information from
local government was significantly associated with lower current strong health anxiety at the time of
answering the questionnaire among all evacuees (odds ratio (OR): 0.76; 95% confidence interval (CI):
0.61–0.94) and among forced evacuees (OR: 0.72; 95% CI: 0.56–0.93). However, public broadcasting
(NHK) showed a non-significant relation between utilization and lower current health anxiety (OR:
0.85; 95% CI: 0.69–1.04). Moreover, there was a non-significant trend between utilization of Internet
media and current strong health anxiety (OR: 1.56; 95% CI: 0.99–2.43) (Table 5).
Table 5. Multivariate logistic regression analysis with utilized media and current strong anxiety
(forced/voluntary evacuees).
Model 1

Model 2

Total Current Strong
Anxiety (+/−)

Forced Evacuees Current
Strong Anxiety (+/−)

(n = 219)
OR (95% CI)

Voluntary Evacuees Current
Strong Anxiety (+/−)

(n = 152)

p-Value

OR (95% CI)

(n = 67)

p-Value

OR (95% CI)

p-Value

Any local media

Yes
No (Ref.)

1.11
1.00

(0.90–1.36)

0.35

1.11
1.00

(0.86–1.44)

0.42

1.07
1.00

(0.72–1.57)

0.75

Any national media

Yes
No (Ref.)

1.01
1.00

(0.82–1.25)

0.90

1.04
1.00

(0.81–1.34)

0.74

0.89
1.00

(0.57–1.38)

0.60

Public broadcasting
(NHK)

Yes
No (Ref.)

0.85
1.00

(0.69–1.04)

0.11

0.83
1.00

(0.65–1.05)

0.12

0.88
1.00

(0.59–1.31)

0.53

Any Internet media

Yes
No (Ref.)

1.11
1.00

(0.88–1.43)

0.36

0.96
1.00

(0.68–1.35)

0.81

1.56
1.00

(0.99–2.43)

0.05

Public relations from
local government

Yes
No (Ref.)

0.76
1.00

(0.61–0.94)

0.01

0.72
1.00

(0.56–0.93)

0.01

0.89
1.00

(0.59–1.34)

0.57

Model 1: Adjusted for gender, age, education, and evacuation type. Model 2: Adjusted for gender, age, and
education OR, odds ratio; CI, confidence interval.

4. Discussion
The present study aimed to clarify the association between media utilization (e.g., Internet media,
public relations information from local government, and other traditional media) and current strong
health anxiety at the time of answering the questionnaire in the context of the Fukushima nuclear
disaster. As per the results, the present study found a significant association between the use of public
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relations information from local government and lower current health anxiety at the time of answering
the questionnaire.
4.1. Utilization of Media Information
In a previous study that assessed media consumption after the Fukushima Daiichi nuclear
disaster, over 95% of participants answered that they used television news as a common media source,
whereas Internet news and personal Internet websites were used by less than 50% (39% and 14%,
respectively) [12]. Although a simple comparison with our results is not possible due to differences
in the survey items and methods, those findings are largely consistent with our present findings.
On the other hand, the rate of use of any Internet media among voluntary evacuees was significantly
higher than that among forced evacuees. In fact, the rate of Internet media usage was the highest
among the media sources in the voluntary evacuees, while it was the lowest in the forced evacuees.
When considering age, the Internet media utilization rate in the voluntary evacuees was 81.3% (13/16
respondents) among those aged 20–39 years (forced: 43.8%; χ2 test, p = 0.03), 47.1% (16/34 respondents)
among those aged 40–64 years (forced: 21.1%; χ2 test, p = 0.01), and 5.3% (1/19 respondents) among
those aged ≥65 years (forced: 1.6%; χ2 test, p = 0.36) (Table 1 and Supplementary Tables S1 and S2).
This suggests that younger generations use Internet media to the greatest extent among age groups,
particularly among voluntary evacuees.
The utilization rate of public relations information from local government among forced evacuees
was higher than that of voluntary evacuees. Compared by age group, the utilization rate among
forced evacuees aged 40–64 years was significantly higher than that of the corresponding age group
of voluntary evacuees (forced: 53.9%; voluntary: 17.6%; χ2 test, p < 0.01), whereas the rates in those
aged ≥65 years were similar between forced and voluntary evacuees (forced: 57.8%; voluntary: 52.6%;
χ2 test, p = 0.69) (Table 1 and Supplementary Tables S1 and S2). This result might be explained by
differences in the age group composition of forced and voluntary evacuees.
4.2. Specific Aspects of Current Strong Health Anxiety
The proportion of respondents with current strong health anxiety due to radiation exposure at the
time of answering the questionnaire was 20.3%. Among evacuees who experienced current strong
health anxiety at the time of answering the questionnaire, more than 90% were concerned about the
delayed effects, the genetic effects, and broadcasting about nuclear issues. In previous studies, specific
anxiety was associated with the effects of radiation on the development of thyroid cancer [13,14], on the
workplace environment [15], on expectant mothers and children [16], on the estimated occurrence of
acute radiation syndrome (an acute illness caused by irradiation of the entire body by a high dose of
radiation in a short period of time) [17], and on the reluctance to eat foods grown in the evacuation
area [18]. Moreover, among the Fukushima nuclear disaster evacuees, concerns about radiation risks
were associated with psychological distress [19]. Although risk perception or anxiety regarding the
delayed and genetic effects due to radiation exposure decreased from 2012 to 2015 (delayed effects:
48.1% in 2012 to 42.8% in 2015; genetic effects: 60.2% in 2012 to 37.6% in 2015) [18,19], these rates of
risk perception and anxiety were still over 30% among all evacuees, even four years after the disaster.
Therefore, despite the gradual decrease in the risk perception of radiation exposure, anxiety regarding
the delayed and genetic effects due to exposure was associated with current strong health anxiety.
During the nuclear emergency in Fukushima, the traditional media were found to provide
a broad context, including frequent comparisons with previous nuclear accidents; however,
the experts’ technical vocabulary concerning radiation appeared incompletely translated for public
understanding [20]. Therefore, our findings may show that, among evacuees who experienced current
strong health anxiety at the time of answering the questionnaire, more than 90% had concerns about
broadcasting regarding nuclear issues.
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4.3. Association between Current Strong Health Anxiety and Utilization of Media Information: Considerations
for Effective Disaster Communication
Among the responders, the proportion with current strong health anxiety due to radiation
exposure at the time of answering the questionnaire was 20.3%. Current strong health anxiety at
the time of answering the questionnaire was significantly lower among those who utilized public
relations information from local government. The Public Relations Society of America (PRSA) stated
that “Public relations is a strategic communication process that builds mutually beneficial relationships
between organizations and their publics. It is thought that not providing information unilaterally but
providing information promoting mutual-communication or useful information about lots of variety
of consultation will lead to mutually beneficial relationships” [21]. In a previous report related to
the Fukushima Daiichi Nuclear Power Plant accident, a unified approach was found no longer to
be sufficient to address personal problems and anxiety as diverse information became available and
people’s perceptions developed. This led to the need for one-to-one or small-group communication [22].
Another study reported that attending radiation information seminars or programs helped to reduce
anxiety and psychological distress in a post-Fukushima disaster setting [12,23]. The public relations
information from local government in evacuation areas included several articles regarding the health
effects of radiation exposure, as well as the maximum annual exposure dose. Other posted articles
included records of decontamination processing, discussion records of the health risk communication
promotion committee in evacuation areas, and articles providing information such as general health
consultations and dialogue among evacuees and experts, as well as information including education
regarding stress reactions and coping [24]. Therefore, utilizing public relations information from
local government may be associated with lower current health anxiety at the time of answering
the questionnaire.
Users of Internet media tended to feel anxiety toward perceived radiation health risks, but not to a
significant degree. Several studies have examined the correlation between risk perception and anxiety
and media/information after the Fukushima nuclear accident. Murakami et al. revealed that dread risk
perception was greater among people who trusted direct information from online researchers or others
than those who did not, but was lower among people who trusted central governmental information
than among those who did not [25]. Sugimoto et al. surveyed 1560 residents of Soma City in July 2011
and found that health anxiety was high among those who relied on word-of-mouth or rumors as a
means to obtain information [12]. Baseless rumors and conspiracy theories spread very quickly on the
Internet, which may also explain the high levels of anxiety among those who mainly used the Internet
as their information source. Any Internet media usage in this study did not include solely Internet
news, but also the use of personal websites such as social networking sites (SNS), and information from
these sources likely include word-of-mouth or rumors. This suggests a potential association between
evacuees with strong anxiety and the use of any type of Internet media.
4.4. Limitations and Strengths
This study has several limitations. First, due to its cross-sectional design, causality could not be
established. Second, our primary outcome, i.e., current anxiety regarding perceived radiation health
risks, was a subjective response This could certainly be the case with actual and perceived health risks,
leading to important differences in anxiety levels, without validated measures and reliability statistics
such as a test–retest correlation, which is a critical limitation. Therefore, it would hardly be applicable
to different settings without reliability. Further studies are needed to confirm the validity and reliability
regarding current anxiety regarding perceived radiation health risks. Additionally, our definition of
“current strong health anxiety” may be included as a bias. Those who responded to “Somewhat” (47.1%
in both the forced and the voluntary evacuees, see Supplementary Table S3) as current health anxiety
at the time of answering the questionnaire due to radiation exposure were categorized as the “no or
weak health anxiety” group, although this could be in either group. However, this categorization
was comparable to that of the Fukushima Health Management Survey report [26], which focused
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on high and extreme anxiety of health effects due to radiation exposure. The third limitation relates
to sampling from non-evacuation areas. We could not grasp detailed enough information about
the number of voluntary evacuations in advance. As a result, many residents had not experienced
evacuation voluntary, and thus more than 600 respondents were later excluded from the analysis.
Fourth, because respondents tended to be relatively older, our study population included fewer Internet
users, in particular SNS users. Finally, depending on the three types of evacuation areas according
to the spatial radiation dose rates, there may have been different perceived health risks, leading to
important differences in anxiety levels. However, due to anonymous sampling, it was impossible to
obtain the detailed information on whether subjects were living in one of the three types of evacuation
areas. This is because the first-stage sampling was selected by municipality, not by each of the three
area types.
Despite these limitations, we were able to show a positive association between the utilization of
public relations information from local government and lower health anxiety due to radiation exposure,
even after adjusting for age, gender, education, and evacuation type. Although we examined the
association between utilization of media and current health anxiety after the 2011 nuclear disaster,
further studies in other settings, such as that of the novel coronavirus pandemic, are needed.
5. Conclusions
The 2011 nuclear disaster in Fukushima was not only a health disaster, but also an information
disaster. Our findings highlight the importance of public relations information from local government in
terms of it being associated with lower current health anxiety at the time of answering the questionnaire
related to disaster situations, and this could potentially aid in preparing for future disasters.
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Table S1: Characteristics of media users relating to nuclear exposure (forced evacuees). Table S2: Characteristics of
media users relating to nuclear exposure (voluntary evacuees). Table S3: Prevalence of current health anxiety due
to radiation exposure.
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Abstract: Although much of the health emergency and disaster risk management (Health-EDRM)
literature evaluates methods to protect health assets and mitigate health risks from disasters, there is
a lack of research into those who have taken high-risk behaviour during extreme events. The study’s
main objective is to examine the association between engaging in high-risk behaviour and factors
including sociodemographic characteristics, disaster risk perception and household preparedness
during a super typhoon. A computerized randomized digit dialling cross-sectional household survey
was conducted in Hong Kong, an urban metropolis, two weeks after the landing of Typhoon Mangkhut.
Telephone interviews were conducted in Cantonese with adult residents. The response rate was 23.8%
and the sample was representative of the Hong Kong population. Multivariable logistic regressions
of 521 respondents adjusted with age and gender found education, income, risk perception and
disaster preparedness were insignificantly associated with risk-taking behaviour during typhoons.
This suggests that other factors may be involved in driving this behaviour, such as a general tendency
to underestimate risk or sensation seeking. Further Health-EDRM research into risk-taking and
sensation seeking behaviour during extreme events is needed to identify policy measures.
Keywords: typhoon; hurricane; cyclone; strong wind levels; natural disaster; Health-EDRM; urban;
risk-taking behaviour; sensation seeking

1. Introduction
Asia is particularly at risk of tropical cyclones, also known as typhoons in the western Pacific,
with around half of worldwide tropical cyclones recorded and more than 90% of cyclone-related deaths
being from this region [1]. Typhoon Mangkhut, the fourth supertyphoon in the 2018 Pacific typhoon
season, started east of Guam in September 2018 and caused devastating damage to the Philippines [2]
and South China [3]. In Hong Kong, tropical cyclone warning signal No. 10 (the highest signal for
Hong Kong) was hoisted for 10 h, with the highest wind speed exceeding 150 km/h, just lower than
the respective records held by Typhoon York in 1999 and Typhoon Ellen in 1983 [4]. Although there
were no deaths reported directly due to the typhoon, more than 60,000 trees had reportedly fallen and
around 13,500 households experienced a power outage for more than 24 h in Hong Kong [5]. Record
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breaking storm surges coupled with high waves caused flooding in various coastal areas, despite not
being at high tide, with hundreds of stranded or damaged vessels. These occurrences highlighted the
increasing environmental hazards and potential health risks faced by coastal communities around the
world as typhoons become more frequent and severe through climate change [6].
Health emergency and disaster risk management (Health-EDRM) is a field which involves
the systematic analysis and management of health risks surrounding emergencies and disasters.
By reducing risk and vulnerabilities and improving preparedness, response and recovery measures,
the impact of disasters can be minimised [7]. Health-EDRM focuses on increasing the resilience of
individuals, households and communities through education interventions, promotion of disaster
risk reduction and supporting mechanisms in place to mitigate impacts of disasters [8]. These can
include accessible disaster warning and information, protection of key health services and securing the
basic needs of the population. By understanding the causes and factors in play regarding disaster risk,
Health-EDRM provides evidence to drive future interventions and policy decisions.
A previous study on urban disaster preparedness in Hong Kong discovered that only 20.6% of
respondents chose the correct action to take while major disaster warnings were in force (such as
staying in a safe place until heavy rain has passed) [9]. However, few studies investigate individuals
intentionally performing risk-taking behaviour during natural disasters. Research on ‘storm chasers’
(those who intercept severe convective storms for sport or for scientific research) [10] in the United
States has examined individual perception of recreational storm chasing to dispel its myths [11],
operational methods of storm chasing tour groups [12] and sensation seeking traits associated with
tour participants [13]. There is a lack of research into such behaviour outside of the United States,
especially in urban areas directly impacted by meteorological disasters. Various studies by Zuckerman
on sensation seeking have identified its dimensions [14] and relationships to different aspects through
the sensation seeking scale (SSS) [15]. A meta-analysis into sex differences in sensation seeking showed
that men scored higher than women using Zuckerman’s SSS-V and could be explained by evolutionary
psychology and through a cultural socialisation perspective [16]. Furthermore, a review of behavioural
and biological correlates of sensation seeking also found males significantly outscored females on
total sensation seeking in different western countries and sensation seeking typically decreases with
increasing age after adolescence [17]. Education and occupation were less associated with sensation
seeking, particularly for females. The review also highlighted high sensation seekers perceived risks in
the environment as less threatening compared to low sensation seekers and did not perceive engaging
in high-risk behaviours would lead to negative consequences.
This article is an extension of the cross-sectional study investigating risk perception, household
preparedness, and self-reported short-term impacts of typhoons after Typhoon Mangkhut [18].
Our previous published paper highlighted 16.0% of respondents reportedly left their homes when the
warning signal was T8 or above, when the typhoon was at the height of strength. This behaviour will
henceforth be referred to as risk-taking behaviour during typhoons (RBDT). Out of those respondents,
a majority (74.7%) performed RBDT for non-essential reasons. The previous article also found that men
and younger respondents were more likely to execute non-essential RBDT. Using the same dataset,
the objectives of the current study are to expand on these findings and investigate other factors that
may be related to RBDT, namely (1) to identify the sociodemographic characteristics of those who left
their homes when the storm was at its height of strength (i.e., the warning signal was T8 or above);
and (2) to explore the associations between sociodemographic factors other than age and gender, risk
perception, household preparedness, and RBDT for non-essential purposes. The study findings will
offer further insight into risk-taking behaviour during natural disasters to guide future interventions
and policy on preventing such unnecessary high-risk behaviour.
2. Materials and Methods
A computerized digit dialling population-based household telephone survey was conducted from
17 September 2018 to 2 October 2018, right after the date of Typhoon Mangkhut landing in Hong Kong.
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Random digit dialling and the last birthday method [19] (interviewer would seek the household
member whose birthday was the closest to the interview date) were used to ensure randomization
in the study. Hong Kong residents who understood Cantonese and were 18 years old or older were
interviewed. In total, 2500 landline numbers were called, and 521 respondents were successfully
recruited (Figure 1). The response rate was 23.8% (response rate: 521 (final sample size) /2188 (eligible
persons)). Please refer to the previous published study for study design [18].

Figure 1. The recruitment details in the telephone survey.

This study investigates the associations between non-essential RBDT and the sociodemographic
factors of education and income; indicators of risk perception including perception of Hong Kong being
susceptible to disasters, perception of the impact of Typhoon Mangkhut compared to expectations and
concern for the safety of oneself and family members; indicators of household preparedness including
food and water reserves prepared routinely or specifically for Typhoon Mangkhut.
This paper considers the act of going outside during the strongest typhoon winds as risk-taking
(RBDT) or high-risk behaviour, regardless of the reasoning. Those who go outside for work or
emergency related purposes would be considered as engaging in socially acceptable or understandable
risk-taking behaviour. This article focuses on active risk-taking behaviour, where individuals remove
themselves from areas of safety to head into areas posing health risks, and does not investigate passive
risk-taking behaviour, such as failure to act, evacuate or engage in other safety-seeking behaviour.
This is because there are potentially different motivating factors, rationale and mechanisms involved in
these two types of behaviour and research has found that passive risks are associated with a lower
risk perception than equivalent active risks [20]. Previous literature has investigated passive risks
associated with disasters and relevant methods to protect passive risk, but there is a lack of research
into active risk-taking behaviour.
To clarify, the respondents were asked whether they left their homes to go outside during
Typhoon Mangkhut while the typhoon warning signal T8 or above was in force. Those who left their
home to address any perceived urgent and unexpected situations that required immediate action to
prevent further deterioration, such as “due to injury or disease”, were classified as having ‘emergency’
reasons. Those who did not have to manage such pressing issues or work-related duties but left their
home for other reasons, such as “eating a meal or watching a movie”, were categorized as having
‘non-emergency’ reasons. This paper will hence refer to RBDT due to ‘non-emergency’, also referred to
as non-emergency and non-occupational reasons in our previous published paper, as non-essential
reasons. Verbal informed consent was obtained at the beginning of the interview. The ethical approval
of this study was obtained from the Survey Behavioural Research Committee at the Chinese University
of Hong Kong (SBRE-18-075).
Descriptive chi-square (or X2 ) tests were used to compare the study population and the respondents
who reported going outdoors during Typhoon Mangkhut. We conducted univariate analyses to identify
associations between sociodemographic characteristics, risk perception, disaster preparedness factors
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and the risk-taking behaviour. Multivariable logistic regression was performed to identify factors
related to going outdoors during strong typhoon winds for ‘non-emergency’ reasons, using variables
with at least marginal statistical association in the univariate analysis (p < 0.10). Age and gender were
covariates for the multivariable model base. All odds ratios (OR) present in this paper were adjusted
odds ratios from the multivariable models. Statistical analyses were performed using IBM SPSS 24
(International Business Machines Corporation, Armonk, NY, USA) [21] and statistical significance was
set at α = 0.05 two-sided.
3. Results
Data were collected from 17 September 2018 to 2 October 2018. The final sample size constituted
521 valid respondents (the response rate was 23.8% among eligible people called). The study
population were comparable with the Hong Kong 2016 census data, except the study population were
proportionally more middle age (age 45–64), more at the post-secondary education level and had
higher income. Please refer to the previous paper [18] for further information and detailed analyses.
3.1. Description of the Study Population
For the descriptive comparison (Table 1), it was found that men were more likely to engage in
non-essential RBDT (p = 0.006). There were no significant associations between RBDT and marital status,
income, and respondents with chronic disease. Of the respondents with occupations which require
emergency work while typhoon No. 8 or higher was in force, 72.2% reported staying home during
Typhoon Mangkhut when the typhoon was at the height of strength. In addition, respondents who had
occupations relating to “Sales and services” and “Elementary occupation” were more likely to leave
their homes for emergency or work reasons. Respondents who participated in RBDT for emergency or
work reasons were found to be more likely to obtain their weather-related information during this
typhoon through television and newspapers and less likely through websites and mobile apps.
Table 1. Descriptive table of the study population.
Characteristics

Gender
Age

Education attainment
Marital status
Income

Occupation

Chronic disease
Routinely work during typhoon
signal no.8
Occupation involving mainly
outdoor work
Channel of obtaining weather
information
Disaster preparation immediately
prior to the typhoon

Male
Female
18–24
25–44
45–64
≥65
Primary or below
Secondary
Post-secondary
Single
Married
<2000–9999
10,000–19,999
20,000–39,999
≥40,000
Manager/Professional/Clerk
Sales & Services
Craft related/ Machinery
labour
Elementary occupation
Housewives/Students
Unemployed/Retired
Yes
No
Yes
No
Yes
No
Television
Radio
Website/Smartphone
platform
Newspaper or others
No
Yes

Go Outdoor for
Emergency/Work
Reasons (n = 21)

Go Outdoor for
Non-Essential Reasons
(n = 62)

Did Not Go Outdoor (n
= 438)

9 (42.9%)
12 (57.1%)
2 (9.5%)
9 (42.9%)
9 (42.9%)
1 (4.8%)
2 (10.0%)
7 (35.0%)
11 (55.0%)
8 (38.1%)
13 (61.9%)
0 (0.0%)
2 (10.5%)
6 (31.6%)
11 (57.9%)
9 (45.0%)
5 (25.0%)

38 (61.3%)
24 (38.7%)
14 (22.6%)
18 (29.0%)
24 (38.7%)
6 (9.7%)
5 (8.1%)
18 (29.0%)
39 (62.9%)
28 (45.2%)
34 (54.8%)
5 (8.9%)
5 (8.9%)
21 (37.5%)
25 (44.6%)
24 (41.4%)
2 (3.4%)

174 (39.7%)
264 (60.3%)
47 (10.7%)
127 (29.0%)
191 (43.6%)
73 (16.7%)
49 (11.3%)
170 (39.2%)
215 (49.5%)
176 (40.2%)
262 (59.8%)
40 (9.9%)
66 (16.3%)
133 (32.9%)
165 (40.8%)
151 (35.4%)
35 (8.2%)

0 (0.0%)

5 (8.6%)

20 (4.7%)

3 (15.0%)
1 (5.0%)
2 (10.0%)
4 (19.0%)
17 (81.0%)
15 (83.3%)
3 (16.7%)
3 (17.6%)
14 (82.4%)
12 (57.1%)
0 (0.0%)

3 (5.2%)
14 (24.1%)
10 (17.2%)
10 (16.7%)
50 (83.3%)
4 (9.3%)
39 (90.7%)
10 (23.3%)
33 (76.7%)
26 (41.9%)
6 (9.7%)

23 (5.4%)
115 (26.9%)
83 (19.4%)
77 (17.7%)
357 (82.3%)
35 (13.4%)
227 (86.6%)
43 (16.8%)
213 (83.2%)
236 (53.9%)
24 (5.5%)

6 (28.6%)

28 (45.2%)

168 (38.4%)

3 (14.3%)
0 (0.0%)
21 (100.0%)

2 (3.2%)
4 (6.5%)
58 (93.5%)

10 (2.3%)
28 (6.4%)
410 (93.6%)
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p-Value

0.006

0.078

0.407
0.734

0.462

0.033

0.965
<0.001
0.591

0.015

0.489
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3.2. Factors Associated with Non-Essential RBDT
In the multivariable logistic regressions (Table 2), the relationship between various
sociodemographic details, the subject’s perception and preparedness for the typhoon and non-essential
RBDT was examined. As reported in the previous article, being male and younger were found to
have higher odds in performing non-essential RBDT than those that did not go outside. All factors
investigated in this article such as education, disaster risk perception or household preparedness were
not found to have a statistically significant association with non-essential RBDT after adjusting for age
and gender. Food and water reserves (both routine and specifically prepared for Typhoon Mangkhut)
were also not found to be related.
Table 2. Chi-square comparison and multivariable logistic regressions of the associating factors towards
non-essential RBDT.
χ2 Test

Factors
Gender a
Age a

Education attainment b

Income b
Perceived Hong Kong to be susceptible
to disasters b
Perceived impact of Typhoon Mangkhut
compared to expectations b

Concerned for the safety of oneself and
family members b
Practiced disaster preparedness
immediately prior to the typhoon b
Preparedness: routine food reserves b
Preparedness: routine potable
water reserves b
Preparedness: food reserves specifically
for Typhoon Mangkhut b
Preparedness: potable water reserves
specifically for Typhoon Mangkhut b
a

Male
Female
18–24
25–44
45–64
≥65
Primary or
below
Secondary
Post-secondary
<2000–9999
10,000–19,999
20,000–39,999
≥40,000
No
Yes
Less than
expected
Same as
expected
Larger than
expected
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

Stayed Indoor

Non-essential RBDT

174 (39.7%)
264 (60.3%)
47 (10.7%)
127 (29.0%)
191 (43.6%)
73 (16.7%)

38 (61.3%)
24 (38.7%)
14 (22.6%)
18 (29.0%)
24 (38.7%)
6 (9.7%)

49 (11.3%)

5 (8.1%)

170 (39.2%)
215 (49.5%)
40 (9.9%)
66 (16.3%)
133 (32.9%)
165 (40.98
35 (8.0%)
402 (92.0%)

18 (29.0%)
39 (62.9%)
5 (8.9%)
5 (8.9%)
21 (37.5%)
25 (44.6%)
4 (6.5%)
58 (93.5%)

118 (27.1%)

16 (25.8%)

235 (54.0%)

33 (53.2%)

82 (18.9%)

13 (21.0%)

159 (36.3%)
279 (63.7%)
28 (6.4%)
410 (93.6%)
81 (18.5%)
357 (81.5%)
223 (50.9%)
215 (49.1%)
137 (31.3%)
301 (68.7%)
272 (62.1%)
166 (37.9%)

17 (27.4%)
45 (72.6%)
4 (6.5%)
58 (93.5%)
7 (11.3%)
55 (88.7%)
32 (51.6%)
30 (48.4%)
25 (40.3%)
37 (59.7%)
39 (62.9%)
23 (37.1%)

Logistic Regression
p-Value
0.001
0.041

0.144

0.517

0.669
0.919

0.171
0.986
0.163
0.918
0.154
0.903

OR (95% CI)
Ref.
0.435 (0.248–0.761)
Ref.
0.573 (0.260–1.263)
0.527 (0.248–1.118)
0.297 (0.106–0.833)

p-Value
0.004
0.167
0.095
0.021

Ref.
0.799 (0.269–2.374)
1.110 (0.363–3.392)
Ref.
0.465 (0.120–1.796)
0.897 (0.28–2.784)
0.821 (0.264–2.555)
Ref.
1.474 (0.494–4.398)

0.687
0.854
0.267
0.851
0.733
0.486

Ref.
0.919 (0.477–1.773)

0.802

1.032 (0.462–2.303)

0.940

Ref.
1.585 (0.860–2.922)
Ref.
1.077 (0.355–3.264)
Ref.
1.663 (0.717–3.857)
Ref.
0.842 (0.484–1.463)
Ref.
0.666 (0.378–1.174)
Ref.
0.894 (0.506–1.581)

0.140
0.896
0.236
0.541
0.160
0.700

is the multivariable regression of age and gender; b is the logistic regression adjusted with age and gender.

4. Discussion
The current study is an extension of the previous published paper [18], which investigated
risk perception, household preparedness, and self-reported short-term impacts of typhoons after
Typhoon Mangkhut. This study aims to identify the sociodemographic characteristics of those who
performed RBDT and investigate correlations between other sociodemographic characteristics apart
from age and gender, risk perception and preparedness, and non-essential RBDT. There were no
significant associations between RBDT and marital status, income, and respondents with chronic
disease. Respondents who participated in RBDT for emergency or work reasons were more likely
to watch television and read newspapers to obtain their weather-related information and less likely
through websites and mobile apps. Education, income, risk perception and preparedness were found
to be insignificantly associated with non-essential RBDT.
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4.1. Comparison between Household Preparedness and Risk-Taking Behaviour
Household preparedness and risk-taking behaviour may be negatively associated, as household
preparedness represents active protective behaviour, while non-essential RBDT involves potentially
injurious active behaviour. Although this study did not find any significant negative association
between higher educational level, higher risk perception and routine emergency preparedness with
non-essential RBDT, the previous published paper [18] found a positive association of these factors
with individuals who engaged in household preparedness. The results suggest these two behaviours
may have different perceived levels of risk and/or involve separate rationale, such as respondents
not considering non-essential RBDT as high-risk activity but performing household preparedness to
ensure adequate supplies for family members. However, there is a lack of data in this study on the
magnitude and severity of risk perceived from the typhoon to support this hypothesis. In addition,
this study could not indirectly gauge the relative amount of risk respondents were willing to take for
RBDT, which could be independent from perception of general risks of the typhoon and disasters.
4.2. Difference between Typhoon Risk Perception and Risk Perception of Non-Essential RBDT
Although there was no association between perceived impact of Typhoon Mangkhut compared
to expectations and non-essential RBDT, 80.9% of all respondents thought the impact of the typhoon
was similar or less than expected. This may suggest that fewer people underestimate the risks of
typhoons, even after the recent typhoon influence, given that Typhoon Mangkhut was objectively
one of the strongest typhoons in Hong Kong to date. The literature on sensation seeking involving
demographics [17] has also shown that high sensation seekers have lower risk perception of activities
they have not engaged in before and are less likely to perceive the negative consequences of risk-taking
behaviour. Therefore, there may be a difference between the perceived risk of typhoons or the resulting
impacts and non-essential RBDT which is an active behaviour. High sensation seekers may identify
typhoons as events that cause harm but do not perceive the negative consequences of non-essential
RBDT. As there is a lack of data directly investigating the reasons people performed non-essential
RBDT, this study explores other inferred and documented possible rationale.
4.3. Other Reasons for Non-Essential RBDT
This study found food and potable water reserves, whether prepared regularly or specifically
for this typhoon, were not associated with respondents going outside for non-essential reasons at the
height of the storm. In addition to being markers of household preparedness, the reserves and the lack
thereof may indicate situations of non-essential character, which could motivate individuals to leave
their homes under the rationale of necessity. The results suggest that seeking these two necessities
were not primary reasons for non-essential RBDT.
News outlets have documented a case of an elderly man in Hong Kong stranded at sea and
requiring rescue after swimming during Typhoon Haima while the typhoon signal No. 8 was in
force [22], highlighting an instance of RBDT which would have caused significant harm if rescue
operations did not take place. As the man’s motives were not interviewed and reported, the behaviour
could have been due to an underestimation of the risk involved or due to sensation seeking. Despite
warnings from the Hong Kong government [23] and Hong Kong Observatory [24] before and during
Typhoon Mangkhut, people were reported participating in sensation seeking behaviour, such as
‘experiencing the wind’ and engaging in disaster photography [25,26]. High-risk behaviour during
extreme weather has also been documented in the news, with 300 firefighters mobilised to rescue
scores of ‘frost chasers’ and other hikers from Hong Kong’s highest peak during the city’s coldest
day in six decades [27]. Although the news reports did not interview the individuals and verify their
desire to seek novel and intense experiences, it is clear that the risk-taking behaviours reported were
performed directly to experience aspects of the disasters.
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4.4. Ethical Concerns in Rescue Operations
There is also an ethical argument on the duty of firefighters who bear personal risk and danger
to help those engaging in sensation seeking behaviour. A fireman in Hong Kong died in 2017 after
sustaining a cliff fall while rescuing a pair of hikers [28], highlighting the risk and peril involved even in
normal conditions. While rescuers have a duty to respond to emergencies, in cases involving sensation
seeking behaviour, this creates a moral issue posing unnecessary risks to the rescuers in such extreme
weather events. Rescue operations may also hinder other emergency responses and invoke issues of
justice and equitable resource allocation. In total, 160 firemen were involved in a 24 h operation to
rescue a pair of hikers who were stuck on a hiking trail during Tropical Storm Pakhar, which struck
Hong Kong only days after Typhoon Hato. The entire operation included a total of ten ambulances
and thirty-one fire engines, with an estimated total cost of more than 344,000 HKD in staffing costs
alone [29].
4.5. What Is the Gap Found in This Study?
One of the major gaps found in this study is that education, disaster risk perception and disaster
preparedness were not found to be associated with whether respondents engaged in unexplained
risky behaviour. Common understanding would suggest that those with better understanding of
the risks presented and especially those concerned about the safety of themselves and their family
members during the typhoon would practice less risk-taking or sensation seeking. This suggests that
knowledge-based interventions may not be as effective in deterring individuals from engaging in
non-essential RBDT.
4.6. Recommendations
As younger aged males were found to be more likely to engage in non-essential RBDT,
health promotion targeting this group may be more effective, possibly through official government
websites/apps or well-placed advertisements in social media platforms. Legislation limiting accessibility
to areas of higher risk during typhoons, such as waterfronts and beaches, may also have a beneficial
effect on warding off risk-taking behaviour. Numerous provinces and cities in the Philippines
have imposed liquor bans during typhoons to prevent inebriated individuals from hindering relief
operations [30–32], but the effectiveness of such legislation have not been investigated. Furthermore,
legal restrictions of outdoor movement in the interests of public health may be more socially acceptable
due to the experiences of social distancing amid COVID-19.
As some respondents were found to engage in RBDT for work purposes, the updated “Code of
Practice in Times of Typhoons and Rainstorms”, published by the Hong Kong Labour Department [33],
is a crucial document in mitigating health risks to essential workers. Although the guidelines are not
compulsory by law, employers and employees must discuss and clearly outline methods to protect the
health of those working during extreme conditions. Interventions targeting this group may be more
effective if broadcasted through television or newspapers. Thus, a multi-stakeholder approach should
be adopted to promote work-related safety and reduce RBDT. This also has a global implication on
preventable injury risk reduction, with international planning and discussions necessary in the near
future before stronger natural disaster occur driven by climate change.
4.7. Limitations
The main limitation of the analysis is that the results do not demonstrate a causative effect since
this study used descriptive analysis and logistic regression as a cross-sectional study. There may also
be reporting bias as respondents may present with higher social desirability response bias due to
telephone interviews [34]. In addition, analyses involving risk perception asked two weeks after may
not correlate directly with risky actions performed during the disaster. This study is also unable to
distinguish whether those who executed non-essential RBDT carried out high-risk behaviour due to
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perception of low-risk or for sensation seeking purposes. There may also be other reasons forcing
individuals to remain outdoors during the typhoon, such as street sleepers unable to reach temporary
shelters, unaccounted for due to the study design. Recruiting participants using the last birthday
method also limits analysis on household preparedness as the recruited participant may not be the
decision-maker for household preparedness [35], and thus, unfamiliar with the measures taken.
4.8. Future Research Directions
Future studies can directly investigate the reasons or rationale behind RBDT and explore the extent
of such behaviour in detail. The sensation seeking trait and relevant factors could also be examined to
determine its association and relevance to RBDT by using a modified version of the sensation seeking
scale. Research into interpersonal perspectives through injunctive safety norms [36] and motivating
factors for adaptation behaviour, such as descriptive norms [37], may also offer further insight into
risk-taking behaviour during disasters. Future studies regarding disaster risk perception may also
consider quantifying risk perception using balanced rating scales, as the degree of risk perceived is
likely important when analysing risk-taking behaviour.
5. Conclusions
While age and gender were associated with risk-taking behaviour during natural disasters, other
sociodemographic characteristics (such as education) and measures of disaster risk perception or
disaster preparedness were not found to be correlated with non-essential RBDT. Despite the lack of
literature investigating this phenomenon, media outlets in Hong Kong have reported several cases of
sensation seeking behaviour during typhoons. Future studies are necessary to investigate the scope of
risk-taking behaviour during disasters and the reasons driving this behaviour. Although there have
been limited reports of injuries caused by risk-taking behaviour, relevant policy makers should begin
to discuss and implement solutions to prevent any accidents and reduce potential extra burden on the
emergency response system.
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Abstract: Data-driven models have been extensively employed in landslide displacement prediction.
However, predictive uncertainty, which consists of input uncertainty, parameter uncertainty,
and model uncertainty, is usually disregarded in deterministic data-driven modeling, and point
estimates are separately presented. In this study, a probability-scheme combination ensemble
prediction that employs quantile regression neural networks and kernel density estimation
(QRNNs-KDE) is proposed for robust and accurate prediction and uncertainty quantification of
landslide displacement. In the ensemble model, QRNNs serve as base learning algorithms to generate
multiple base learners. Final ensemble prediction is obtained by integration of all base learners
through a probability combination scheme based on KDE. The Fanjiaping landslide in the Three
Gorges Reservoir area (TGRA) was selected as a case study to explore the performance of the ensemble
prediction. Based on long-term (2006–2018) and near real-time monitoring data, a comprehensive
analysis of the deformation characteristics was conducted for fully understanding the triggering factors.
The experimental results indicate that the QRNNs-KDE approach can perform predictions with
perfect performance and outperform the traditional backpropagation (BP), radial basis function (RBF),
extreme learning machine (ELM), support vector machine (SVM) methods, bootstrap-extreme learning
machine-artificial neural network (bootstrap-ELM-ANN), and Copula-kernel-based support vector
machine quantile regression (Copula-KSVMQR). The proposed QRNNs-KDE approach has significant
potential in medium-term to long-term horizon forecasting and quantification of uncertainty.
Keywords: landslide displacement; predictive uncertainty; ensemble prediction; probability
combination scheme; quantile regression neural networks (QRNNs); kernel density estimation (KDE)

1. Introduction
As one of the most common natural hazards in the world, landslides pose a significant threat
to public health and safety. According to statistics, landslides have affected 4.8 million people and
caused 18,275 deaths during the period of 2009–2019 [1]. Landslide displacement prediction, which
provides the necessary information to determine the extent of ongoing hazard, has proven to be the
most cost-saving risk reduction measure [2–4]. However, landslide displacement prediction is complex
and remains a key challenge in natural hazard research. This challenge arises because landslides are

119

Int. J. Environ. Res. Public Health 2020, 17, 4788

nonlinear, dynamic systems, and the associated movements can be induced by different causes, such as
geological factors [5], hydrological factors [6,7], morphological factors, and human activities [4,8].
A large number of efforts in the literature have focused on the precise prediction of landslide
displacement [9]. Currently, approaches used for landslide displacement prediction are categorized
as physical modelling approaches and data-driven approaches [10]. Physical models (also known as
white-box models), which rely on detailed descriptions of landslide mechanism processes, can provide
clear physical explanations of landslides. The commonly used physical models include the tertiary
creep model [11], the Hayashi model [12], and the general creep model [13]. Those physical models
require numerous expensive geotechnical characterizations of the materials involved in landslides and
therefore may be applicable only in limited cases [14].
Data-driven models differ from physical models because a characterization of the actual landslide
mechanism processes is not fully required. Thus, the data-driven models are also known as black-box
models. The main advantage of data-driven models is that the trained models can be easily updated
on the basis of new and more recent data.
Data-driven models include but are not limited to statistical methods, artificial neural networks
(ANNs), support vector machines (SVMs) [15], and extreme learning machines (ELMs) [16]. Owing
to their capacity to approximate arbitrary, nonlinear, and dynamic systems with high precision,
data-driven models achieve good model performance in the prediction of landslide displacement.
Despite their widespread application, the output of most existing data-driven models is a single
estimate for each prediction horizon. These single estimates, which provide deterministic values, are
referred to as point predictions [3]. The defining characteristic of a point prediction is its accessibility
with regard to understanding and operation. The main drawback of point prediction is that it only
provides the prediction error, with no information regarding the associated predictive uncertainties,
which limits the use of point prediction in decision-making applications.
The predictive uncertainties consisting primarily of input uncertainty, parameter uncertainty,
and model uncertainty could be substantial. It is highly desirable to know the degree of uncertainty
that is associated with a particular point prediction and convert the point prediction into informative
resources for emergency landslide risk management [3,17]. Only limited studies have examined
the quantification of uncertainty associated with landslide displacement prediction by constructing
prediction intervals (PIs). The output of a PI is an interval composed of upper and lower bounds,
where we expect the predictive value of the series to fall within some (prespecified) probability, which
is deemed the PI nominal confidence (PINC). A hybrid approach based on an echo state network and
mean-variance estimation was proposed by Yao et al. [18] to measure the uncertainty in landslide
deformation prediction and perform interval prediction. A bootstrap-based approach was proposed
by Ma et al. [4] to perform interval prediction of landslide displacement. Wang et al. [2] proposed a
direct interval prediction using least squares support vector machines or the construction of PIs of
landslide displacement. Kernel-based support vector machine quantile regression (KSVMQR) was
utilized in [3] for quantification of the predictive uncertainty of landslide displacement.
However, the traditional methods have certain disadvantages in displacement prediction
and quantification of predictive uncertainty. For example, the bootstrap-based approach requires
significantly high computational costs, especially for large datasets [2]. Additionally, the performances
of SVM-based approaches are sensitive to the choice of kernel type and parameter values [19]. Therefore,
more efforts still need to be made for the improvement of prediction performance and quantification of
the predictive uncertainty.
Ensemble prediction, a state-of-the-art artificial intelligence technique, aims to improve
prediction robustness and accuracy and uncertainty quantification [20,21]. Ensemble prediction
has been successfully applied in a variety of fields, including prediction performance improvement
and uncertainty quantification of remaining useful life [22], bankruptcy [23], shear capacity of
reinforced-concrete deep beams [24], residential electricity consumption [25], wind power [26], flood
susceptibility [27,28], and landslide susceptibility [29].
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In this study, a probability-scheme combination ensemble prediction that employs quantile
regression neural networks and kernel density estimation (QRNNs-KDE) was proposed for robust
and accurate prediction and uncertainty quantification of landslide displacement. The Fanjiaping
landslide with long-term and near real-time monitoring data was selected as a case study to explore
the performance of the QRNNs-KDE approach. The deformation characteristics were clarified for fully
understanding the triggering factors.
2. Methodology
2.1. Description of Uncertainty Sources
Predictive uncertainty in data-driven models consists primarily of input uncertainty, parameter
uncertainty, and model uncertainty [30–32].
The input uncertainty is related to the input data uncertainty and the input variable section
uncertainty. The input data uncertainty is primarily due to measurement and sampling error and
environmental noise. The input variable section uncertainty accounts for uncertainty inherent in the
selection of input variables from the candidate data set. For physical models, the required inputs are
pre-determined, being consistent with considered rheological models. However, for data-driven models,
the selection of input variables is problem-dependent and cannot be determined in advance. Only major
and relevant variables are selected as final inputs to train the data-driven model. The selection of
the variables to include in a data-driven model from the original data set is inherently uncertain,
especially when the input candidate pool is very large. For example, in data-driven models that utilize
decomposition algorithms, only a portion of the decomposed sub-components are selected as input
variables. The candidate input pool, which consists of sub-components, increases very quickly with
the decomposition level and potentially increases the input variable selection uncertainty.
The parameter uncertainty refers to the uncertainty in the model parameter vector and mainly
arises from the inability to identify a unique set of best parameters for the model [33].
Model uncertainty arises primarily from the model structure uncertainty and model error. Model
structure uncertainty is associated with the specific model setting of learning algorithms, such as the
polynomial order in polynomial regression models, the number of hidden nodes in an ANN or ELM,
and the type of kernel function in an SVM. The input uncertainty may also account for model structure
uncertainty, because different input variables “automatically" produce different model structures.
Model error refers to the difference between two model estimates with respect to the corresponding
target and is caused by the inability to reproduce the real processes.
2.2. Ensemble Prediction
Ensemble prediction is not a specific learning algorithm but a strategic combination of multiple
predictions into a single output with a model combination process [21]. Based on the selection of
the learning algorithm, ensemble prediction models can be further classified into homogeneous and
heterogeneous ensemble models (Figure 1). A homogeneous ensemble model generates multiple
learners with the same learning algorithm on different training datasets, which are produced by
manipulating the original training data (schematic illustrated in Figure 1a). Bootstrap aggregation,
also known as bagging for short, is the most straightforward and widely used method of manipulating
the training dataset. By contrast, a heterogeneous ensemble model generates multiple learners with
different learning algorithms on the same training data set (schematic illustrated in Figure 1b).
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Figure 1. General framework for ensemble prediction models. (a) Homogeneous ensemble model and
(b) heterogeneous ensemble model.

The base learner combination is the main step in the ensemble prediction model. Summation
and averaging are simple combination schemes. A more general approach involves assigning a
weight to each base learner. In the present study, a heterogeneous ensemble model was built based
on QRNNs and KDE. QRNNs serve as base learning algorithms to produce multiple base learners,
and the probability combination scheme based on KDE is used to combine the base learners into the
final ensemble prediction.
2.3. Quantile Regression Neural Network
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is called0the τth1 quantile of Y.
Given a data set (xi (t), Y(t))θ for i = 1, 2, · · · , I and t = 1, 2, · · · , N, the linear quantile regression
can be expressed as follows:
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X
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where 0 < τ < 1 is the quantile, and b is an error with zero expectation.
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The estimated parameters θi can be approximated by minimizing a sum of the asymmetrically
weighted absolute residual cost functions, which are expressed as follows:
N

Eτ =

1X
ρτ (Y(t) − Ŷτ (t))
N

(4)

t=1

where Y(t) is the observation at time t and ρτ is the check function, which is also known as the pinball
loss function and is defined as follows:
(
τx
if x ≥ 0
(5)
ρτ ( x ) =
(τ − 1)x if x < 0
2.3.2. Quantile Regression Neural Network
Given inputs xi (t) and an output Y(t), the output from a QRNN is calculated as follows:
Consider a hidden-layer transfer function h(·); the output from the j-th hidden-layer node
g j (t) is given by applying the hidden-layer transfer function to the inner product between xi (t) and
(h)

hidden-layer weights wij plus the hidden-layer bias b j (h) , which can be calculated as follows:
g j (t) = h(

I
X

(h)

(h)

xi (t)wij + b j )

i=1

(6)

An estimate of the conditional τ-quantile ŷτ (t) is
Ŷτ (t) = f (

J
X
j=1

(o)

where w j

(o)

g j ( t ) w j + b(o) )

(7)

are the output-layer weights, b(o) is the output-layer bias, and f (·) is the output-layer

transfer function. The transfer function h(·) and f (·) are usually set as the hyperbolic tangent sigmoidal
and linear function, respectively [36].
As an alternative method to prevent overfitting, weight delay regularization for the magnitude of
the input-hidden layer weight can be applied by setting a penalty with a nonzero value.
2.4. Kernel Density Estimation (KDE)
Nonparametric density estimation is the process of fitting a parametric density model of a
random variable without making the assumption that the density belongs to a particular parametric
family [37,38]. Various methods have been proposed for nonparametric density estimation, e.g.,
k-nearest neighbors method, Parzen windows, histogram, and KDE [38]. In the domain of
nonparametric density estimation, the K-nearest neighbors method has a very limited scope of
practical applications due to its very poor performance. The Parzen windows method presents slightly
better performance but also produces discontinuities (stair-like curves) that are quite annoying in
practice [38]. A histogram is a simple form of the nonparametric density estimation. However, it suffers
serious and noticeable drawbacks. First, the resulting visualization strongly depends on the choice of
binning. Second, the natural feature of the histogram is discontinuity, which causes extreme difficulty
if derivatives of the estimates are required.
Fortunately, those abovementioned drawbacks can be easily eliminated by using KDE [38,39].
In fact, KDE has been extensively studied and has become the most popular method in nonparametric
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density estimation. Given a random sample Y1 , Y2 , · · · , Ym , the value of the density at the point y
ˆ by the KDE method is given by the following:
estimated
m

1 X y − Yi
)
K(
fˆ( y, h) =
mh
h

(8)

i=1

where h is the bandwidth with positive real value and K(·) is the kernel function. In this study, the most
effective Epanechnikov kernel [38] was adopted and expressed as
K ( y) =

3
(1 − y2 )R( y ≤ 1)
4

(9)

where R(·) is the indicator function, that is, R( y ∈ A) = 1 for y ∈ A and R( y ∈ A) = 0 for y < A.
The selection of bandwidth parameter is a crucial issue in KDE. The bandwidth parameter
influences
the smoothness
of the KDE curve and also determines the tradeoff between
the bias and
()

1 ( ), 2 ( ),  ,
1
2
variance. In general, the smaller the bandwidth, the smaller the bias, and the larger the variance.
0
1
A number of methods have been proposed to find the optimal bandwidth, such as Silverman’s rule of
thumb and the Sheather-Jones method. Silverman’s rule of thumb bandwidth with a Gaussian kernel
and Epanechnikov kernel can be computed as follows:
1

hoptimal ≈ 1.06σ̂n− 5
1

hoptimal ≈ 2.34σ̂n− 5

(10)
(11)

where σ̂ is the estimation of σ (standard deviation of the input data) [38].
2.5. Ensemble Prediction Employing QRNNs and KDE
= ( ) ( )
1
The proposed ensemble prediction employing
QRNNs and KDE is shown in Figure 2.
The QRNNs-KDE approach consists of four stages: (1) data splitting and normalization, (2) QRNN
()
()
modelling, (3) probability density function (PDF) estimation by KDE, and (4) final ensemble prediction.

Figure 2. The overall flowchart of ensemble prediction based on the quantile regression neural networks
and kernel density estimation (QRNNs-KDE) approach.

Data splitting and normalization: The original landslide monitoring dataset is divided into
training data and testing data. The training data are used for model construction, and the testing
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data are used to evaluate the performance of the constructed model. To eliminate the influence of
dimensional data, the training data and testing data are first normalized in the range of 0 to 1.
QRNNs modelling: QRNNs serve as base learning algorithms to generate multiple base learners
Y1 (t), Y2 (t), · · · , Ym (t) by applying a finite number of conditional quantities τ1 ≤ τ2 ≤ · · · ≤ τm within
the domain 0 < τ < 1, e.g., τ = 0.01, 0.02, . . . , 0.98, 0.99. The base learners of landslide displacement
are obtained after renormalizing the outputs from the QRNNs approach. To avoiding overfitting in
QRNNs modelling, a penalty parameter with nonzero value is applied.
PDF estimation by KDE: Multiple base learners from the QRNNs base model are treated as the
input for KDE to estimate the probability density function (PDF) of the base learners. The kernel
function and bandwidth influence the shape of the KDE curve. An appropriate kernel function and an
optimal bandwidth should be chosen to best match the features of the original dataset.
Final ensemble prediction: In the present study, the final ensemble prediction was obtained
through a probability combination scheme as follows:
ut =

m
X

pi (t)Yi (t)

(12)

i=1

where pi (t) is the probability value of the i-th base learner and Yi (t) is obtained from the KDE for
monitoring period t.
2.6. Evaluation Metrics and Uncertainty Quantification
In this study, five indices—coefficient of determination (R2 ) MSE, RMSE, NRMSE, and MAPE—
were applied to assess the performance of point prediction. R2 , MSE, RMSE, NRMSE, and MAPE are
defined as
2
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(16)

t=1

N

MAPE =

1 X ût − ut
(
) × 100%
N
ut

(17)

t=1

where ût and ut denote the t-th predictive value and observation, respectively, and u and û denote the
mean of the observation and the mean of the predictive value, respectively.
In the present study, the associated predictive uncertainties were quantified with PIs. After the
above procedures, full PDFs of the future landslide displacement were achieved. An interval prediction
with a (1 − α) × 100% confidence interval can be obtained from the α/2 and 1 − α/2 quantiles of the
obtained PDF. The α level, also called the significance level, ranges from 0 to 1 and is the probability
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of not capturing the value of the parameter. The predictive values of the α/2 quantity and 1 − α/2
quantity are set as the upper bound (Ut1−α ) and lower bound (L1−α
t ), respectively. For example, a 90%
central PI can be obtained from the 0.05 and 0.95 quantiles of the PDF. The upper bound and lower
bound of the 90% confidence level correspond to the predictive values of the 0.95 and 0.05 quantiles of
the obtained PDF.
The prediction interval coverage probability (PICP), normalized mean PI width (NMPIW),
and coverage width-based criterion (CWC) are three indices for evaluating the correctness of the
approximated PIs. The PICP reflects the degree of reliability of PIs and is defined as
N

1 X 1−α
It
N

(18)

1−α
1 ut ∈ [L1−α
t , Ut ]
1−α
0 ut < [L1−α
t , Ut ]

(19)

PICP =

t=1

where It1−α is defined as follows:
(
It1−α

=

NMPIW measures the width of the PI; it is defined as
N

1 X 1−α
NMPIW =
(Ut − L1−α
)
t
Nς

(20)

t=1

where ς is the range of the underlying targets.
For high-quality PIs, narrow PIs (smaller NMPIW) with a high coverage probability (large PICP
close to 100%) have great value [40,41]. Theoretically, NMPIW and PICP are conflicting. Therefore,
CWC, which is a new balance criterion between PICP and NMPIW [42], is proposed to give a
comprehensive assessment of PIs. CWC is defined as
CWC = (NMPIW + ψ)e

γ(PICP−µ)
2δ2

(21)

where ψ is a small positive value within the range of (0.1%, 0.5%), µ corresponds to the nominal
confidence level associated with PIs that is usually set to 1 − α, and δ is a small positive value less than
1. γ is set to 1 during the training process; for testing, it is defined by the following step function:
(
γ=

1,
0,

PICP ≥ µ
PICP < µ

(22)

3. Case Study: Fanjiaping Landslide
3.1. Features of the Fanjiaping Landslide
The Fanjiaping landslide is located on the southern bank of the Yangtze River and upstream of the
Baishuihe landslide and downstream of the well-known Huangtupo landslide, which is approximately
56 km northwest of the Three Gorges Reservoir Dam (see Figure 3 for location). The Fanjiaping
landslide is an ancient landslide [43,44] composed of two blocks: the Muyubao landslide and Fanjiaping
landslide. The entire planar area of the landslide is approximately 1.96 million square meters, and the
landslide volume is approximately 106 million cubic meters. The thickness of the Fanjiaping landslide
ranges from 40 to 139.16 m. The Muyubao landslide is approximately 1500 m long and 1200 m wide.
The average thickness of the Muyubao landslide body is approximately 50 m, and its estimated volume
is 90 million m3 .

126

Int. J. Environ. Res. Public Health 2020, 17, 4788

Figure 3. Location of the landslide site.

The Muyubao landslide extends from an elevation of 100 m at the toe to 520 m at the crown
(Figure 4a,b). The slope surface consists of alternating gentle and comparatively steep landforms.
The sliding direction of the landslide is 20◦ . The Tanjiahe landslide, located on the downstream of
the Muyubao landslide, is approximately 1000 m long and 400 m wide. The average thickness of the
Tanjiahe landslide body is approximately 40 m, and its estimated volume is 16 million m3 . The Tanjiahe
landslide extends from an elevation of 135 m at the toe to 420 m at the crown (Figure 4c,d). The slope
surface consists of alternating gentle and comparatively steep landforms. The sliding direction of the
landslide is 345◦ .
The site-specific investigation shows that the landslide materials are arranged in two different
layers: a colluvial deposit at the upper surface and highly disturbed sandstone at the lower surface.
The cataclastic sandstone is underlaid by sandstone and mudstone of the Jurassic Xiangxi formation
(J1x) with an average dip direction of 10–25◦ and a dip angle of 27–36◦ (Figure 4b,d). Soft coal layers
are prevalent in the J1x formation, and many landslides have developed along the soft coal layers. The
borehole data indicates that the landslide mass of the Muyubao and Tanjiahe landslide slide along a
soft coal layer with a thickness ranging from 0.1 to 0.3 m. According to laboratory testing of sliding
zone soil obtained from the borehole, the natural moisture content of the soil is 12.6%, and the natural
density is 1.9 g/cm3 .
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Figure 4. Cont.
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Figure 4. Topographic map and geological profile of the Fanjiaping landslide. (a) Topographic map
of the Muyubao landslide. (b) Geological profile of the Muyubao landslide along sections A-A′′, as
recorded with monitoring instruments. (c) Topographic map of the Tanjiahe landslide. (d) Geological
profile of the Tanjiahe landslide along sections B-B′ ,′ as recorded with monitoring instruments.

3.2. Input Data
A total of sixteen GPS beacons were installed on the landslide mass to monitor the landslide
movements in September 2006 (see Figure 4 for the GPS locations): four on the Tanjiahe landslide and
twelve on the Muyubao landslide. The GPS monuments were manually surveyed once a month. In
April 2016, four GPS monitoring points, ZG295, ZG296, ZG297, and ZG298, were updated to near
real-time monitoring. At most, thirteen years’ worth of monitoring data were obtained. Figure 5
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shows the monthly rainfall intensity obtained from the Shazhenxi Meteorological Station near the
Fanjiaping landslide, the reservoir water level, and the displacement from GPS survey monuments
over the thirteen-year period from October 2006 to March 2018. The available data indicate that the
landslide was unstable and continuously deforming during the entire monitoring period. The landslide
exhibits a step-like deformation behavior because of the periodic fluctuations in the reservoir water
level and heavy precipitation. The monitoring data from both Muyubao and Tanjiahe show that larger
displacements occurred in the upper middle part of the landslide mass. From the sequence of the
surface cracks and displacement magnitude, we speculate that the movement occurred first at the
rear part and progressed downslope. Based on a previous study on the relations between slip-surface
geometry, material structures, and deformational structures [45,46], the observed kinematic behaviors
are expected independent of the characteristics of the landslide material. However, more work is
needed to confirm these findings.

Figure 5. Reservoir water level, monthly rainfall intensity, and cumulative displacement from the
Fanjiaping landslide area.

3.3. Triggering Factors of the Landslide Movements
Although the Fanjiaping landslide is one of the largest landslides in the TGRA, very few
publications have reported detailed information on the triggering factors of the landslide movements.
Fully understanding the triggering factors is critical for landslide mitigation and early warning. In
this study, long-term and near real-time monitoring data were used to comprehensively analyze the
landslide movements. The cumulative displacement at monitoring point ZG295, monthly rainfall
intensity, and reservoir water levels in 2009, 2011, 2012, 2015 are shown in Figure 6a–d. The available
data shows the following trends:
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Figure 6. (a–d) Cumulative displacement at monitoring point ZG295, monthly rainfall intensity, and
reservoir water level spanning the period of 2009, 2011, 2012, and 2015. (e) Cumulative displacement
at monitoring points ZG296 and ZG297, daily rainfall intensity, and reservoir water level spanning
the period of June 2016 to October 2017. (f) Annual displacement at monitoring point ZG291, ZG294,
ZG288, and ZG289, and reservoir water level spanning the period of 2007 to 2017.

(1) When the reservoir water level first rose from 135 to 156 m at the end of 2006, a significant
annual displacement of 330 mm occurred at monitoring point ZG291 in 2007. Similarly, an annual
displacement of 260 mm occurred at monitoring point ZG291 in 2009 when the reservoir water level
rose from 156 to 172 m at the end of 2008. After 2009, the annual displacements shows a decreasing
trend (Figure 6f). The results of the above analysis suggest that landslide deformation occurred at the
preliminary operation phase, and more significant movement is likely to occur when the reservoir
water level reaches a new higher level.
(2) A large deformation occurred when the reservoir water level slightly dropped from 175 m
to 170 m in November to February (I in Figure 6). During 2009 to 2015, the monthly deformation
rate during this drawdown period was greater than 20 mm per month (Figure 6a–d). For example,
when the reservoir water level dropped from 174 m to 172.21 m in January 2012 to February 2012, the
displacements measured at monitoring points ZG295, ZG296, ZG297, and ZG298 were 38.98, 26.39,
35.12, and 41.78 mm, respectively (Figure 6c). However, when the reservoir water level significantly
dropped from 170 m to 145 m in February to June (II in Figure 6), the monthly deformation rate
decreased to less than 20 mm per month.
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(3) When the reservoir level remained at 145 m in July to September (III in Figure 6) and the
landslide area suffered a heavy rainfall event, the landslide deformation was likely to be suspended
except for 2012. The maximum monthly rainfall intensity during those suspended activities was
158 mm. In July 2012, the landslide area suffered from a heavy rainfall event with a monthly rainfall
intensity of 208 mm, and the monitoring point deformed at a high rate. From those comparative
analyses, we can speculate than the minimum triggering threshold consists of episodes lasting one
month with cumulative rainfall exceeding 158 mm.
(4) When the reservoir rose from 145 m to 175 m in September to November (IV in Figure 6), monthly
deformation rate decreased to a small positive (less than 10 mm per month) or even negative value.
(5) The near real-time monitoring data also showed the abovementioned trends: when the
reservoir water level rose from 147.25 to 174.42 m on August 31 2016 to October 27 2016, the monthly
deformation rates for ZG296 and ZG297 were 2.6 and 3.3 mm/month, respectively. When the reservoir
dropped from 174.45 to 171.18 m on November 9 2016 to January 16 2017, deformations of 24.07 and
26.46 mm occurred at ZG296 and ZG297, respectively. The corresponding monthly deformation rates
were 12.8 and 13.2 mm/month, respectively.
From the above analysis we can conclude that landslide movement was especially pronounced
under prolonged periods of dropping reservoir levels, especially during periods of slight dropdown at
the highest reservoir level, and the minimum triggering threshold consisted of episodes lasting one
month, with cumulative rainfall exceeding 158 mm.
3.4. QRNNs-KDE-Based Method for Ensemble Prediction
3.4.1. Data Splitting and Normalization
The available data (Figure 5) indicate that for the two active blocks, the largest displacements
were observed at monitoring points ZG289 and ZG291, respectively. Therefore, monitoring points
ZG289 and ZG291 were selected to establish a prediction model for the Fanjiaping landslide.
Previous correlation analysis in [3] revealed that weak to very strong correlations exist between
landslide displacement and triggering and state variables. Therefore, based on triggering factor analysis
and previous work on correlation analysis in [3], seven variables including four trigger variables and
three state variables were selected as the inputs: rainfall intensity over the past month (x1 (t)), rainfall
intensity over the past two months (x2 (t)), average reservoir water level in the current month (x3 (t)),
variation in the reservoir water level in the current month (x4 (t)), displacement over the past one
month (x5 (t)), displacement over the past two months (x6 (t)), and displacement over the past three
months (x7 (t)). In addition, the displacement in the current month (Y(t)) was selected as the output.
A data set (xi (t), Y(t)), i = 1, 2, · · · , 7 was generated based on the inputs and corresponding outputs.
For the Tanjiahe landslide, the data from October 2006 to January 2015 with a size of 100 were treated
as the training set, and the data from February 2015 to June 2015 with a size of 5 were used as the
testing set. For the Muyubao landslide, the data from October 2006 to January 2015 with a size of 133
were treated as the training set, and the data from November 2017 to October 2018 with a size of 12
were used as the testing set.
3.4.2. QRNN Modelling
Two nonlinear models with a sigmoidal transfer function and linear transfer function for τ = 0.01,
0.02, . . . , 0.98, 0.99 with an interval of 0.01 were trained for monitoring points ZG289 and ZG291
to generate multiple base learners. The number of hidden nodes in the QRNNs model was set to 5.
The penalty for weight delay regularization was set to 1 to prevent overfitting in QRNNs model
construction. For each monitoring period, a total of 99 base learners were obtained at conditional
quantities ranging from 0.01 to 0.99 based on the QRNNs. The main parameters applied in the
modelling of QRNNs are shown in Table 1.
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Table 1. The parameters utilized in the QRNNs modeling for the Fanjiaping landslide.
Parameter

Value

Parameter

Value

Maximum number of iterations
Number of quantiles
Number of repeated trials

5000
99
5

Penalty for weight decay regularization
Number of input nodes
Number of hidden nodes

1
7
5

3.4.3. PDF Estimation by KDE
The multiple base learners from QRNNs were employed as inputs of Epanechnikov KDE to
estimate the PDF. The optimal bandwidths for PDF estimation were calculated based on Silverman’s
rule of thumb. The optimal bandwidths for PDF estimation of testing data at ZG289 were set to 7.98,
8.05, 5.66, 7.05, and 9.26. The optimal bandwidths for PDF estimation of testing data at ZG291 were set
to 5.28, 8.61, 7.77, 5.62, and 5.30.
3.4.4. Final Ensemble Prediction
Final ensemble predictions for the Fanjiaping landslide were generated through a probability
combination scheme. PIs were constructed from the obtained PDF to estimate the predictive uncertainty.
For the purpose of aiding decision-making, it is preferable to have prediction information with high
confidence levels to reduce risks. Therefore, PIs at a high PINC value of 90% were obtained and
analyzed in the study.
4. Results
PDFs: The PDFs of predictive displacement at ZG289 and ZG291 constructed by the proposed
QRNNs-KDE approach are shown in Figures 7 and 8. The fast movement is the main concern in
landslide displacement prediction. Here, only a portion of the prediction describing the fast landslide
is selected and shown. Figures 7 and 8 show that rather than a single estimate, the range and
complete PDF of the predictive displacement are provided by the proposed approach. All landslide
displacement observations are distributed in the middle of the PDFs with high probability in addition
to the observations of May and June at ZG289, which appear at the tail of the probability density curve.
The small fraction falling into the right tail follows the increase in the prediction period; here, there are
more uncertainties associated with longer-term landslide predictions.

Figure 7. Probability density functions (PDFs) for the Fanjiaping landslide at ZG289 from February
2015 to June 2015.
133

Int. J. Environ. Res. Public Health 2020, 17, 4788

Figure 8. PDFs for the Fanjiaping landslide at ZG291 from December 2017 to May 2018.

Final ensemble prediction: Figure 9 shows the final ensemble predictions. As shown in Figure 9,
the ensemble predictions obtained via the probability combination scheme showed a high degree of
consistency in the landslide displacement observations, with coefficient of determination values of
0.999932 and 0.999944. To further evaluate the prediction performances of ensemble prediction based on
the QRNNs-KDE, the evaluation metrics of the BP, RBF, ELM, and SVM approaches are shown in Table 2.
As shown in Table 2, the final ensemble predictions using the QRNNs-KDE approach outperformed the
persistence methods with the smallest MSE, RMSE, NRMSE, and MAPE and the largest R2 . Moreover,
compared with predictions at monitoring point ZG289 using the Copula-KSVMQR approach in [3],
the QRNNs-KDE approach provided more accurate prediction with smaller MAPE and RMSE.

Figure 9. Comparisons of the final ensemble predictions and observations for the Fanjiaping landslide
at ZG289 and ZG291.
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Table 2. Comparisons of predictions obtained from QRNNs-KDE, BP, RBF, ELM, and SVM for the
Fanjiaping landslide.
Model

Monitoring Point

BP

RBF

ELM

SVM

QRNNs-KDE

ZG289

R2
MSE
RMSE
NRMSE
MAPE

0.99730
3192.07
56.50
0.032263
2.74

0.99992
99.54
9.98
0.005697
2.00

0.99785
2538.74
50.39
0.028772
1.57

0.99993
78.12
8.84
0.005047
1.27

0.99997
30.69
5.54
0.003163
1.17

ZG291

R2
MSE
RMSE
NRMSE
MAPE

0.99991
206.32
14.36
0.005953
3.97

0.99759
5684.98
75.40
0.031251
1.96

0.99991
215.41
14.68
0.006083
2.59

0.99995
119.75
10.94
0.004536
2.33

0.99997
70.15
8.38
0.003471
0.41

Index

Note: The most accurate prediction results are shown in bold italics.

Uncertainty quantification: Based on the PDFs shown in Figures 7 and 8, PIs at a high confidence
level (90%) were constructed for ZG289 and ZG291 (Figure 10a,c, respectively). To evaluate the
prediction performances based on the QRNNs-KDE approach, 90% PIs were constructed based on
the bootstrap-ELM-ANN approach (Figure 10b,d). The corresponding evaluation metrics are shown
in Table 3. As shown in Figure 10 and Table 3, the constructed PIs based on the QRNNs-KDE
approach perfectly covered the observations with a high percentage, and the QRNNs-KDE approach
outperformed the bootstrap-ELM-ANN approach with smaller NMPIW and CWC. For example,
the performance indices NPIW and CWC of 90% PIs at ZG289 were 0.0215 and 0.1661, respectively,
which were lower than those obtained using the bootstrap-ELM-ANN approach. The normalized
mean PI width using the QRNNs-KDE approach was approximately 90% narrower than that for the
bootstrap-ELM-ANN approach.
The experimental results show that the final ensemble predictions based on the QRNNs-KDE
approach outperformed the traditional BP, RBF, ELM, SVM, and Copula-KSVMQR algorithms with
regard to deterministic point prediction. The QRNNs-KDE approach was more informative than
traditional algorithms because it provided the likely range of landslide displacement. The landslide
observations were distributed in the middle of the prediction range with high probability. Moreover,
regarding the aspect of uncertainty quantification, the QRNNs-KDE provided more satisfactory PIs
than the bootstrap-ELM-ANN approach. Therefore, we believe that the final ensemble predictions
based on the QRNNs-KDE approach have the advantages of accurate prediction and uncertainty
quantification of landslide displacement.
Table 3. Comparisons of 90% PIs obtained from Bootstrap-ELM-ANN and QRNNs-KDE for the
Fanjiaping landslide.
Index

Monitoring Point

PICP

NPIW

CWC

Bootstrap-ELM-ANN

100%

0.27

0.2071

QRNNs-KDE

100%

0.0215

0.1661

Bootstrap-ELM-ANN

99%

0.024

0.143

QRNNs-KDE

99%

0.018

0.085

Model
ZG289
ZG291

Note: The prediction results with a narrower PI range are shown in bold italics.
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Figure 10. Cont.
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Figure 10. Comparisons of the observations and the constructed PIs at a 90% confidence level for the
Fanjiaping landslide at ZG289 and ZG291 using QRNNs-KDE and bootstrap-ELM-ANN. (a) 90% PIs at
ZG291 using QRNNs-KDE; (b) 90% PIs at ZG291 using bootstrap-ELM-ANN; (c) 90% PIs at ZG289
using QRNNs-KDE, (d) 90% PIs at ZG289 using bootstrap-ELM-ANN.

5. Discussion
In this study, with regard to point prediction, the probability-scheme combination ensemble
prediction, which employs QRNNs-KDE, provided the best prediction. The fundamental reasons
behind this can be explained from statistical, computational, and representational perspectives [47].
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From a statistical perspective, the available training data set may not be able to provide sufficient
information for training the true model (h* in Figure 11). Constructing an ensemble model (h’ in
Figure 11) might not be better than the single best prediction model h* , but it does reduce the risk of
choosing a bad learner with poor generalizability (schematic in Figure 11a). From a computational
perspective, in a single model the training algorithms might get stuck in lock optima by only performing
a local search. Constructing an ensemble model by searching from different starting positions might be
a better alternative (schematic in Figure 11b). From a representational perspective, it is possible that
the searched hypothesis space might not contain the true model h* . Constructing an ensemble model
might expand the representable space (schematic in Figure 11c).

Figure 11. Schematic that shows the fundamental benefits of the ensemble prediction model from
statistical (a), computational (b), and representational (c) perspectives. h* is the true prediction model;
h1 , h2 , and h3 are single prediction models; and h’ is the ensemble prediction model obtained by
combining the single prediction models h1 , h2 , and h3 . The outer black curve is the hypothesis space
of all possible models. The inner blue curve denotes the subset of hypotheses that give reasonable
accuracy with the available training data (modified from [47]).

In the proposed QRNNs-KDE approach, the probability combination scheme is employed to
combine 99 base learners into one final ensemble to improve the model performance. However,
a concern about computational time may be associated with this ensemble strategy. The required
computational time is highly related to the number of base learners. For the case of ZG 291, the
required computation time is 191.85 s to train 99 base learners in RStudio Version 1.2.5042 on an Intel(R)
Xeon(R) E-2176M @ 2.70 GHz CPU with 64 GB RAM. Thus, we believe that the proposed approach is
computationally efficient.
Nevertheless, the probability-scheme combination ensemble prediction, which employ QRNNs
and KDE, also holds inherent limitations associated with data-driven models, such as the lack of
an explicit input-output relationship, and the requirement of large training data to maintain the
model performance.
In practical applications, the main motivation for the construction of predictive range and complete
PDF is to quantify the likely predictive uncertainty in the deterministic point predictions. Availability
of range and complete PDF of the predictive displacement allows the researchers and practitioners to
efficiently quantify the level of predictive uncertainty with the deterministic point predictions and
to consider a multiple of solutions/scenarios for the best and worst conditions. Wide ranges are an
indication of presence of a high level of uncertainty in the operation. This information can guide
the researchers and practitioners to avoid the selection of risky actions under uncertain conditions.
In contrast, narrow range means that decisions can be made more confidently with less chance of
confronting an unexpected condition in the future, for example, if a sharp displacement increment with
a wider range was predicted for the further. An alert should be carefully determined whether reaching
tertiary creep stage by researchers and practitioners through comprehensive analysis. Under this
circumstance, time-of-failure forecasting should be run in parallel, and a multiple of solutions/scenarios
should be considered until either failure precursors are identified or the movements suspended.
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The proposed QRNNs-KDE approach is suitable for medium-term to long-term horizon forecasting.
Results from previous studies [2,48] have shown that the performance of data-driven models
varies for landslides with different deformation behaviors. Usually, for landslides with drastic
step-like deformation, the prediction accuracy is lower, and the corresponding prediction error is
larger. Therefore, in practical applications of medium-term to long-term horizon forecasting, when
predicting landslides with drastic deformation, the proposed QRNNs-KDE approach should be applied
with caution. To achieve excellent performance, sufficient data are recommended and needed for
model training.
6. Conclusions
In this study, a QRNNs-KDE approach was proposed to improve the prediction accuracy and
uncertainty quantification of landslide displacement. The Fanjiaping landslide in the TGRA was
selected as a case study to explore the performance of the QRNNs-KDE approach. The following
conclusions from the study were obtained:
The movements of the Fanjiaping landslide was especially pronounced under prolonged periods
of dropping reservoir levels, especially during periods of slight dropdown at the highest reservoir
level, and the minimum triggering threshold consists of episodes lasting one month, with cumulative
rainfall exceeding 158 mm.
The QRNNs-KDE approach achieves perfect performance and outperforms the traditional
BP, RBF, ELM, SVM, bootstrap-ELM-ANN, and Copula-KSVMQR methods. Additionally, the
proposed approach is more informative by providing the likely range and complete PDFs of landslide
displacement. The landslide displacement observations are distributed in the middle of the prediction
range with high probability.
In practical application, the proposed QRNNs-KDE approach is suitable for medium-term to
long-term horizon forecasting. The range and complete PDF of the predictive displacement can
supplement final point predictions for decision making.
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Abstract: Korea’s Daegu Metropolitan City once had the second highest rate of COVID-19 infection
after Wuhan in China. Following the outbreak, the government provided the first national disaster
relief fund to citizens as financial aid. This study investigated whether the sense of regional belonging,
pride, and mental health among 550 citizens of Daegu differed between the times before and after
COVID-19, based on the presence or absence of the disaster relief fund. Frequency analysis, descriptive
statistical analysis, and t-tests were conducted using the SPSS 25.0 program. Results showed that
the sense of belonging was higher after COVID-19 than before, while pride was lower. Individuals
who received the disaster relief fund showed higher levels of regional belonging and pride with
statistical significance. The prevalence of melancholy and depression increased after COVID-19,
but the presence or absence of the fund did not lead to a significant difference. Thus, in case of a future
national disaster level, provision of the disaster relief fund can raise the sense of regional belonging
and pride, in order to elicit communication among local residents toward overcoming difficulties.
Furthermore, during challenging disaster situations, central and local governments should provide
diverse programs for the citizens’ mental health care.
Keywords: COVID-19; Daegu; sense of belonging; pride; mental health; disaster relief fund

1. Introduction
The high infectivity of COVID-19, first confirmed in China at the end of 2019, led to an exponential
increase in the rates of incidence and infection [1]. COVID-19 has now spread across the world,
adversely affecting the political, economic, psychological, and social states in each country [2].
The government of the Republic of Korea recently raised the COVID-19 national crisis level to
“serious” [3], and the World Health Organization (WHO) has declared COVID-19 a global pandemic [4].
For a certain period in Korea, the COVID-19 incidence rapidly fell in comparison to other countries,
and the daily lives of people seemed to return to normal [5]. However, the 31st patient confirmed to
have COVID-19 on 18 February 2020, in Daegu Metropolitan City (Daegu) in Korea led to approximately
5300 additional confirmed patients within 15 days [6]. This spread of infection resulted in the United
States raising the travel alert level to the highest phase, at 4, to prohibit trips to Daegu [7]. The rapid
spread of COVID-19, however, turned out not just to be a situation in Daegu, Korea; the large number
of confirmed cases in New York in the United States and the sudden rise in mortality paralyzed the
city [8], and led to shortage of mortuaries in the city’s hospitals [9].
Daegu in Korea was designated as a disaster area, due to the large-scale spread of COVID-19.
For the first time, the city provided “disaster relief funds” to citizens after the outbreak of COVID-19 [10].
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The funds were determined to prioritize the class that had difficulty receiving national welfare for
COVID-19 [11].
However, the households that exceed the standard of the national health insurance premium by
100%, teaching staff and employees of public institutions are not eligible for disaster relief funds [12].
Daegu has offered prepaid cards, local currency, and gift cards that could only be used to help the
financially distressed citizens and the local economy during the COVID-19 pandemic. This has been
contributing to the revitalization of the local economy [13].
According to Park [14], overcoming regional economic difficulties is one of the ways of making
citizens feel a sense of stability and a sense of belonging. Park [15] also stated that feeling proud of
contributing to the restoration of a local market by using local currency leads to a sense of belonging to
and affection for the community, and provides a chance to change the social atmosphere depressed by
COVID-19 in a positive way.
The local residents of a city with a high number of confirmed COVID-19 cases may suffer from
subsequent psychological trauma [16]. Such emotional damage could reduce residents’ sense of
regional belonging, as well as solidarity [17]. Thus, the basic data of the residents’ sense of belonging
and pride are necessary for those in regions, including Daegu, where COVID-19 incidence is high.
A terrifying aspect of COVID-19 is the ambiguity of the information regarding the factors related
to the propagation, latency, geographical range, infection frequency, and actual mortality. In fact,
an incorrect piece of information could induce anxiety and fear in people, which has a direct negative
influence on mental health [18,19]. To understand the psychological and emotional impact of a
pandemic, feelings like fear and rage have to be considered. The feeling of fear is a basic human
psychological response to a potentially threatening incidence [20]. Nonetheless, continuing fear could
exert harmful influence on mental health [21]. National disasters, such as the Ebola virus, severe acute
respiratory syndrome outbreaks, and earthquakes, have been shown to have a negative influence on
mental health [22–24]. When combating infectious diseases, fear increases the levels of anxiety and
stress in healthy individuals, while aggravating the symptoms in those already suffering from a mental
disorder, thus deteriorating their health further [25].
Quality of life and health are influenced by the balance between work and life, suggesting that
quality of life could be enhanced when a healthy mind and lifestyle achieve harmony [26]. Hence,
maintaining the quality of life at an adequate level is likely to improve the defense mechanism against
stress and produce emotional stability [27].
A study on mental health among citizens of Hong Kong after the COVID-19 outbreak reported
that mental health was influenced by COVID-19 [28]. The continuous spread of COVID-19 has resulted
in a deterioration of the quality of life of Daegu citizens, and several people are experiencing reduced
mental health [29]. Therefore, this study aimed to determine the necessary factors to aid people when
a national disaster occurs, such as in the case of Daegu, while examining the needs of people during
the spread of COVID-19. Furthermore, the sense of belonging, pride, and mental health as experienced
by the citizens of Daegu was investigated, as Daegu is the city with the largest number of COVID-19
cases in Korea, and the differences based on the presence or absence of the national disaster relief fund
was examined.
2. Materials and Methods
2.1. Study Design
This study analyzes the difference between the present and the past with group infection, based
on the data of “Social Indices of Daegu in 2018” [30] and “Regional Health Statistics at a glance,
2008–2018” [31], published in the Daegu area before the COVID-19. A comparison between the
presence and absence of national disaster relief fund. The data collection period was from 8 May to 13
May 2020.
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2.2. Participants
A survey was conducted among Daegu residents aged 19–65 years, excluding adolescents and
older adults. Convenience sampling was used, and a self-reported questionnaire was administered.
The survey (550 sheets) was conducted online through EMBRAIN, the top survey company in Korea.
Consent for participation was obtained from each participant using a preliminary question set, before
conducting the survey. The study design was reviewed and approved by the Institutional Review
Board at Chung-Ang University (1041078-202005-HRSB-119-01).
2.3. Measurement
To investigate the differences in pride, sense of belonging, and mental health among Daegu
citizens with respect to COVID-19, the following measurement tools were used. The questionnaire
required 10 min on average for completion.
2.3.1. Indicators of Sense of Belonging and Pride
To measure regional pride of Daegu citizens and its levels, a scale was developed, based on “Social
Indices of Daegu in 2018” [30]. The sub-categories of a sense of belonging and pride were comprised of
a total of two questions: one question about a sense of belonging as a Daegu citizen and one question
about satisfaction. Based on the four-point Likert scale, the scale of a sense of belonging and pride
contains four sentences regarding a sense of belonging: “Very strong sense of belonging”, “A little
sense of belonging”, “Little no sense of belonging”, and “No sense of belonging at all”. There were
also four sentences regarding pride: “Very strong sense of pride”, “A little sense of pride”, “Little no
sense of pride”, and “No sense of pride at all”.
2.3.2. Indicators of Mental Health
Indicators of the mental health status of the citizens were based on the “Regional Health Statistics
at a glance, 2008–2018” [31] survey conducted by the Ministry of Health and Welfare and the Korea
Centers for Disease Control. The sub-category of mental health was comprised of one question
on average daily sleep time and stress awareness, one question on the experience of the feeling of
melancholy, and nine questions on the prevalence of depression. The sleep time diagnosis consisted of
average daily sleep time was measured. The stress was composed of a four-point scale, and the degree
of stress perceived by individuals was indicated. The melancholy experience was usually composed
of yes or no, as a question about melancholy. Among the questions, the one regarding depression
prevalence used the standardized Korean version of the nine-item Patient Health Questionnaire
(PHQ-9), which is a screening tool for depression comprised of nine questions, based on the Diagnostic
and Statistical Manual of Mental Disorders, 4th edition [32]. Based on the diagnosis of the prevalence
of depression, 0 = “not at all”, 1 = “several days”, 2 = “more than half the days”, and 3 = “nearly every
day” were the criteria used to diagnose the prevalence of depression. The total score ranged 0 from 27,
and a higher score means a higher incidence of depression [32]. The tool has been reported to have
better sensitivity (88%) and specificity (88%) than the Self-Rating Depression Scale and Beck Depression
Inventory, which are the most commonly used depression indicators. PHQ-9 has also been found to be
valid, with a high level of reliability in the measurement of the severity of depression [33]. Despite the
small number of questions that require less time for completion, the PHQ-9 has been reported as a more
accurate diagnostic tool for depression in numerous recent studies [34]. This assumes significance
in the present time, when almost half of the patients with depression remain undiagnosed, owing to
insufficient consultation time in overcrowded outpatient clinics, or wherein most depression patients
are examined primarily for physical symptoms like pain or reduced physical functions, rather than
psychological ones [35]. In the present study, the Cronbach’s alpha coefficient of the PHQ-9 was 0.88.
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2.4. Data Analysis
All data in this study were analyzed using SPSS version 25.0 (IBM, Armonk, NY, USA), after a
process of coding and data cleaning. For demographic factors, cross-analysis and descriptive statistical
analysis were performed, and the results compared in order to analyze the mean and standard
deviation from the “Social Indices of Daegu in 2018” and the “Regional Health Statistics at a Glance,
2008–2018”. to ensure the required level of confidence in each tool, Cronbach’s α values were computed.
Lastly, in order to identify the differences according to provision of the national disaster relief fund,
an independent t-test was carried out.
3. Results
Table 1 displays the characteristics of the participants. This study targeted 285 females (51.8%)
and 265 males (48.2%), which means more females participated in the study. Also, 138 people in their
20s (25.1%) occupied the highest proportion of the subjects, and it was followed by 137 in their 40s
(24.9%). There were statistically significant differences in age, monthly household income, and sense of
pride depending on national disaster relief funds. Also, there were significant differences in national
disaster relief funds depending on the PHQ-9 scores of the subjects.
Table 1. Demographic characteristics (n = 550).
Variable

Total

WDRF 1

WODRF 2

n

550

264

286

Gender
Male, n (%)
Female, n (%)

265 (48.2)
285 (51.8)

128 (48.3)
136 (47.7)

137 (51.7)
149 (52.3)

Age, mean (SD)
20s, n (%)
30s, n (%)
40s, n (%)
50s, n (%)
60–65 years n (%)

38.33 (10.64)
138 (25.1)
190 (34.5)
137 (24.9)
66 (12.0)
19 (3.5)

38.09 (10.66)
69 (50.0)
88 (46.3)
73 (53.3)
21 (31.8)
13 (68.4)

38.54 (10.64)
69 (50.0)
102 (53.7)
64 (46.7)
45 (68.2)
6 (31.6)

Marital Status
Single, n (%)
Married, n (%)
Widowed or divorced, n (%)

285 (51.8)
249 (45.3)
16 (2.9)

131 (46.0)
123 (49.4)
10 (62.5)

154 (54.0)
126 (50.6)
6 (37.5)

0.365

Education
Under high school, n (%)
College (2-year), n (%)
University (4-year), n (%)
Master’s degree, n (%)
PhD degree, n (%)

52 (9.5)
124 (22.5)
307 (55.8)
54 (9.8)
13 (2.4)

29 (55.8)
62 (50.0)
149 (48.5)
20 (37.0)
4 (30.8)

23 (44.2)
62 (50.0)
158 (51.5)
34 (63.0)
9 (69.2)

0.228

Monthly household income a
Under ₩ 1,000,000, n (%)
₩ 1,000,000–1,990,000, n (%)
₩ 2,000,000–2,990,000, n (%)
₩ 3,000,000–3,990,000, n (%)
₩ 4,000,000–4,990,000, n (%)
₩ 5,000,000–5,990,000, n (%)
₩ 6,000,000–6,990,000, n (%)
₩ ≥ 7,000,000, n (%)

22 (4.0)
32 (5.8)
118 (21.5)
90 (16.4)
84 (15.3)
86 (15.6)
50 (9.1)
68 (12.4)

17 (77.3)
23 (71.9)
68 (57.6)
47 (52.2)
35 (41.7)
39 (45.3)
17 (34.0)
18 (16.5)

5 (22.7)
9 (28.1)
50 (42.4)
43 (47.8)
49 (58.3)
47 (54.7)
33 (66.0)
50 (73.5)
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p-Value

0.891

0.017

0.000 *

Int. J. Environ. Res. Public Health 2020, 17, 4910

Table 1. Cont.
Variable

Total

WDRF 1

WODRF 2

p-Value

Sleep time, mean (SD)

6.77(1.16)

6.77 (1.20)

6.76 (1.13)

0.946

Stress levels
I feel a lot of stress frequently
I feel stress a lot
I feel stress a little
I do not feel stress

57 (10.4
176 (32.0)
281 (51.1)
36 (6.5)

28 (49.1)
84 (47.7)
138 (49.1)
14 (38.9)

29 (50.9)
92 (52.3)
143 (50.9)
22 (61.1)

Melancholy
Yes
No

104 (18.9)
446 (81.1)

55 (52.9)
209 (46.9)

49 (47.1)
237 (53.1)

266 (48.4)
173 (31.5)
77 (14.0)

117 (44.0)
88 (50.9)
46 (59.7)

149 (56.0)
85 (49.1)
31 (40.3)

23 (4.2)

5 (21.7)

18 (78.3)

11 (2.0)

8 (72.7)

3 (27.3)

Sense of belonging
Very strong sense of belonging
A little sense of belonging
Little no sense of belonging
No sense of belonging at all

68 (12.4)
282 (51.3)
163 (29.6)
37 (6.7)

36 (52.9)
141 (50.0)
75 (46.0)
12 (32.4)

32 (47.1)
141 (50.0)
88 (54.0)
25 (67.6)

Sense of pride
Very strong sense of pride
A little sense of pride
Little no sense of pride
No sense of pride at all

41 (7.5)
163 (29.6)
259 (47.1)
87 (15.8)

27 (65.9)
82 (50.3)
124 (47.9)
31 (35.6)

14 (34.1)
81 (49.7)
135 (52.1)
56 (64.4)

PHQ-9
PHQ-9 score 0-4 (minimal)
PHQ-9 score 5–9 (mild)
PHQ-9 score 10–14 (moderate)
PHQ-9 score 15–19
(moderately severe)
PHQ-9 score 20–27 (severe)

0.713

0.268

0.004

0.174

0.012

Notes: 1 WDRF: with disaster relief fund; 2 WODRF: without disaster relief fund; a South Korean 10.000 won (USD
1 = KRW 1203.00). The p-values were calculated from chi-square tests and t-tests, as appropriate. * Significant
difference noted in the comparison between four groups (p < 0.05).

Table 2 includes a descriptive statistics analysis to determine the sleep time, stress level, melancholy
and depression prevalence, sense of belonging, and sense of pride among Daegu citizens before and
during COVID-19. Looking at the results, it was found that in 2016, the sleep time was at 6.6 h in 2016
and 6.8 h in the case of COVID-19. The stress level was 23.3% in 2018 and 42.4% with the current
COVID-19. The depression was at 3.4% in 2018 and at 18.9% during COVID-19. The prevalence of
depression was 1.9% in 2018 and 5.8% as of the emergence of COVID-19.
For the sense of belonging as a citizen of Daegu, “Very strong sense of belonging” was the lowest,
at 5.9% in 2018—as of COVID-19, it was 12.4%. “A little sense of belonging” was at 47.2% in 2018, and
51.3% as of COVID-19. “Little no sense of belonging” was at 36.9% in 2012 and 2016, and 29.6% during
COVID-19. “No sense of belonging at all” was at 2.0% in 2012, and 6.7% with COVID-19. Regarding
pride, the “Very strong sense of pride” response was the lowest, at 5.6% in 2016 and currently at 7.5%
during COVID-19. “A little sense of pride” was at 39.8% in 2018, and 29.6% during COVID-19. “Little
no sense of pride” was at 43.0% in 2016, and COVID-19 responses were at 47.1%. Lastly, “No sense of
pride at all” had 3.2% in 2012 and 15.8% with COVID-19.
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Table 2. The mean and standard deviation (SD) of the mental health indicators, sense of belonging,
and pride among Daegu citizens before and during COVID-19 (n = 550).
Items

2012

2014

2016

2018

COVID-19

Sleep time (hours), mean (SD)
Stress levels, % (n)
Melancholy, mean (SD)
Depression prevalence, mean (SD)

6.7
27.2
5.6

6.7
26.0
5.4

6.6
26.6
4.9

6.7
23.3
3.4
1.9

6.8 (1.16)
42.4 (233)
18.9 (0.39)
5.8 (5.05)

Sense of belonging
Very strong sense of belonging, % (n)
A little sense of belonging, % (n)
Little no sense of belonging, % (n)
No sense of belonging at all, % (n)

9.9
51.2
36.9
2.0

8.3
49.2
38.7
3.8

7.1
50.8
36.9
5.2

5.9
47.2
41.2
5.8

12.4 (68)
51.3 (282)
29.6 (163)
6.7 (37)

Sense of pride
Very strong sense of pride, % (n)
A little sense of pride, % (n)
Little no sense of pride, % (n)
No sense of pride at all, % (n)

7.7
47.2
42.0
3.2

7.5
43.0
45.5
4.1

5.6
45.8
43.0
5.6

5.9
39.8
48.0
6.3

7.5 (41)
29.6 (163)
47.1 (259)
15.8 (87)

Table 3 shows the independent t-test to determine whether each parameter showed differences
according to provision of the disaster relief fund. It shows that all parameters exhibited differences
between the presence and absence of the fund (sense of pride: t = 3.06, p = 0.002; sense of belonging:
t = 2.01, p = 0.045).
Table 3. The differences between presence and absence of the national disaster relief fund (n = 550).
Items
PHQ-9, mean (SD)
Depression
prevalence *
Stress levels *
Melancholy *
Sense of belonging
Sense of pride

Mean (SD)
WDRF 1
WODRF 2
(n = 264)
(n = 286)

Effect Size

t-Value

p-Value

1.85 (0.97)

1.74 (0.95)

0.12

1.40

0.163

1.67 (0.57)

1.62 (0.55)

−0.09

1.01

0.312

2.52 (0.76)
1.79 (0.41)
2.76 (0.74)
2.39 (0.83)

2.55 (0.78)
1.83 (0.38)
2.62 (0.80)
2.18 (0.80)

−0.04
−0.10
0.17
0.26

−0.45
−0.10
2.01
3.06

0.650
0.269
0.045
0.002

Notes: p-values were analyzed using the independent t-test. 1 WDRF: with disaster relief fund; 2 WODRF: without
disaster relief fund. * Depression prevalence, stress levels, and melancholy each showed no significant difference.

The independent t-test to determine whether each parameter showed differences, according to
provision of the disaster relief fund, showed that none of the parameters showed a difference between
presence and absence of the fund, with the following results: depression prevalence, t = 1.01, p = 0.312;
stress levels, t = –0.454, p = 0.650; and melancholy, t = –0.106, p = 0.269.
4. Discussion
This study aimed to investigate whether COVID-19 had led to differences in the sense of regional
belonging, pride, and mental health among the citizens of Daegu, and to analyze the differences based
on the presence or absence of the national disaster relief fund. The findings are discussed as follows.
First, the sense of regional belonging was found to have increased after COVID-19 when compared
to the time before. Daegu was pointed out as the source of the explosive spread of COVID-19 by the
general public, who criticized the citizens of Daegu and posted various expressions of hate on online
portal sites and communities, holding them responsible for the COVID-19 outbreak incessantly [36].
Such accusations and discriminating behaviors from people in other regions are thought to have led to
the increased sense of belonging among the people of Daegu. In the same context, as the people in other
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regions blamed the citizens of Daegu, the increased social sharing among the local residents enhanced
the regional identity, and subsequently, the regional belonging. Daegu has endured a number of
disasters in the past, such as a gas explosion and metro fire, and in each case, the disaster was overcome
by the united efforts of the citizens [37]. This is presumed to be the reason behind the increased sense
of regional belonging among the citizens of Daegu after COVID-19.
Individuals who received the national disaster relief fund were found to have higher awareness
of regional belonging. Financial difficulties in households are being relieved by the disaster relief
fund provided by the government [38]. It is thus presumed that the fund is financially aiding small
business owners and socially disadvantaged groups to help them overcome the difficult time [39],
and individuals who received the fund are consequently showing higher awareness of regional
belonging [40]. The disaster relief fund was reported to have a positive influence on the quality of life
of the working poor and people with disabilities, who are able to make less than half their original
profits owing to the COVID-19 outbreak [41]. Thus, in a prolonged national disaster situation, as is the
case of COVID-19, with consequently reduced social and economic activities, providing the national
disaster relief fund to citizens, starting with small business owners and the socially disadvantaged,
was found to have led to higher awareness of regional belonging among the citizens. Such an increase
in regional belonging is likely to strengthen the solidarity among local residents, and the resulting
social unity would help the citizens overcome the difficult situation, based on the strong confidence
regarding the region, in case of a national disaster in the future.
The regional pride among the citizens of Daegu was shown to have decreased from 2018 after
the arrival of COVID-19. This finding contradicts a previous study [42]. It has been reported that
the number of additional confirmed patients have substantially decreased in Daegu, Korea—a city
that had faced the first phases of COVID-19 outbreak outside China. In reality, however, Daegu is
viewed by its citizens as a city where such a social difficulty or disaster may occur again at any time,
even though might have overcome the COVID-19 situation, which consequently led to the fall in their
regional pride.
This study shows that individuals who received national disaster relief funds had a higher level
of pride. According to a previous study, the people of Daegu show high levels of unity, justice,
and resourcefulness [43]. This is thought to have increased an already high level of regional pride
among the citizens when the national disaster relief fund was provided. Thus, based on an already
high level of regional pride, the sense of community among the citizens of Daegu is likely to have
increased, and the fund is thought to have further increased their regional pride. Thus, the national
disaster relief fund provided to the citizens of Daegu has led to trust towards the region, owing to
regional characteristics like conservative ideas, loyalty, and exclusivity; such trust may serve as the
basis for communication among local residents, which would help characterize Daegu as a city that
can overcome any disaster in the future.
The rate of experiencing melancholy and depression among the citizens of Daegu after COVID-19
was shown to have increased. In addition, no significant difference was found for these parameters
with respect to provisions of the disaster relief fund, based on the results of the t-test. This indicates
that the presence or absence of the fund did not have a significant impact on people’s mental health,
and that COVID-19 itself is presumed to have had a negative influence on the mental health of the
citizens. Hence, the reduced mental health compared to the past is thought to have resulted from
the social isolation, staying indoors, and altered daily activities caused by COVID-19. Indicators
such as melancholy, depression, and anxiety among the citizens of Hong Kong after COVID-19
showed far higher values than the time before, which is consistent with the results in this study [28].
The continuous increase in the level of melancholy due to COVID-19 among Daegu citizens has even
led to coining of the term “Corona Blues”, combining the coronavirus and melancholy (blues) [44].
The level of melancholy is thought to have increased in line with the increased anxiety among Daegu
citizens, due to the rapid spread of COVID-19, which once led to as high as 741 confirmed patients a
day. The social distancing from friends and family due to COVID-19 has led many people to suffer
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from melancholy [45]. In addition, the changed economic and social values and relationships after
COVID-19 are exerting an influence on the psychological stress in people [46]. The findings of these
previous studies were partially in agreement with those of the present study. Uncertain situations
about COVID-19 have resulted in increased stress and anxiety about not maintaining daily life [47].
In the future, therefore, when a focused disaster situation occurs in a single city as in the case of Daegu,
various methods should be sought to reduce the levels of melancholy and stress among the citizens
for their mental health care through the use of different media, including phone and the internet,
or through a national program developed for the emotional stability of the citizens.
This study has several limitations, as follows. First, the data of the study were gathered online with
the use of a professional survey company. For this reason, the way of responding might be influenced
by using a computer and computer skills. Second, this is a cross-sectional study, which means it is
impossible to observe temporary changes in respondents’ sense of belonging, pride, and mental health.
Third, the study results cannot apply to other regions and groups in Korea for generalization. Fourth,
although giving national disaster relief funds may influence a sense of belonging and pride, these can
be boosted by more diverse psychological and social factors. That is why it is impossible to generalize
the levels of a sense of belonging and pride revealed in this study.
5. Conclusions
This study examined the differences in the sense of regional belonging, pride, and mental health
among the citizens of Daegu, due to COVID-19, between the times before and after COVID-19, and
based on the presence or absence of the national disaster relief fund.
The level of regional belonging among the citizens increased after COVID-19, but the level of
pride decreased. Regarding differences according to provision of the national disaster relief fund,
all parameters of belonging and pride significantly increased among individuals who received the
fund. This was thought to be due to the enhanced regional identity, based on the characteristics of
Daegu citizens, which involve conservative ideas, local patriotism, loyalty, exclusivity, and faithfulness,
combined with the social convention to overcome a difficult situation together. Therefore, in a
challenging national situation, providing the disaster relief fund to the citizens is anticipated to raise
the sense of regional belonging and pride to enhance regional identity and elicit communication among
local residents, whereby the challenge can be overcome.
Furthermore, the citizens of Daegu were found to have experienced melancholy more frequently
after COVID-19, and the depression prevalence was also higher compared to the time before COVID-19.
In line with this, to protect the mental health of individuals in a national disaster, such as COVID-19,
every local government should take initiatives to enhance the mental health of the citizens, and in a
narrower sense, a way to enhance the mental health should be sought through the provision of aids to
each household, so that the family members can acquire emotional stability.
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Abstract: People with existing non-communicable diseases (NCDs) are particularly vulnerable to
health risks brought upon by emergencies and disasters, yet limited research has been conducted on
disease management and the implications of Health-EDRM policies that address health vulnerabilities
of people with NCDs during the COVID-19 pandemic. This paper reports the baseline findings of an
anonymous, random, population-based, 6-month cohort study that aimed to examine the experiences
of people with NCDs and their relevant self-care patterns during the COVID-19 pandemic. A total of
765 telephone interviews were completed from 22nd March to 1st April 2020 in Hong Kong, China.
The dataset was representative of the population, with 18.4% of subjects reporting at least one NCD.
Results showed that low household income and residence in government-subsidized housing were
significant predictors for the subjects who experienced difficulty in managing during first 2 months
of the pandemic (11% of the NCD patients). Of those on long-term NCD medication, 10% reported
having less than one week’s supply of medication. Targeted services for vulnerable groups during a
pandemic should be explored to support NCD self-care.
Keywords: Health-EDRM; non-communicable disease; COVID-19; self-care; NCD management;
home care; early phase of pandemic

1. Introduction
People with existing non-communicable diseases (NCDs) are particularly vulnerable to health
risks brought upon by emergencies and disasters [1]. People who suffer from chronic diseases, such as
cardiovascular disease, chronic lung disease, and diabetes, are more vulnerable to disruption and
stress induced by disasters. A significant proportion of mortality in post-disaster phases results from
the failure of health care services to cater to the needs of patients with chronic diseases [2].
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The Health emergency and disaster risk management (Health-EDRM) framework emphasizes
prevention and risk mitigation through hazard and vulnerability reduction, disaster preparedness,
and response and recovery measures [3]. As the presence of NCDs are reported to be associated with
worse outcomes of the COVID-19 disease, [4–6] strengthening NCD self-care and disease management
during the pandemic could mitigate the health harm caused by COVID-19. In addition to the
maintenance of healthy behaviours (e.g., regular exercise, personal hygiene), NCD patients should
continue their regular medication and are recommended to stockpile at least one-month’s supply
of medication during the pandemic [7]. Ironically, some of the infection control measures, such
as lockdowns, and the reallocation of healthcare resources to handle COVID-19 cases, have posed
challenges for maintaining care among NCD patients.
The impact of COVID-19 on NCD management has caused global concerns, and the European
WHO Regional Office has begun devising recommended actions for people with NCDs during this
pandemic [8]. However, research on the status and disease management of NCD patients in the
context of COVID-19 remains very limited. This study examines the situation of people with NCDs,
their disease management difficulties, and household supply of medication during the early phase of
the pandemic. The most vulnerable NCD patient subgroups were identified and discussed.
2. Materials and Methods
This is an anonymous, random, population-based, 6-month cohort study. This report highlights
findings of the baseline data collection (22nd March to 1st April 2020). Participants were recruited
through computerized random digit dialing (RDD). Stratified sampling was used to ensure that
the dataset was representative of the Hong Kong general population in terms of age group, gender,
and district of residence. Details of the methodology were reported in our previous study [9],
which investigated the perception, attitude and preparation for the COVID-19 epidemic among the
Hong Kong population. Data were collected in Hong Kong, a southern metropolis in China, and the
health services delivery was in an urban setting.
The study population included those aged 18 years or above and residing in Hong Kong.
Socio-demographic data (age, gender, household income, employment status, housing type) and details
of NCD patients’ disease management situation (presence and types of chronic condition(s), healthcare
services utilization, routine care requirements) were collected by a standardized questionnaire.
Participants were also asked about their past medical history and whether their family members had
chronic condition(s). An NCD was defined as a self-reported, existing, chronic condition through the
questions “Do you suffer from any form of chronic disease?” and “Which type of the chronic disease(s)
are you diagnosed”. Households reporting at least one member with an NCD were asked if they had
at least one week’s supply of NCD medications at home during the COVID-19 pandemic. In addition,
they were further asked whether the COVID-19 pandemic had caused difficulty to their usual NCD
care and the nature of these difficulties [9].
Differences between participants with and without perceived difficulty in their usual NCD care
during the COVID-19 pandemic were examined by Chi-square tests and Fisher’s exact tests (α = 0.05).
Respondents gave verbal informed consent and the study was approved by the Survey and Behavioral
Research Ethics Committee at The Chinese University of Hong Kong (SBRE-19-498).
3. Results
Our telephone survey reached 765 households, and the final response rate was 44.0% (765/1738).
Our sample was comparable to the Hong Kong general population [9]. Of all the households
interviewed, 31.5% reported the presence of at least one person in the household diagnosed with an
NCD, and among them, 9.1% reported not having at least one week’s supply of NCD medications at
the time of phone interview.
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Of all the participants, 18.4% (n = 141) reported having at least one type of NCD, and approximately
5% (or 27% of these patients) reported more than one type of NCD. Approximately 44.7% of these
NCD patients were aged 65 or above. The most commonly reported NCDs were hypertension (48.6%),
diabetes (22.1%), cardiovascular diseases (16.4%), and hyperlipidemia (10.0%). Of NCD patients,
nearly four-fifths (n = 110) had required medication(s) for their condition.
Around 11% of participants with NCDs reported difficulty in their routine NCD care, with
the most common reasons being difficulty in getting to medical consultations/follow-up visits
during the pandemic (62.5%) and difficulty in purchasing supplies, such as face masks and hand
sanitizers, during this period (56.3%) (Figure 1). Among participants who reported difficulties in
NCD management, those with lower income and those living in government-subsidized housing were
more likely to perceive difficulties in NCD management (Table 1), while no statistically significant
differences were noted for other demographic variables. The results also revealed no statistically
significant difference between participants with different types of NCD or between patients with one
NCD versus multiple NCDs.

Figure 1. Difficulties reported by study samples for non-communicable diseases (NCD) management
during COVID-19 pandemic (n = 16).
Table 1. Perceived difficulties for NCD management by sociodemographic factors during the
COVID-19 pandemic.
Perceived No Difficulty (n = 125)

Perceived Difficulty (n = 16)

Male

48.8%

37.5%

Female

51.2%

62.5%

p-Value
0.394

Gender

Age a

0.307

18–24

3.2%

0.0%

25–44

7.2%

18.8%

45–64

45.6%

31.3%

65 or above
–

44.0%

50.0%

–
–
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Table 1. Cont.
Perceived No Difficulty (n = 125)

Perceived Difficulty (n = 16)

Education attainment a

0.087

Primary level or below

14.5%

18.8%

Secondary level

54.0%

75.0%

Tertiary level

31.5%

6.3%

Not living alone

85.6%

100.0%

Living alone

14.4%

0.0%

Living alone a

0.224

Employment group a

0.289

White collar

24.2%

6.3%

Blue collar

14.5%

31.3%

Housewives

20.2%

25.0%

Students

1.6%

0.0%

Unemployment or retired

39.5%

37.5%

Housing type a

0.012 *

Public housing

32.0%

18.8%

Government subsidized housing

10.4%

31.3%

Private housing

57.6%

43.8%

Others

0.0%

6.3%

22.8%

12.5%

Monthly h ousehold income (HK$)

p-Value

a,b

< 8000

0.018 *

8000–19999

25.4%

62.5%

20000–39999

20.2%

18.8%

31.6%

6.3%

40000 or more
a

Fisher’s exact test.

b

USD = 7.8 HKD. * p < 0.05.

4. Discussion
In our study, we found that around one-fifth of the Hong Kong population reported to have NCDs.
Among those NCD patients, lower household income and residing in government-subsidized housing
were found to be significantly associated with difficulty in NCD management during the first two
months of the pandemic. In addition, households with NCD patients were reasonably well-prepared in
terms of medication stockpiling during the COVID pandemic in Hong Kong, with over 90% possessing
at least a week’s supply of drugs. Moreover, all public outpatient clinics were open during COVID-19
with enhanced infection control measures, and allowed relatives/friends to obtain drugs for NCDs on
the patients’ behalf. Nonetheless, nearly one in ten NCD patients were insufficiently prepared with
their medication supply.
Previous studies indicated that social distancing and quarantine could result in poor management
of NCD behavioral risk factors, including various unhealthy lifestyle habits [10]. In particular, reduced
social interaction, uncertainty in economic situations, and changes in the activities of daily living could
further worsen disease management among NCD patients [8]. While only about 11% of the NCD
patients in this study reported perceived difficulties in managing their NCD during the pandemic,
the results indicate the pandemic disrupted access to NCD clinical care, possibly due to services/traffic
interruption and difficulties arising from rescheduling of routine check-ups. NCD patients of lower
income and those living in government-subsidized housing were significantly more likely to perceive
difficulty in NCD management during the pandemic, indicating that material resources may be major
barriers to care. A possible reason may be that since the willingness to wear face masks to prevent
infection transmission in Hong Kong is high (e.g., around 90% of Hong Kong residents wore mask
during the A/H5N1 avian influenza period in 2007 and A/H1N1 influenza period in 2009 [11]), it is
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not surprising that the most commonly reported difficulties for NCD care are getting to medical
consultations/follow-up visits and purchasing medical supplies, given the soaring price of face masks
in the first few months of the pandemic [12]. Thus, NCD patients should thereby receive more
targeted services to facilitate their NCD self-care during a pandemic. Further studies, in particular on
telemedicine, can investigate interventions to minimize such NCD management interruptions [13].
Health-EDRM concerns the analysis and management of health risks through reduction in hazard,
exposure and vulnerability in every phase of the disaster management cycle [14]. Resilience-building is
a key concept for minimizing the health risks of older people and chronic disease patients, and could be
built through empowerment initiatives to improve their health outcomes. Self-care by the population
concerned should also be promoted. For chronic disease patients, they should have adequate knowledge
on how to use their medication (e.g., type of insulin used, insulin self-injection kit with instructions).
For people with multiple drug prescriptions, it would be important for them to identify the critical,
life-maintaining ones, and the key contraindications of their regular medications. In the event that
health facilities and medical supplies are interrupted, it is important for chronic disease patients to
stockpile, preferably, a 10–14 days’ supply of medications [15]. Moreover, extensive effort is required
to promote emergency preparedness among chronic disease patients, as a systematic review published
in 2014 found that a considerable number of chronic disease patients lost their medication and medical
aids during evacuation. Many did not bring prescriptions with them when evacuated, which made it
difficult to fill in prescriptions, and that medication and prescription loss posed a significant burden
on the medical relief teams [16]. Community partnership is crucial, and health care workers who are
involved in disaster response and relief should be sensitive in choosing the most appropriate NCD
health interventions (e.g., adverse drug interactions, unsuitable diets for people with diabetes [17]) to
support patients during extreme events.
There were some limitations of this study. For the question of NCD medication stockpiling, since
the interview could be answered by the patient’s family members, the accuracy could be undermined
by recall bias. In addition, the sample size of the chronic disease patients was very small and did
not permit multivariable analysis. Although the results provided some initial insight into NCD
healthcare needs and service gaps in a region that was affected by the early phase of the COVID-19
pandemic, the representativeness of the NCD subsample to the general population of NCD patients is
unknown. The results should therefore be taken with caution, and future studies need to capture a
larger, representative sample of NCDs patients for examination. In order to capture a representative
sample of NCD patients with high quality data, a future study should be conducted by randomly
sampling NCD patients from patient lists (which provides investigators with documentation of the
clinical diagnoses and prescribed medications). These patients can be followed periodically during the
epidemic in order to track changes in their healthcare needs and service gaps in the early and later
phases. The time effect of self-reported disease management patterns will be examined in the second
phase of data collection. Future studies should also examine the impacts of large-scale pandemics and
public health emergencies on long-term NCD management.
5. Conclusions
This study examines the disease management difficulties faced by NCD patients during the early
phase (first 2 months) of the COVID-19 pandemic and identified the most vulnerable NCD patient
subgroups in an urban context. Study findings indicated low household income and residence in
government-subsidized housing were found to be significant predictors among the 11% who reported
difficultly in managing during first 2 months of the pandemic. Of those on long-term NCD medication,
10% reported having less than one week’s supply of medication. Targeted services for vulnerable
groups during a pandemic should be explored to facilitate resilience-building in Health-EDRM and to
enable better self-care for people with NCDs.
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Abstract: Climate change is expanding the global at-risk population for vector-borne diseases
(VBDs). The World Health Organization (WHO) health emergency and disaster risk management
(health-EDRM) framework emphasises the importance of primary prevention of biological hazards
and its value in protecting against VBDs. The framework encourages stakeholder coordination and
information sharing, though there is still a need to reinforce prevention and recovery within disaster
management. This keyword-search based narrative literature review searched databases PubMed,
Google Scholar, Embase and Medline between January 2000 and May 2020, and identified 134
publications. In total, 10 health-EDRM primary prevention measures are summarised at three levels
(personal, environmental and household). Enabling factor, limiting factors, co-benefits and strength of
evidence were identified. Current studies on primary prevention measures for VBDs focus on health
risk-reduction, with minimal evaluation of actual disease reduction. Although prevention against
mosquito-borne diseases, notably malaria, has been well-studied, research on other vectors and VBDs
remains limited. Other gaps included the limited evidence pertaining to prevention in resource-poor
settings and the efficacy of alternatives, discrepancies amongst agencies’ recommendations, and
limited studies on the impact of technological advancements and habitat change on VBD prevalence.
Health-EDRM primary prevention measures for VBDs require high-priority research to facilitate
multifaceted, multi-sectoral, coordinated responses that will enable effective risk mitigation.
Keywords: health-EDRM; primary prevention; vector-borne disease; biological hazards; climate
change; narrative review

1. Introduction
Vector-borne diseases (VBDs) are viral, parasitic and bacterial illnesses transmitted to humans
through vectors such as mosquitoes, sand flies and ticks. Common VBDs affecting human health
include malaria, yellow fever, dengue, Zika, chikungunya, Lyme disease, tick-borne encephalitis,
163

Int. J. Environ. Res. Public Health 2020, 17, 5981

leishmaniasis and African trypanosomiasis [1]. The complacency towards and reduced emphasis on
vector control [2] and the redirection of health resources, together with population growth, urbanisation
and globalization, have contributed to the increased frequency of VBD outbreaks in tropical areas of
the world in the past decade [2]. With the impact of climate change on ecological and human living
environment, the burden of VBDs has expanded from tropical and subtropical areas to temperate
regions, placing 80% of the world’s population at risk [3]. This shift in the human vulnerability profile
has been attributed to rising temperatures, which favour the migration and geographical expansion
of disease vectors [4]. Furthermore, altered precipitation patterns favour larval breeding and have
accelerated VBD spread [5]. Contact patterns between humans and pathogens, vectors or hosts may
also be altered by climate change in an unpredictable manner [4]. Increased occurrences of natural
hazards, such as floods and cyclones, pose a further risk of VBD outbreaks [4]. Geographical areas that
were previously unaffected are now facing growing risks [6,7], but are often underequipped in disaster
prevention, preparedness and response capacities.
The World Health Organization (WHO) estimates that VBDs currently account for over 17% of
the global burden of infectious diseases [1]. As indicated in the Global Burden of Disease Study [8],
VBDs have substantial disability weights [9] and can be detrimental to the socioeconomic development
of communities. Malaria is a disease which accounts for more than 50% of total deaths caused by
VBD [10], and high-risk countries have on average a gross domestic product per capita growth that is
over five times lower than countries not affected by the disease [11]. The economic burden of VBDs
stems from increased household expenditure on disease prevention and management, lost income
from minimised productivity due to sickness or care for the ill [3], damages to crops and livestock by
disease vectors [2], and other impacting factors. The United Nations Sustainable Development Goals
(SDG) emphasise good health and well-being (SDG 3) [12]. Collaborative initiatives and investments
prioritising prevention and treatment research by international bodies in recent decades, such as efforts
by the Global Fund [13], have contributed to the alleviation of the global disease burden induced by
VBDs [10].
The WHO health-emergency and disaster risk management (health-EDRM) framework was
developed in 2018 as an integrated approach for the utilisation and management of resources in
addressing current and emerging risks to public health, with the aim of promoting joint action and
coherence in implementing other global strategies such as the International Health Regulations (2005),
the Sendai Framework for Disaster Risk Reduction 2015–2030, the Paris Agreement on Climate Change,
and the Sustainable Development Goals 2015–2030 [14]. Overall, the framework guides the structured
analysis and management of health risks brought on by emergencies and disasters, focusing on
risk mitigation through hazard and vulnerability reduction, preparedness, response, and recovery
measures [14,15]. Health-EDRM emphasises the significance of community involvement to mitigating
and counteracting the potential negative impacts of hazardous events such as VBD outbreaks, which
are considered biological hazards [14].
The concept of prioritising health in disaster risk management policies was already recognised
in the Sendai Framework for Disaster Risk Reduction 2015–2030 [16]. Health actors at all levels
have engaged with each other and the WHO in the implementation and monitoring of disaster risk
reduction. WHO offices at the regional level, and country governments, have incorporated disaster
risk management policies in the health sector, which is an important step in contextualising actions
for implementation [17]. The Sendai Framework has been crucial in highlighting health as a core
dimension of disaster risk management, and has paved the way for the establishment of the WHO
Health-EDRM Research Network, strengthening research and knowledge-sharing globally, allowing for
the enhancement of evidence-based policies and practices [17]. There is a crucial need for multi-sectoral,
coordinated approaches between the countries’ governments, health systems and other stakeholders,
especially in the area of recording and reporting against the framework [17]. Additionally, systems
need to reinforce the recognition of prevention and recovery within disaster management [17].
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The health-EDRM framework outlines a hierarchisation of health risk prevention into primary,
secondary and tertiary prevention [14,18]. Primary prevention mitigates against the onset of disease
through health promotion targeted at behavioural modification and health risk reduction. Secondary
prevention involves inhibiting disease progression through strategies such as screening and early
detection. Tertiary prevention focuses on treatment and rehabilitation in order to minimise disabilities
and complications [18,19]. Taking into consideration financial, clinical and infrastructural costs, primary
prevention can effectively alleviate the burden of VBDs in a community, if necessary through measures
that address a wide spectrum of VBDs, such as targeting diseases transmittable through multiple
vectors [20] or focusing on vectors that are capable of transmitting multiple diseases [1]. Primary
prevention measures often offer the most cost-effective outcomes and enhance health protection through
increased community resilience against diseases where treatment is unavailable or access to healthcare
is complicated. Secondary and tertiary prevention measures require significant human resources and
health infrastructural support, and may therefore be costly, with higher programmatic risks, causing
further economic stress on impacted communities.
There is a large amount of available evidence and research concerning clinical treatment approaches
to some VBDs, such as Malaria. However, other VBDs, such as dengue, chikungunya, tick-borne
encephalitis, Japanese encephalitis, yellow fever and leishmaniasis, lack standardised or straightforward
treatments, and rely primarily on therapeutic interventions built on symptom management [21]. There
are ongoing clinical trials in these areas, such as vaccine development for Zika and chikungunya,
research into rapid malaria tests, as well as drug trials for chikungunya [22].
This narrative literature review examines published evidence on health-EDRM primary prevention
measures for VBD risk mitigation, maps the contextual effectiveness or limitations of each preventive
measure, and aims to identify areas of research that need be strengthened in order to develop effective
strategies for VBD prevention. The strength of the available scientific evidence is evaluated for each of
the prevention measures. Based on the health-EDRM framework, which emphasises the context-based
determination of intervention efficacy, analysis of enabling and limiting factors is also included for
each measure [14].
2. Materials and Methods
A keyword search-based narrative literature review was conducted using the databases PubMed,
Google Scholar, Embase, Medline and ScienceDirect. The search was conducted in May 2020 and
included English language-based international peer-reviewed articles, online reports, electronic books
and press releases, as well as grey literature by institutions such as the WHO, the United Nations, the
Global Fund, the United Nations Children’s Fund, the International Energy Agency, the World Bank,
the United States Centres for Disease Control and Prevention, the U.S. Food and Drug Administration,
and the Hong Kong Centre for Health Protection, published between January 2000 and May 2020. The
snowballing search methodology was also applied. Specific keywords and phrases used can be found
in Appendix A. The emergence, primary prevention, associated risk factors and management of VBDs
were reviewed in order to generate 10 core primary prevention measures for discussion.
With reference to the Oxford Centre for Evidence-Based Medicine (OCEBM) 2009 Levels of
Evidence (Figure 1) criteria, the identified papers were categorised into their respective levels according
to strength of evidence based on the study design and methodology [23]. Reviewed literature that could
not be categorised using the OCEBM Levels of Evidence was classified as ‘Others’, which includes, but
is not limited to, news articles or releases, books, textbooks, position papers, guidelines, case reports
and organisational reports.
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Level
1a
1b
1c
2a
2b
2c
3a
3b
4
5

Therapy/Prevention, Aetiology/Harm
Systematic Review (SR) (with homogeneity) of Randomised Controlled Trials (RCTs)
Individual RCT (with narrow Confidence Interval)
All or none
SR (with homogeneity) of cohort studies
Individual cohort study (including low quality RCT; e.g., <80% follow-up)
‘Outcomes’ Research; Ecological studies
SR (with homogeneity) of case-control studies
Individual Case-Control Study
Case-series (and poor-quality cohort and case-control studies)
Expert opinion without explicit critical appraisal, or based on physiology, bench research
or ‘first principles’

Figure 1. The Oxford Centre for Evidence-Based Medicine (OCEBM) 2009 Levels of Evidence (adapted
from www.cebm.net) [23].

3. Results
The search identified 134 relevant publications, all of which were included in the results analysis.
Using the identified research, 10 core bottom-up primary prevention measures were proposed
and discussed based on the health-EDRM framework. Five personal protection practices (wear
protective clothing when outdoors, avoid heading outdoors to vector-prone areas and during peak
biting conditions, apply insect repellent, sleep under bed nets, receive prophylactic vaccinations and
chemoprophylaxis), three environmental management practices (use insect-killing traps, manage
stagnant water appropriately, manage waste appropriately), and two customary household practices
(minimise household entry points, cover exposed foodstuffs) were included. Tables 1 and 2 (personal),
Table 3 (environmental) and Table 4 (customary household) highlight relevant health risk, desired
behavioural change, potential co-benefits, enabling and limiting factors, alternatives, and strength
of evidence available in published literature with regard to these primary prevention measures.
Table 5 categorises all 134 reviewed publications according to the OCEBM Levels of Evidence [23]. Of
note, a number of the reviewed articles report an assessment of more than one primary prevention
measure. The review results indicate that approximately 60% of the studied literature relate to personal
protection, 24% to environmental management, and merely 16% focus on customary household
practices. Measures such as outdoor avoidance, sleeping under bed nets and receiving prophylactic
vaccinations and chemoprophylaxis are amongst the most commonly reported studies. Details on the
precise breakdown of each reviewed reference can be found in Table S1.
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Table 1. Personal Protection Practices as Health Emergency and Disaster Risk Management (Health-EDRM) Primary Prevention Approaches against Vector-borne
Diseases (VBDs) (Part 1).
Avoid Heading Outdoors to Vector-Prone Areas and During Peak Biting Conditions

Wear Protective Clothing When Outdoors

Parametres

Vector-Prone Areas

Peak Biting Conditions
•

•

Risk
•

•

167

Behavioural Change

•
•
•

Disease vectors have landing preferences for exposed skin over
fabric. This is evident in studies on the Human Landing Catch
(HLC) technique—HLC participants wear protective clothing to
limit the area of exposed skin that attracts vectors [24].
There is often a greater risk of VBD transmission outdoors
compared to indoors, as seen for malaria [25], chikungunya [26],
and tick-borne disease transmission [27].

Wear protective clothing, long-sleeve tops, and long trousers to
minimise skin exposure and create a physical barrier against bites
from vectors such as mosquitoes [31] and ticks [35].
Wear light-coloured clothing [21].
Wear loose-fitting and tightly-woven clothes to avoid vector bites
through the clothing when it is pulled tight to the skin [36].
Tuck trousers into socks and boots to further reduce skin
exposure. Seal clothing junctions with adhesive tape as an
additional precaution under extreme infestation pressure [36].

•

Specific locations such as secondary
forests and rubber plantations are at
a high risk of VBD transmission,
such as dengue and Japanese
encephalitis [28].

•

•
•

Avoid vector-prone or
VBD-endemic areas if possible
[21,31,36,37].

•

•
•
Co-benefit(s)
•

Protects skin from sun exposure and lowers risk of sunburn
[38,39].
Protects skin from scratches and infections [39].

•

Reduces hazardous risks such as
tiger [40] and bear [41] attacks in
rubber plantations and secondary
forests respectively.

•

•

•
Enabling Factor(s)

•
•

Availability and affordability of protective clothing [46].
Suitability of the weather—cool and dry weather is favourable
where additional clothing is unlikely to cause discomfort.

•

The time of the day and weather influence VBD exposure
risk. Mosquitoes infected with Plasmodium, the parasite
that causes malaria, are most active from dusk to dawn
[29–31].
There are positive correlations between temperature and
the number of dengue [32] and tick-borne encephalitis
[33] transmission incidences, as well as between
temperature, humidity, rainfall and the number of malaria
transmission incidences [34].

Avoid or minimise outdoor activities during hot and
humid seasons, unless necessary [37].
Avoid or minimise outdoor activities during specific
periods of a day, such as from dusk to dawn in
malaria-endemic areas if possible [21,31,36].

Protects individuals from heat exhaustion and further
progression to heat stroke under exposure to high
temperatures [42,43].
Protects individuals from health risks such as increased
cardiovascular disease mortality under exposure to high
humidity [44].
Protects individuals from fall-related injuries, which are
more prevalent during the rainy season [45].

Ability and flexibility to stay indoors for long periods without great discomfort; adequate household
space is favourable.
Ability to make informed decisions on specific local habitats and conditions to avoid; the risk
variability of different environments and the non-exhaustive list of prone areas and peak biting
conditions above should be noted.
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Table 1. Cont.
Avoid Heading Outdoors to Vector-Prone Areas and During Peak Biting Conditions

Wear Protective Clothing When Outdoors

Parametres

Vector-Prone Areas
•
Limiting Factor(s)
and/or Alternative(s)

•
•

•

Lack of protective clothing [46].
Presence of fabric holes in clothing: The holes serve as entry
points for disease vectors to come into contact with skin. Holes
may develop under the attack by fabric pests such as clothes
moth larvae [47].
Unfavourable circumstances: In scorching areas and for
labour-intensive occupations, heavy protective clothing may
cause discomfort or impair human body heat exchange with the
environment and cause heat stress [46,48].

•

•
•
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•
Strength of Evidence

The effectiveness of wearing protective clothing as a physical
barrier against vector bites is well-supported by evidence.
While light-coloured clothing may enhance tick detection [37], it
may also attract more ticks [51] and increase tick-borne disease
risk. Findings on vector landing preferences on this matter are
dated and inconsistent.

•

Peak Biting Conditions

Unfavourable circumstances: Staying indoors for long periods in poor, crowded living environments
such as slums [49] may cause great discomfort.

Occupational limitations: Those
such as farmers and rubber
plantation workers do not have the
flexibility to avoid prone areas.

The positive correlation between
larvae breeding and the extent of
vegetation cover [52] is
well-supported by evidence.
The assertion that rubber latex
collection cups in plantations are
potential breeding sites for common
vectors, especially during the rainy
season [53], is well-researched.

•

Occupational limitations: Those with night shifts such as
security guards and police officers do not have the
flexibility to avoid heading outdoors at night.

•

Unfavourable circumstances: For populations in areas
which are typically sultry (hot and humid), such as the
tropics [50], risk mitigation is more challenging.

•

The negative correlation between humidity and mosquito
desiccation risk, as well as the positive correlations
between temperature and larvae breeding, adult vector
development and virus replication, are well-supported by
evidence [54,55].
The relationship between temperature, humidity, rainfall,
and vector transmission incidences is well-supported
by evidence.
Research on the relationship between time of the day and
peak biting conditions is limited to malaria-transmitting
mosquitoes. Minimal evidence is available on other VBDs
and disease vector types such as ticks and sand flies.

•

•
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Table 2. Personal Protection Practices as Health-EDRM Primary Prevention Approaches against VBDs (Part 2).
Parametre

Apply Insect Repellent
•

Risk

•

•

Behavioural Change
•

•

Sleep Under Bed Nets
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Vector landing rate is an indication of human biting
rate of disease vectors [56], which is positively
correlated with the risk of vector bites and
subsequently VBD transmission.

•

Apply insect repellent on exposed surfaces (skin or
clothing, but not on both simultaneously) in
vector-prone areas, especially when outdoors
[21,31,36,37].
Use repellent containing DEET, a common active
ingredient that repels rather than kills mosquitoes
[59,60] and ticks [61], thus minimising their chance
of landing.
Apply permethrin, another common active ingredient,
to clothing. The chemical retains its effectiveness for
up to six washings [62].
Use roll-on repellents as opposed to sprays [63]; the
former minimises repellent dispersion to nearby
foodstuffs and more effectively concentrates
the repellent.

•
•

•

•
•
•

•
•

No other health co-benefits to note beyond its
intended use.

•
•

Availability and affordability of insect repellents.
Proper education on the correct use of
insect repellents.

Co-benefit(s)

•
•

•
Enabling Factor(s)

•
•

Specific mosquito species tend to have higher biting rates at
night [30].
An overwhelming majority of malaria vector bites occur when
people are in bed [57].
Sleep under bed nets in vector-prone areas [21,37].
Use bed nets, which offer an immediate physical barrier, to
prevent disease vector entrance. Some bed nets are treated with
insecticides, creating an additional chemical barrier to
repel vectors.
Ensure that bed net fabric is not in contact with the user [64]
and no entry points are available for vectors [36].
Check the bed nets for holes, which may severely reduce their
efficacy [64–66].
Select quality bed nets, which is essential to successfully
prevent VBD transmission. Compared to
conventionally-treated bed nets made by regularly dipping into
insecticides [67], long-lasting insecticide-treated bed nets
manufactured in factories have high efficacy and durability.
Thus, the latter is recommended for long-term usage in
vector-prone areas [67,68].
Protects individuals from household pests such as rodents and
cockroaches during sleep [64,71].
Prevents dust from landing on bed sheets and coverings [64].
Provides a sense of security through a closed sleeping
environment, in particular for individuals living in
open shelters.
Availability and affordability [72] of bed nets and related
equipment for bed net hanging: Specific materials such as ropes
and sticks [73] may be required to set up the bed nets.
Availability of space to hang the bed net.
Proper education on the correct use of bed nets [72].

Receive Prophylactic Vaccinations and Chemoprophylaxis
•
•

•

•

The immune status of a population largely influences its
sensitivity to diseases [58].
Immunologically-unprotected populations are particularly
susceptible to infectious diseases [58].

Receive the appropriate and up-to-date vaccine for those living
in or travelling to vector-prone areas [21,37]. Vaccination is a
form of active immunisation achieved through exposing an
unimmunised individual to a pathogenic agent. The immune
system is stimulated, and long-term immunity is achieved
through triggering cell- or antibody-mediated immunity [69].
Receive the appropriate chemoprophylaxis recommended for
those living in or travelling to vector-prone areas.
Chemoprophylaxis is ‘the administration of a drug to prevent
the development of a disease’ [70].

•

Provides individuals with the opportunity to interact with
health workers, access health services, and receive health
education when visiting healthcare units for prophylaxis, in
particular for remote, rural populations living in endemic areas.

•

Availability and affordability of vaccinations
and chemoprophylaxis.
Awareness and acceptance towards vaccinations
and chemoprophylaxis.
Accessibility of adequate and appropriate healthcare services.

•
•
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Table 2. Cont.
Parametre

Apply Insect Repellent

Sleep Under Bed Nets

Receive Prophylactic Vaccinations and Chemoprophylaxis
•

Vaccination hesitancy:
#

•

•
Limiting Factor(s)
and/or Alternative(s)
•

Lack of access to insect repellents: In
resource-deprived areas, other potentially effective
natural alternatives include eucalyptus-based
repellents [74,75], neem [74] and citronella [74].
Potential health hazards: The active ingredients of
insect repellents may cause allergy [76].

•

•

•
•

Lack of access to quality insecticide-treated bed nets: In
resource-deprived areas, basic untreated bed nets, although not
to the same extent, still offer significant protection from vectors
as a physical barrier [77]. They may be constructed at home
using mesh-like materials.
Physical deterioration [64–66]: Damaged bed nets have
significantly reduced efficacies. Proper maintenance of bed nets
is important.
Thermal discomfort [78,79]: Bed nets may attenuate airflow and
cause discomfort to users, especially in hot and humid
areas—this can be overcome with better designs.
Inconvenience: The hanging [72,80] and washing [80] of bed
nets may be considered troublesome.
Complacency: People may underestimate the local severity and
danger of VBDs [80], thus hold a complacent attitude towards
the need for bed nets.

#

#

#

•
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•

People may lack confidence in and be fearful towards
vaccines (e.g., needle phobia), especially with the
misunderstanding that vaccines pose a risk of infection
[81].
Vaccination may go against traditions and beliefs in
specific social contexts or religions [81], such as in
ultra-orthodox Jewish communities [82].
People may underestimate the local severity and danger
of VBDs, thus hold a complacent attitude towards the
need for prophylaxis [81].
People may have a preference for community-perceived
alternatives to vaccines, such as alcohol, religious
prayers and traditional remedies [81].

Lack of access [83] to prophylactic strategies: Inadequate
vaccine supply, poor road terrain and inconvenient transport to
immunisation centres, limited service delivery points, and
insufficient health workers may hamper vaccination rates in
developing countries [84]. Mobile immunisation campaigns
may be preferred to reach poorly accessible areas [81].
Proper health educational interventions [81] and extensive
vaccination programmes are crucial to enhance prophylaxis.
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Table 2. Cont.
Parametre

Apply Insect Repellent

Sleep Under Bed Nets

Receive Prophylactic Vaccinations and Chemoprophylaxis
•

•
•

•

•
Strength of Evidence
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•

•

Compared to other active ingredients in
commercially-available insect repellents, DEET is
well-supported to have a longer duration of efficacy
[85].
Research on the safety of DEET has yielded conflicting
findings. While some studies demonstrate potential
harms such as the pro-angiogenic properties of DEET
[86], others suggest that DEET imposes minimal to no
evident health risks under proper usage [87], even
when applied on vulnerable groups such as children
and pregnant women [88].
Recommendations on the appropriate DEET
concentration are inconsistent across international
organisations and governments. Limited studies
suggest that a higher DEET concentration indicates a
longer duration of effectiveness, yet does not
necessarily indicate higher insect-repelling ability
[60,88]. More extensive research is necessary to
establish a uniform DEET concentration
recommendation across institutions.
The strength of evidence available to support the
efficacy of local natural alternatives is variable and
may be conflicting, as in the case of citronella [74,85].
Local natural alternatives may also be subject to less
stringent safety testing, as in the case of neem, which
may cause dermatitis if used undiluted [74].

•

•

•

The strength of evidence available to support the efficacy of bed
nets is strong.
Bed nets demonstrate high potential for vector bite prevention
in [89] vector-prone areas, such as for dengue and Japanese
encephalitis [71,79]. The introduction of insecticide-treated bed
nets has contributed to the substantial reduction in malaria
transmission across sub-Saharan Africa [90].
Regarding bed net coverage, studies demonstrate that
insecticide-treated bed net use in nearby compounds had a
protective effect for child mortality and other health hazards in
compounds lacking the bed nets, which suggests that high
coverage of bed net use not only provides protection to
individuals, but also has an area-wide effect on the mosquito
population [91]. There is also evidence of the importance of
widespread bed net coverage in the whole population for
equitable community-wide benefits of protecting vulnerable
target groups, such as young children and pregnant women,
rather than merely exclusive bed net coverage amongst the
vulnerable [92].
Bed net efficacy may be compromised under improper usage,
such as incomplete net tucking and bed net sharing [64]. There
is also evidence [64,93] of instances of mosquitoes biting
through insecticide-treated bed nets, especially when users are
in physical contact with the net fabric. There may further be a
reduction in irritancy and toxicity of the insecticide-treated nets
to mosquitoes after they feed on insecticide-treated bed net
users [93], although further research is necessary to fully
support this possibility.

•

•

The strength of evidence available to support the efficacy of
VBD prophylaxis is variable.
Some VBDs such as yellow fever [94,95], tick-borne encephalitis
[96,97] and Japanese encephalitis [98,99] have highly efficacious
vaccines that are well-supported by evidence.
Some VBDs have limited prophylactic strategies available:
#

#

#

RTS,S, the only vaccine against malaria shown to be
protective in young children, has been demonstrated to
prevent 4 out of 10 cases of malaria in clinical trials [83].
Although RTS,S only offers partial protection and is a
supplementary primary prevention strategy [83], pilot
vaccination programmes have been or will be launched
in three countries in sub-Saharan Africa [83,100].
Malaria chemoprophylaxis, especially under long-term
usage, may be associated with health risks, rare
fatalities, adverse drug reactions and inadequacies
[101,102], thus excluding chemoprophylaxis as a safe
option for long-term travellers and populations in
malaria-endemic locations and limiting its
recommended use to short-term travellers [103].
Individualised strategies, such as sequential regimens
with different medications for chemoprophylaxis, will
have to be recommended instead [103]. Besides, vivax
malaria relapses cannot be prevented with current
first-line chemoprophylactic regimens [103].
Dengvaxia, the only U.S. Food and Drug Administration
(FDA)-approved vaccine against dengue fever [104],
demonstrated poor efficacy [105], and may increase the
risk of severe dengue symptoms in seronegative
patients infected for the first time after vaccination,
since it acts like a first dengue infection [105].

Table 3. Environmental Management Practices as Health-EDRM Primary Prevention Approaches against VBDs.
Parametre

Use Insect-Killing Traps

Manage Stagnant Water Appropriately
•

•
Risk

VBDs are transmitted to humans via living organisms
such as mosquitoes, sand flies, and ticks [21].

•

Water bodies and still water are the most common mosquito
larval habitats [52]; their prevalence increases the risk of disease
transmission, as noted for VBDs such as Zika [106],
chikungunya [107], and malaria [108].
Specific disaster occurrences may also increase VBD health
risks. Under climate change, extreme weather events such as
flooding and heavy rainfall may increase habitats for common
vectors [20].

Manage Waste Appropriately

•

•

Accumulation and decomposition of solid waste attracts
common houseflies, especially in areas with no centralised
waste management systems and with open dumpsites [109].
Improper waste disposal augments the risk of VBD outbreaks.
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Table 3. Cont.
Parametre

Use Insect-Killing Traps
•

•

Behavioural Change

•

Use insect-killing traps in areas with high-vector
density [36]. Traps work by attracting and
killing vectors.
Select the appropriate trap for the context. Traps
eliminate vectors by different mechanisms, such as
emitting blue UV-light irradiation to increase reactive
oxygen species production and damage DNA
structures [110], and electrocuting insects on a high
voltage grid.
Dispose of dead insect bodies with care and proper
hygiene such as thorough handwashing with soap
and water after waste handling as they may carry
VBDs and be hazardous.

Manage Stagnant Water Appropriately

Manage Waste Appropriately

•
•
•

•
•

Practice long-term habitual draining and elimination of
stagnant water in containers inside and outside of households
[21,31].
Take note of disaster-associated VBD health hazards in
disaster-prone areas.
Ensure that drinking water is stored in proper, sealed
environments which are free of breeding potential.

•

•

Co-benefit(s)

UV-light traps serve as an alternative light source due
to their luminescent property.

•

•
•

Availability of direct household water supply.
Availability and affordability of tightly-sealed water containers.

•
•

A well-coordinated waste management system [117].
Availability and affordability of waste bags and bins.

•

Lack of water supply: It would be a challenge to avoid stagnant
water accumulation in communities that lack direct household
water supply—for these communities, it is common to store
collected water from community standpipes and rivers [121].
Under such circumstances, tightly-sealed water containers are
recommended for water storage.
Lack of tightly-sealed water containers: For communities with
only open plastic bottles or buckets available for water storage,
larvicides can be added to the stagnant water. It is important to
monitor the safety of the practice and educate people on the
proper usage of larvicides [122].

•

Lack of a well-coordinated waste management system:
Insufficient waste collection points and inadequate waste bins
around the community, especially in developing countries [116]
and resource-deprived areas, serve as barriers to proper waste
disposal [123].

•
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Enabling Factor(s)

Limiting Factor(s)
and/or Alternative(s)

•
•

Availability and affordability of insect-killing traps.
Proper education on the correct use of
insect-killing traps.

•

Lack of electricity: Insect-killing traps often rely on
electricity to function. Taking the case of sub-Saharan
Africa, nearly 600 million people have no access to
electricity [118]. Passive non-electricity-requiring
traps using fipronil-laced honey or toxic honey baits
[119] to kill mosquitoes can potentially serve
as alternatives.
Lack of access to insect-killing traps: In
resource-deprived areas, cheaper alternatives such as
sticky paper traps with adhesive killing mechanisms
can be used. However, their insect-trapping efficacy
may be limited to closed environments such as
greenhouses only [120].

•

Encourages the separation of household waste which eases
landfill burdens and reduces health hazards such as respiratory
diseases and congenital abnormalities associated with
proximity to landfills [115].
Reduces the arbitrary disposal of hazardous household waste
[115].
Reduces surface water and groundwater pollution, air
contamination, and greenhouse gas emissions (e.g., methane)
from open waste dumping sites [116].

Reduces the hazardous risk of slipping due to stagnant water
on flooring [113].
Reduces the risk of mould development which has respiratory
repercussions [114].

•
•

Practice long-term habitual proper disposal of waste [21].
Practice specific waste management strategies such as the
separation of organic and inorganic waste and the disposal of
solid waste in open dumpsites away from water bodies, which
are potential larval breeding grounds [111].
Microbial pathogens are prevalent in accumulated solid waste,
and unprotected handling may result in infected wounds and
sepsis [109,112]. Protect hands with gloves and/or use assistive
tools such as clamps or tongs when handling waste. Wash
hands thoroughly with clean water and soap after waste
handling to minimise infection risk.

•

•
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Table 3. Cont.
Parametre

Use Insect-Killing Traps
•

•

Strength of Evidence
•

•

Manage Stagnant Water Appropriately
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A comparatively large amount of evidence on the
working mechanisms and efficacy of insect-killing
traps is available. A variety of attractants are used in
insect-killing traps, such as blue UV-light [124], carbon
dioxide [125], octenol [126] and heat [127], all of which
are scientifically proven to draw insects.
Studies have shown that different commercial
insect-killing traps have varying efficacies in trapping
and killing vectors such as the Aedes species, which
can transmit chikungunya and Zika viruses [128].
Some traps can potentially target sand flies in addition
to mosquitoes [129].
On the safety of different killing mechanisms, limited
studies have demonstrated that the UV light in traps is
non-hazardous to humans [130], whereas the
electrocution of insects may potentially release
bacteria and viruses [131].
Studies on whether or not pathogens remain in the
infected dead insects’ bodies, and evidence-based
guidelines on the proper disposal of dead insect
bodies, are limited.

•

•

A comparatively large amount of evidence on the effectiveness
of proper stagnant water management on VBD risk reduction is
available. The aquatic characteristics of larval habitats are
well-evidenced, and extensive research has been conducted
regarding areas that are prone to stagnant water accumulation.
Numerous studies demonstrate that household water
containers, holes and furrows in discarded tyres [132], mud
pots [116], and blocked drainage systems [109] are common
larval breeding grounds.
Case studies that evaluate the VBD outbreak risk associated
with disaster occurrences that favour water accumulation are
abundant. Taking the case of Djibouti, the country was
suffering from pre-existing malaria and chikungunya outbreaks;
studies reflect that heavy rain and floods in late 2019 further
exacerbated the situation and exposed those affected to VBD
risks [133].

Manage Waste Appropriately

•

•

A comparatively large amount of evidence on VBD prevalence
in areas with improper solid waste accumulation is available.
Items such as tyres, porcelain, plastic materials, and open
coconut shells are commonly suggested to ‘provide breeding
sites, burrows and food for vectors’ [134,135]. Such studies
often link back to the favourability of larval breeding under
stagnant water accumulation in waste materials [116,132].
There is also extensive research on how open dumping sites
exacerbate VBD risks [116,134].
Evidence of the effectiveness of putting proper waste
management into practice in communities and its relation to
VBD risk reduction is minimal.

Table 4. Customary Household Practices as Health-EDRM Primary Prevention Approaches against VBDs.
Minimise Household Entry Points

Parametre
Wall Cracks
•

Cover Exposed Foodstuffs

Door and Window Openings

Household entry points such as wall cracks as well as open doors and windows provide opportunities for vector entrance,
contributing to the risk of indoor infestation.

•

•

Risk
•

A significant number of vectors may accumulate in the
cracks if they remain unrepaired [140].

•

Entry points through open doors and windows have large
surface areas and are more prone to the entrance of disease
vectors [141].
•

Common vectors such as flies are attracted to odours and
chemicals released by exposed foodstuffs, such as the volatile
fermentation products [136] of ripe fruits associated with the
breeding of yeast in the fruit [137].
Disease vectors may contaminate exposed foodstuffs in open
containers via direct contact or droppings, which contribute to
health hazards such as a high incidence of diarrhoea in children
under six [138].
If uncooked food with pathogens such as Salmonella and E. Coli
are left uncovered, houseflies may serve as vectors and expose
humans to the risk of food-borne pathogenic infections [139].
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Table 4. Cont.
Minimise Household Entry Points

Parametre
Wall Cracks
•
Behavioural Change

Enabling Factor(s)

•

•

Protects individuals from household pests such as rodents [146,147] and cockroaches [148].

•

Reduces water leakage [150], such as during
heavy rainfall.

•

Availability and affordability of
crack-repairing materials.
Knowledge about crack-repairing, or accessibility to
professional services.

•

174
•
•

•

•

•

Enhances household safety, such as decreasing the risk of theft
or burglary [151].

•
•

Availability and affordability of door and window screens.
Knowledge about door and window screen installation, or
accessibility to professional services.

Contextual limitations: Household modifications do not apply to the homeless and the impoverished living in open,
unstable shelters.
Universal applicability: Household modification recommendations may not apply to all settings due to housing differences
[152].
Professional requirement: Crack-repairing and door and window screen installation using modern methods often require
professional tools and skills as well as long-term maintenance strategies.
Lack of access to modern crack-repairing materials: In
resource-deprived areas, mud and lime mixtures may
serve as alternatives, although they may be more
costly in the long-term [153].
Less well-off populations that cannot afford modern
building materials [154] may use other
locally-available alternatives.

•

•

Practice the covering of exposed foodstuffs with food covers or
nets to prevent food contamination by flies [111], especially in
contexts without refrigerators.

•

Protects exposed foodstuffs from household pests such as
rodents [149].

•

Availability and affordability of food covers.

•

Lack of access to quality food covers: In resource-deprived
areas, clean pieces of cloth, lids, or any materials that can serve
as physical barriers should be used as alternatives for covering
exposed foodstuffs.

Install door and window screens and close windows in the early
evening to reduce indoor disease vector density [21,36,144,145].

Repair cracks to seal potential vector entry points [21].

•

Limiting Factor(s)
and/or Alternative(s)

Household improvements to minimise entry points are effective in reducing infestation from vectors such as Aedes aegypti,
which transmit the Zika and chikungunya viruses [142]. The risk of malaria transmission from the Anopheles mosquito is
similarly reduced [143].

•

Co-benefit(s)

Cover Exposed Foodstuffs

Door and Window Openings

Lack of access to door and window screen installation services:
The installation of door and window screens involves
significant renovation work that is often costly and
unaffordable for impoverished populations [155].
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Table 4. Cont.
Minimise Household Entry Points

Parametre
Wall Cracks
•

•
Strength of Evidence
•

While there is available evidence on the effects of
crack-repairing on VBD risk reduction, studies on the
detailed evaluation of different crack-repairing
methods remain limited.
Materials such as cement, modern crack-fillers, and a
mixture of mud and lime are scientifically proven to
be efficacious in reducing indoor vector density.
There are few studies on other more cost-effective
alternatives for populations in resource-deprived
areas. Mud is a locally-available alternative, but there
are limited studies on whether crack-repairing with
mud alone is potentially correlated with an increased
risk of vector entrance [156].

Cover Exposed Foodstuffs

Door and Window Openings

•

•

A comparatively large amount of evidence on the efficacy of
proper door and window screen installation, as well as the
closing of windows, in reducing indoor vector density
is available.
Given that variations exist in screening designs, further
research on their specific efficacies is necessary [141].

•

•

A comparatively large amount of evidence of the potential
health risks associated with disease vectors if foodstuffs are
exposed and not covered or stored well is available.
Research on the efficacy of the use of food covers, and that of
potential alternatives in resource-deprived areas, is limited.
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Table 5. Overview of Health-EDRM Primary Prevention Approaches against VBDs in the Reviewed Articles, Categorised by the Oxford Centre for Evidence-Based
Medicine (OCEBM) Levels of Evidence. (Please see Table S1 for details.).
Category

Personal Protection Practices

Environmental Management
Practices

Intervention

Number of Reviewed Articles under Each Category in the OCEBM Levels of Evidence
1a

1b

1c

2a

2b

2c

3a

3b

4

5

Others *

Total

Wear Protective Clothing When Outdoors

0

2

0

0

0

0

0

1

4

4

3

14

Avoid Heading Outdoors to Vector-Prone
Areas and During Peak Biting Conditions

0

0

0

0

0

0

0

0

3

16

4

23

Apply Insect Repellent

0

1

0

0

0

0

0

0

2

9

5

17

Sleep Under Bed Nets

2

2

0

0

2

0

1

0

5

7

3

22

Receive Prophylactic Vaccinations and
Chemoprophylaxis

1

0

0

1

0

0

1

0

3

8

6

20

176

Use Insect-Killing Traps

0

1

0

0

0

0

0

0

0

8

5

14

Manage Stagnant Water Appropriately

0

0

0

0

2

0

0

0

1

11

1

15

Manage Waste Appropriately

0

0

0

1

1

0

0

0

1

4

2

9

Minimise Household Entry Points

1

3

0

1

1

0

0

1

6

3

2

18

Cover Exposed Foodstuffs

0

0

0

0

1

0

0

1

2

2

1

7

4

9

0

3

7

0

2

3

27

72

32

159 **

Customary Household Practices
Total

* ‘Others’ includes but is not limited to news articles or releases, books, textbooks, position papers, guidelines, case reports and organisational reports.** Of the 134 publications reviewed,
some included findings on more than one primary prevention measure, and are counted more than once in Table 5.
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4. Discussion
VBDs are classified as biological hazards under the WHO health-EDRM framework [14] and their
associated health risks should be managed according to the disaster management cycle (prevention,
mitigation, preparedness, response and recovery), which encompasses both top-down and bottom-up
interventions [157,158]. Top-down interventions require well-driven bottom-up initiatives to achieve
effective primary prevention and to modify community health risk reduction-related measures [159].
Both the WHO health-EDRM framework [14] and the WHO global vector control response 2017–2030
framework [3] emphasise community engagement and mobilisation in enhancing protection against
VBDs. The scientific effectiveness and feasibility of the community-level implementation of the 10
proposed primary prevention measures in this review can each be influenced by distinctive external
factors, particularly with regards to access to financial or material resources.
Health promotion enables people to have more control over the improvement of their health
outcomes, and is done through enhancing health literacy, encouraging behavioural change, and
developing supportive policies [160]. There are numerous models which explore behavioural change
as a result of education-based health promotion, one of which is the ‘knowledge, attitudes, practices
model’, which prompts behavioural changes through knowledge enhancement [160]. In the case
of vaccinations and chemoprophylaxis, it is critical for health interventions to enhance individual
knowledge and awareness on why and how to receive prophylaxis as a primary prevention mechanism
against VBDs, particularly in addressing misconceptions which underestimate the danger of VBDs [81].
Behaviour can be changed through addressing attitudes, such as misunderstandings [81], perception of
social norms, cultural traditions and religious beliefs, for example in the case of ultra-orthodox Jewish
communities who do not practice vaccination [81,82]. Finally, the behavioural change theory should
consider how to promote practice. The viability and efficacy of the practice itself is favoured or limited
by a variety of factors; policies will have to address barriers to accessing, and augmenting motivation
in, the community [159].
The enabling and limiting factors that impact the effective uptake of primary prevention measures
are closely interlinked. This review identified a number of determinants of success, including adequate
resources, risk awareness, and well-coordinated supportive systems. A number of primary prevention
measures rely on the availability and affordability of material resources, such as insect repellents,
protective clothing, UV lamps, household building materials and bed nets (which additionally require
space and equipment to set up [73]). Resource-deprived communities, which are at a higher risk
of facing vulnerability, may lack the necessary material or financial resources. Materials must be
accompanied by knowledge of their appropriate use. Inadequate information can lead to the improper
maintenance of vector-prevention commodities, subsequently compromising their efficacy. For
example, damaged bed nets with holes and improper bed net usage have been shown to lead to
outcomes worse than no usage at all [64–66]. Some measures may also be affected by other health
conditions, such as allergic reactions to insect repellent active ingredients [76], while others may
be limited by cultural concerns, as demonstrated in the case of vaccination hesitancy in certain
religious communities [81,82]. The feasibility of certain measures, such as the avoidance of outdoors, is
dependent on an individual’s personal, professional and socioeconomic situation. Avoidance of going
outdoors into vector-prone areas and during peak biting conditions can be impractical, such as in
farming populations that need to spend long periods outdoors, and in tropical areas where the climate
is ‘peak-biting’—hot and humid—all year long [50]. Similarly, there may be cases where access to a
fully enclosed shelter or household improvements are not feasible, such as for those who are homeless
or living in temporary shelters. Beyond resource access, proper education and personal circumstances,
some primary prevention measures rely heavily on infrastructural and systemic support. Ensuring
community access to vaccinations and chemoprophylaxis requires functioning health systems able
to provide the necessary services, including an adequate supply of vaccines or medicine, trained
health workers for administration and education, and an established clinic (fixed or mobile) from
where the vaccine or drug can be distributed. Health system infrastructure is a critical enabling factor
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lacking in many rural or resource-poor contexts [84]. The environmental management of vectors also
requires a robust and coordinated top-down waste management system [109,117], with multi-sectoral
collaboration [161] between the health, environmental and civil engineering sectors, as well as other
local and national-level authorities. Authorities should ensure the sufficiency of waste collection points
such as waste bins [123], which can affect proper waste disposal, and the supply of electricity [118],
which can affect the use of insect-killing traps, particularly in developing contexts [116]. Therefore, the
success or failure of a community’s uptake of primary prevention measures is shaped by the availability
of material resources and information, supportive health and civil infrastructure, policy formulation,
geographical climate, individual or professional flexibilities, and social contexts. Nonetheless, it should
always be noted that each measure offers its contribution towards VBD prevention, and the measures
serve as an alternative to one another. When one measure cannot be carried out, the practice of other
measures is not necessarily impeded.
In comparing the strength of evidence of the reviewed literature (Table 5, please see Table
S1 for details), the largest proportion (45%) fell into Level 5 classification, which covers a wide
range of study designs and methodologies, such as entomological studies, observational exploratory
studies, experimental studies, modelling studies, qualitative studies, and expert opinions. 20% of
the reviewed literature was categorised into ‘Others’, which includes but is not limited to news
releases, reports by international organisations like the WHO, and textbooks. Level 4 publications,
such as cross-sectional mixed method studies, behavioural surveys, household surveys, questionnaires,
interventional studies and case series studies contributed a relatively large portion (17%), with many
addressing the knowledge, perceptions, acceptance and opinions of populations with regards to
VBD-prevention measures. Regarding individual primary prevention measures, evidence is most
lacking at all levels with regard to the practices of covering exposed foodstuffs (4%) and proper waste
management (6%). The literature relevant to sleeping under bed nets and minimising household
entry points was significantly stronger in study design. There is published evidence on the risk
reduction relating to wearing protective clothing and the management of stagnant water; however,
while a multitude of studies emphasised the impact of primary prevention measures on VBD health
risk reduction, a limited number of studies focused on the impact of the measure itself on disease
prevention efficacy or outcome. For instance, many studies demonstrate the potential VBD-related
health risks of exposed foodstuffs [136–139] and household entry points [140,141]; however, there are
limited studies that demonstrate the effectiveness of covering food or household crack-repairing on
disease incidence reduction within a community [156]. Similarly, for solid waste management, while
evidence on the health risks [134,135] associated with improper solid waste accumulation is available,
there is a lack of in-depth comparative studies between different waste management system models
and their strengths and weaknesses.
The methodology used for this review is limited in that it does not include non-English-based
literature, non-electronically-accessible literature, grey literature outside of those areas deliberately
searched, any publications before 2000, or any publication not identified due to incompatibility with
the keywords used for the literature search. Notably, publications documenting experiences from
low-resource VBD-endemic settings that are not readily accessible via mainstream databases or online
platforms may not have been included in this review.
Certain areas were found to be lacking in the updated evidence. On the efficacy of light-coloured
clothing, while the WHO provides recommendations for protective wear against VBDs [21], the search
generated no clear evidence, that had been updated within the past two decades, to support the
rationale behind vector landing preferences on darker surfaces, and vice versa. Recommendations
concerning the appropriate concentration of DEET in insect repellent are often inconsistent across
international organisations and governments. More extensive research is needed to better establish the
correlation between DEET concentration, repellent strength and duration of efficacy. In addition, while
there are various observational studies on the correlation between modern technological advancements,
such as air conditioning, and decreased disease vector bites [162–165], there is limited updated
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scientific evidence available on the precise impacts of such advancements on changes to vector
habitat. Addressing these research gaps will facilitate better-grounded and more evidence-based
institutional guidelines.
The best available evidence is always evolving, requiring the continuous updating of guidelines
and recommendations. The ongoing research on VBD prophylactic strategies is very active, as well
as that on the development of insecticide resistance regarding insecticide-treated bed nets [166,167]
and insect repellents [168]. In light of the many different designs, parameters, sample sizes and
investigation methods used, it is often difficult to evaluate and compare related studies, thus resulting
in a lack of standardisation in guidelines. For instance, a variety of attraction and killing mechanisms,
as well as door and window screen designs [141], are used in different studies to evaluate insect-killing
trap and household modification efficacies. Efforts to achieve increased consistency in the methodology
of published research are crucial to making comparative analyses between studies on different
VBD-prevention commodities possible [169–172].
Three areas are particularly lacking in the published evidence. Firstly, there has been minimal
research done on available alternatives to the proposed practices. Taking the case of insect repellents,
numerous studies are available to prove the efficacy [59–61,85] and explore the potential safety
concerns [86–88] of DEET. However, the strength of research supporting the repellence of natural
alternatives like plant oils is variable [74]. For instance, limited and conflicting findings on citronella
efficacy were identified [74,85], and potential health hazards, like dermatitis under high-concentration
neem-oil use, are indicated, with less stringent safety testing conducted compared to DEET [74].
Secondly, limited research is available on other disease vectors such as sand flies and ticks. A bulk of
the literature identified in this analysis focuses on mosquitoes—the discussions on common vector
breeding grounds [52,106–108] and the efficacy of insect-killing traps seldom involve other disease
vectors [128]. There is a need for research into effective methods to better understand the breeding
habitat ecology of sand flies in immature stages, which will facilitate the development of targeted
control strategies such as source reduction, which are not yet possible as sand fly larvae can be
difficult to detect, in contrast to other vectors such as mosquitoes [173–175]. Similarly, in the case of
insect-killing traps, only limited studies demonstrate their potential in targeting sand flies in addition
to mosquitoes [129], and evidence on tick elimination by the traps is lacking entirely. Thirdly, research
on the spectrum of VBDs is disproportionately distributed; studies are oftentimes skewed towards
more prevalent VBDs, such as malaria. While consideration is given to other VBDs such as Zika
or tick-borne encephalitis, this literature review occasionally extrapolates the primary prevention
measures proposed for the more extensively-researched diseases so as to apply them to other VBDs as
well—for example, the determination of the time of day with peak biting conditions was based on
Plasmodium-infected (malaria) mosquitoes being active from dusk to dawn [29–31]. Further research on
these three areas is necessary in order to develop comprehensive and informed guidelines or policies
that can be implemented in varying contexts to mitigate against the risk and alleviate the disease
burden of VBDs.
This review has identified major research gaps in the current published literature relating to
health-EDRM primary prevention measures for VBDs (Table 6). Strengthening the available evidence
in these areas will create a scientific basis on which governments, policy-makers and community
stakeholders can develop effective, targeted and achievable strategies for protecting at-risk populations
against VBDs. Aspects of the WHO health-EDRM framework can be applied to address these research
gaps. Increasing capacities for information and knowledge management can support collection,
analysis and dissemination across multiple sectors, allowing for the comparative evaluation of
available evidence, as well as the development of consistent guidelines and recommendations [14].
This is particularly important for any research undertaken in resource-poor contexts, which will
provide necessary evidence towards developing effective and targeted VBD prevention measures in
such contexts. The framework highlights the need for more multifaceted and multisectoral approaches,
the lessons of which will lead to the further development of evidence-based strategies [14].
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Table 6. Major Research Gaps in Current Published Literature Relating to Health-EDRM Primary
Prevention Measures for VBDs.
Research Gaps
1

Current studies on health-EDRM primary prevention measures for VBDs mostly focus on health risk
reduction practices, yet efficacy evaluation on actual disease reduction is lacking.

2

Available literature is mostly classified as cross-sectional studies. Evidence on efficacy of the prevention
measure based on randomised controlled studies or extensive cohort studies is limited.

3

Comparative evaluations for variations of certain primary prevention measures, such as efficacy of
different insect-killing mechanisms or household modification materials, are limited.

4

Research outcomes are skewed towards certain vectors (e.g., mosquitoes). Research evidence on other
vectors such as sand flies or ticks is limited.

5

Research outcomes are skewed towards certain VBDs (e.g., malaria). Research evidence on other VBDs
such as Zika, chikungunya, or tick-borne encephalitis is limited.

6

Research and evidence on available alternatives to the proposed practices (e.g., using natural substitutes
as opposed to chemical-based insect repellents) is limited.

7

Updated research on evidence relating technological advancements and the rapid change of ecological
and human living environments to behavioural practices against VBDs is limited.

8

Consistency in recommendations from research papers, policies, and frontline international agencies
(e.g., as in DEET concentration recommendations) is lacking.

9

Literature highlighting the effectiveness of multi-faceted, multi-sectoral and coordinated responses in
enabling effective risk mitigation for population-level protection is lacking.

All 10 primary prevention measures require sustainable, continuous implementation and
maintenance in order to be truly effective in preventing VBDs. Primary prevention measures
focusing on stagnant water, waste management and the covering of exposed foodstuffs offer the
long-term co-benefit of mitigating risks arising from other biological hazards under the health-EDRM
framework [14], such as water-borne and food-borne diseases [139]. Practising continuous primary
prevention is particularly necessary as long as certain VBDs do not have standardised effective
treatment options, and if vector-elimination is not feasible. Some preventive measures face more
complex challenges in practise without adequate health or governance infrastructure. Others are more
easily implemented, but are nonetheless reliant on materials such as insect repellents or bed nets, which
can be an obstacle in resource-poor settings where the population is already facing vulnerability to
impoverishment or disease. It is crucial for policymakers to ensure that systems are able to identify and
assess needs, and provide the necessary support for the sustainable and fair distribution of resources.
Empowering bottom-up initiatives requires well-coordinated top-down policies [83] that effectively
disseminate resources and information, especially in resource-deprived, rural, or health-illiterate
populations. A strong, accessible health system is key to providing materials and education to the
at-risk population. Centralised, coordinated and well-regulated infrastructure, such as a uniform waste
management system [176], can significantly enhance the efficacy of primary prevention practices.
Climate change and its associated consequences, such as changing weather patterns and increased
disaster occurrences [18], have shifted the epidemiological patterns of VBDs, as well as the volume
and spread of the at-risk population, thus affecting the development policies and strategies for
mitigating the VBD burden on health systems. Rising temperatures and unpredictable precipitation
patterns, for example, lengthen peak-biting periods and further complicate the capacity for outdoor
avoidance, especially in tropical areas which are sultry throughout the year. The increased incidence
of hydro-meteorological hazards such as floods and cyclones brings about more extreme rainfall, as
well as increased humidity and water accumulation [18], and impact stagnant water management,
thus possibly facilitating further larval habitat development for disease vectors [18]. Insect vectors
cannot regulate their internal temperatures and are very sensitive to changes, which has caused them
to invade new areas in order to adapt [177]. This puts previously unexposed populations at risk,
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who may lack protective immunity or the experience, resources or services necessary to mitigate the
prevalence of disease [6]. The WHO health-EDRM framework stresses the importance of strengthening
health systems, with an increased emphasis on climate change adaptation [14], to reducing health
risks associated with hazardous events, including VBD outbreaks. It is important for governing
bodies to consider the associated challenges of climate change during policy formulation, with the
inclusion of climate change scenarios in disaster risk assessments [18]. Considering the limitation
of the predicted impact of climate change on VBD transmission, governing bodies should enhance
individual capacities and community resilience in cases of sudden VBD surges [178]. For instance,
early warning systems should be in place to communicate the health risks associated with seasonal
VBD outbreaks to vulnerable populations in advance [18]. As such, primary prevention measures
that emphasise the broader aspects of environmental management, resource distribution and public
education must not be overlooked. Public education, to encourage early symptom identification and
subsequent health-seeking behaviours, can serve as a steppingstone in propagating secondary and
tertiary VBD intervention amongst vulnerable populations.
In light of the growing burden of VBDs and emerging public health threats, a progressive primary
prevention model is key to disaster risk reduction, as encompassed in the four priorities set out in the
Sendai Framework for Disaster Risk Reduction (risk understanding, governance, preparedness and
resilience) [16]. In terms of disaster risk understanding, a thorough examination of the enabling and
limiting circumstances is required in at-risk populations, including local disease prevention capacity,
specific VBD characteristics, and risk drivers such as climate change [16,18]. Disaster governance
should be strengthened through stakeholder involvement and multi-sectorial collaboration, as well
as through adopting a well-coordinated top-down approach to empowering bottom-up community
initiatives in a sustainable manner. Resilience enhancement should be driven by global investments
in innovation and research, for instance the development of better prophylactic strategies and better
vector-prevention commodity designs for utilisation against VBDs. Finally, disaster preparedness can
be reinforced through raised awareness, secured healthcare accessibility and health-seeking behaviour
encouragement, so as to better equip vulnerable populations facing future VBD outbreaks.
5. Conclusions
This narrative study identified 10 health-EDRM primary prevention measures against VBDs.
Resource availability, risk awareness and systemic support were identified as the core enabling factors
for the success of these measures. Resources, health and civil infrastructure, policy formulation,
geographical climate and socioeconomic factors were the core sources of limitations, which necessitate
the need to consider alternatives. Evidence supporting the effectiveness of alternative preventive
measures is lacking, in particular with regards to prevention in resource-poor settings. Similarly,
evidence related to preventive measures focusses heavily on mosquitoes, whereas research on effective
prevention against diseases transmitted by other vectors such as sand flies and ticks is lacking. At a
global level, the necessity of VBD prevention increases with the growing impact of climate change
and globalisation.
Health risks associated with VBDs will remain an ongoing biological hazard to communities, and
thus sustainability of practice is crucial. As recommended by the WHO health-EDRM framework,
in addition to the health sector, the successful adoption of primary prevention measures against
VBDs requires a multi-faceted, multi-sectoral and coordinated response, encompassing sectors such
as meteorology for hazard prediction, education for health awareness and promotion, and the
environmental and civil engineering sectors for waste collection and water management.
In conclusion, this review has shown that evidence of the effectiveness and management of
primary prevention practices is focused on a narrow spectrum of VBDs and vector types. In order to
fill research gaps, the scope of VBD research should be broadened, and standardised protocols should
be adopted so as to better prepare communities for disaster risk mitigation and to build the capacities
of populations that are vulnerable with regards to health-EDRM practices.
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Appendix A. Keywords Used for Literature Search
‘bed nets’, ‘blue-light irradiation’, ‘bottom-up approach’, ‘breeding sites’, ‘carbon dioxide’,
‘cement’, ‘chemoprophylaxis’, ‘chikungunya’, ‘climate change’, ‘clothes moth larvae’, ‘clothes wear
and tear’, ‘cockroaches’, ‘crack repair’, ‘dengue’, ‘diethyltoluamide (DEET) ’, ‘disease burden’, ‘door
screening’, ‘doors and windows burglary’, ‘electricity access’, ‘fall injury water’, ‘floods’, ‘food
decay’, ‘food fermentation’, ‘food mould and fungi’, ‘food-borne pathogens’, ‘forests’, ‘health hazards’,
‘health-EDRM’, ‘heat stroke’, ‘heat-seeking ability’, ‘heavy rain’, ‘household waste management’,
‘housing improvements’, ‘humidity’, ‘immunisation’, ‘infectious disease’, ‘insect repellents’, ‘insect
traps’, ‘insecticide-treated nets’, ‘Japanese encephalitis’, ‘larval habitats’, ‘larvicides’, ‘lime’, ‘living
environment’, ‘long clothing’, ‘long-lasting insecticide-treated nets’, ‘malaria’, ‘mosquito larvae’,
‘mosquito traps’, ‘mosquitoes’, ‘mould development water’, ‘mud’, ‘natural repellents’, ‘octenol’,
‘pesticide’, ‘primary prevention’, ‘protective behaviour’, ‘protective clothing’, ‘rodents’, ‘rubber
plantations’, ‘sand flies’, ‘solid waste management’, ‘sticky traps’, ‘sunburns’, ‘temperature’, ‘tick-borne
diseases’, ‘tick-borne encephalitis’, ‘ticks’, ‘top-down approach’, ‘tropical climates’, ‘ultraviolet
irradiation’, ‘vaccination’, ‘vaccine complacency’, ‘vaccine hesitancy’, ‘VBDs’, ‘vector attraction’,
‘vector biting’, ‘vector contamination’, ‘vector exposure risk’, ‘vector human movement’, ‘vector
landing preference’, ‘vector light clothing’, ‘vector net’, ‘vector traps’, ‘vectors’, ‘wall cracks’, ‘waste
management’, ‘waste mismanagement’, ‘water storage’, ‘water supply’, ‘West Nile virus’, ‘window
screening’, ‘yellow fever’, ‘Zika’.
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Abstract: Addressing the psychological mechanisms and structural inequalities that underpin mental
health issues is critical to recovery following disasters and pandemics. The Asia Pacific Disaster
Mental Health Network was established in June 2020 in response to the current disaster climate and to
foster advancements in disaster-oriented mental health research, practice and policy across the region.
Supported by the World Health Organization (WHO) Thematic Platform for Health Emergency and
Disaster Risk Management (Health EDRM), the network brings together leading disaster psychiatry,
psychology and public health experts. Our aim is to advance policy, research and targeted translation
of the evidence so that communities are better informed in preparation and response to disasters,
pandemics and mass trauma. The first meetings of the network resulted in the development of
a regional disaster mental health agenda focused on the current context, with five priority areas:
(1) Strengthening community engagement and the integration of diverse perspectives in planning,
implementing and evaluating mental health and psychosocial response in disasters; (2) Supporting
and assessing the capacity of mental health systems to respond to disasters; (3) Optimising emerging
technologies in mental healthcare; (4) Understanding and responding appropriately to addressing
the mental health impacts of climate change; (5) Prioritising mental health and psychosocial support
for high-risk groups. Consideration of these priority areas in future research, practice and policy will
support nuanced and effective psychosocial initiatives for disaster-affected populations within the
Asia Pacific region.
Keywords: disaster; mental health; psychosocial; Asia Pacific; COVID-19; Health EDRM
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1. Introduction
Disasters create an environment of disruption, trauma and grief, with potential for sustained
mental health impacts. Heightened stress during pandemics and disasters can impair individual
wellbeing (with effects on psychological health and sleep), cognitive function (memory, concentration
and executive function), high-risk behaviours (alcohol and substance use, increased rates of domestic
violence) and behavioural outcomes (such as compliance or disregard for public health orders) [1,2].
The mental health effects of disasters result not only from trauma exposure but may also arise from the
implementation of public health response strategies such as quarantine, physical and social distancing
or evacuation [3,4]. Economic insecurity, unemployment or underemployment, school closures and
the shutdown of regional infrastructure can have devastating effects for population mental health.
In addition, concerns regarding safety measures and sufficient supply of personal protective equipment
can contribute to psychological distress [4,5]. Moreover, while many people demonstrate tremendous
resilience during emergencies and in the immediate aftermath [6], the long-term psychological effects
of disasters and pandemics are often debilitating [7,8].
The Asia Pacific region records the highest frequency of hazards and greatest number of people
affected by disasters annually [9,10]. The immense psychological consequences are particularly
concerning in nations with developing mental health systems and services [11]. A significant
proportion of mental health need is unmet, and this has substantial effects on the social ecology and
economic stability of affected communities. As climate change, growing urbanization, population
density and animal–human viral transmission generate increasingly severe impacts of hazards and
health emergencies, attention to mental health will be critical.
In response, the Asia Pacific Disaster Mental Health Network was established in June 2020 to create
a collaborative platform for rigorous research, evidence-based practice and tailored policy designed
to support improvements in mental health among disaster-affected communities. The network is
supported by the World Health Organization (WHO) Thematic Platform for Health Emergency and
Disaster Risk Management (Health EDRM) and its research network [12]. At its formation, the network
represented seven Asian-Pacific nations, and it is growing. The network’s membership represents
practitioners and scholars with broad interdisciplinary expertise in the fields of humanitarian response,
psychiatry, psychology, public health, disaster risk reduction, human rights and security, indigenous
mental health, emergency and mental health services and climate change action. In its first meetings,
the network sought to determine an agenda for the advancement of disaster mental health evidence
and practice within the region that would inform the design of future collaborative research, policy
development and delivery of services.
2. Materials and Methods
The Asia Pacific Disaster Mental Health Network comprises fifteen representatives (57% female),
selected for their expertise in responding to health emergencies and natural disasters, and work with
trauma-affected communities within the region. The network is open to all Asia Pacific nations and
currently includes representatives from Australia, Japan, China, Nepal, Sri Lanka, India and the USA.
The purpose of the network’s early meetings was to establish a collaborative platform for future
research and policy development and set overarching priorities in line with the goals of the WHO
Thematic Platform for Health EDRM and its research network. Monthly meetings are conducted
via videoconference. The selection of research priorities was conducted through open consultation
within the network. An iterative-generative reflective method was adopted, whereby experiential
knowledge of network members gleaned through their immersion with affected communities allowed
for iterative debate [13]. As reflective-generative practitioners, each network member provided
community-relevant insights as to potential priority areas. An iterative and deliberative discussion
occurred across two meetings, held in June and July 2020. A list of key priorities identified by the group
as central to mental health practice, research and policy within the region was generated. Thirteen
representatives attended the first meeting and ten representatives attended the second. Impromptu
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responses on the priority list were systematically collated; the list was adapted following a second
round of discussion and then circulated among the representatives for feedback. An additional round
of input from representatives on the priorities and supporting evidence was incorporated into the
write-up. All network members contributed to and provided feedback on the final priority list.
3. Results
3.1. Key Priorities for Disaster Mental Health
Large-scale climate disasters, severe wildfires and the COVID-19 pandemic have drawn renewed
global attention to disaster response this year. The COVID-19 pandemic has amplified the structural
injustices of race, faith, gender, age, migration and economic inequality within and across societies,
with significant implications for mental health (e.g., [14–18]). Addressing structural disadvantage and
inequality is vital, and without attention to these issues, many mental health difficulties during and after
disasters may not be amenable to psychological treatment. Mental health practitioners and researchers
play a vital role in highlighting injustice, community needs and the role of economic empowerment in
supporting mental health. It is critical that psychological first aid and evidence-based interventions
suitable for response to mass trauma events are implemented to support individual, family and
community level improvements in mental health, recognizing that psychological distress occurs on a
continuum and multi-level strategies are required [19,20]. First, broad public health strategies such
as psychological first aid, mental health education, family reunification and child-friendly spaces,
should be implemented at the community level to address general distress following an event; second,
delivery of low-intensity programs to assist those dealing with sustained distress and psychological
difficulties; third, clinical treatment provided for those with diagnosable conditions [19,21,22]. However,
the effectiveness of treatments will vary due to the sociocultural context in which they are delivered [23].
A nuanced, solution-based approach will support significant advancements in this field. In line with
this point, we identified the following priorities for a regional disaster mental health agenda.
3.2. Strengthening Community Engagement and the Integration of Diverse Perspectives in Planning,
Implementing and Evaluating Mental Health Response
Reinforcing local social networks, social solidarity and engagement with community groups in
responding to disasters and other mass trauma events will enhance psychosocial outcomes [24–26].
Community-driven responses are led by the community and may invite external agency partnership,
whereas community-supported responses are facilitated by an external agency with the endorsement
of the community [27]. Central to both approaches is that the community be recognised as valued
authorities on their own lived experience. Listening to and incorporating diverse knowledges and
multiple perspectives are essential to ensure that mental health services and psychosocial initiatives
designed for any community are accessible, acceptable, culturally secure and developmentally
appropriate [28] and that intervention models, disaster risk reduction strategies and mental health
policy are designed and delivered in ways that are meaningful and relevant [29]. Furthermore,
emerging evidence suggests that mutual reinforcement of public health messages and actions among
community members has positive implications for health-related behaviors and compliance with
public health directives during pandemics [30]. Restoring connections to the natural environment will
have additional mental health benefits [31]. Working within existing community social structures and
across a broad cross section of the community—with Elders, youth, local faith leaders and community
groups—helps to establish respectful and collaborative relationships. Measures to access broad input
and community guidance will result in treatment models, services and strategies that meet the diversity
of mental health needs [32–34].
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3.3. Supporting the Capacity of Mental Health Systems to Respond to Disasters
Disasters create multiple waves of healthcare need. Early response requires a focus on physical
injuries, bereavement and re-establishing critical infrastructure for survival [35]. Establishing conditions
for safe recovery will lessen distress for a vast majority of the population [19,36]. Mental illness tends
to emerge in a second surge of health need, often months and years following the initial emergency [37].
However, the COVID-19 pandemic highlighted mental health needs that required immediate support
during this crisis [2,5]. Health systems need to be prepared to address the short- and long-term mental
health needs that arise within disaster-affected settings. Disaster response must begin with a diverse
and well-supported workforce and include ensuring that workers are trained and supported with
ongoing supervision and further training in psychological care for traumatized people—including
how to cope with the added overlay of mass trauma impacts. Where disasters are more likely to
affect remote areas, infrastructure to support regional health workers and digital health platforms will
be important [38]. Lessons learned from the COVID-19 pandemic have already sparked significant
expansion of mental health systems in many nations, including in China, where an increased workforce
was engaged in order to address the psychological distress and grief arising from the pandemic in
Wuhan [39,40]. Similar initiatives have been developed in other parts of the Asia Pacific region,
including increased mental health budget funding in Australia [41], improved and expanded mental
health helpline services in Nepal [42] and increased in-person and remote counselling services in
Japan [43]. The challenge will be an ongoing commitment to the long-term sustainability of services to
address the growing incidence of disaster-related trauma and grief within our region and ensuring
that first responders, medical, nursing and allied health staff are well supported [44,45]. Mental health
services research is both urgent and critical to evaluate the efficacy of models for rapid upskilling
and ongoing support of the healthcare workforce, and to design and implement the appropriate
expansion of access; acceptability and cultural security of services; effectiveness of trauma-informed
treatments in low resource settings and community-based strategies to prevent the escalation of
psychological distress.
3.4. Optimising the Integration of Digital Platforms in Mental Healthcare to Support Access and Acceptability
of Care
The COVID-19 pandemic has fast-tracked the development and widespread adoption of technology
in mental healthcare in many settings. Digital mental health services include treatment sessions
conducted via video call, telephone helplines, clinical text messaging services, digital health applications
and platforms, online streaming and therapy services and mass dissemination of mental health resources
on social media [39,46]. Enabling the safe continuation of mental health services during lockdown
or physical distancing, tele-mental health services have been widely implemented in many nations
including China, Japan, Australia and New Zealand and have received additional funding for
development and dissemination globally [39,47,48]. New and adapted technologies have the potential
to transform the delivery of mental healthcare, as care can be tailored on a personal level, provided
anywhere, be perceived as less stigmatizing and can empower people to take a more active role
in their own healthcare decisions [49–51]. Although many settings within the Asia Pacific region
still lack reliable access to electricity, internet and phone coverage, all limiting the use of digital
mental healthcare [52]; the growing ubiquity of smartphone use has enabled rapid communication of
disaster and mental health messaging, reaching populations less likely to be engaged with mainstream
health services, such as international migrant workers [53]. Technology may also enable people to
maintain the social connections that are critical to mental health and wellbeing outcomes. However,
the digitalization of mental healthcare has possible negative implications. Reliance on technology can
lead to social disengagement, and there are increasing concerns about the potential for misinformation
with unregulated online information, as well as technical issues, unreliable internet access, low digital
competences of health providers and clients, safety of data handling and perceived loss of therapeutic
relationships [49,54]. It is thus essential to now identify which services and strategies have proven to
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be protective and efficient in improving mental health outcomes in the context of COVID-19 so as to
design approaches that will have relevance beyond this pandemic.
3.5. Addressing the Mental Health Impacts of Climate Change
Climate change has increased the frequency and severity of natural disasters in the Asia Pacific
region, with resulting risks for mental health problems [55–57]. The relationship between climate
change and mental health impacts can be direct, by experiencing trauma caused by climate hazards,
or indirect, through resulting physical health consequences, increased economic vulnerability and
detrimental effects on community cohesion [55,56]. Further indirect effects from climate change
may arise through a reduced sense of hope and self- and community-efficacy, identified as essential
elements in recovery from mass trauma events such as natural disasters [58]. Within the Asia Pacific
region, Indigenous communities and those dependent on agricultural production or coastal fishing
experience disproportionate adverse impacts of climate change [55,56,59]. However, the effects
are broadening—the Australian 2020 wildfires demonstrated widespread ecological and economic
damage—with substantial psychological effects [38,60]. Similarly, climate change has had significant
effects on mental health in the Pacific Island of Tuvalu [59], where the changing climate threatens
irreversible changes to the way of life [61]. Climate-related hazards (i.e., tropical cyclones and
increasing ocean temperatures) combined with urbanization, land shortages, overcrowding, limitations
in infrastructure, services and poor governance have resulted in high levels of stress, anxiety and
depressive symptoms among the Tuvaluan population [59]. Similar issues accompanied the impact of
2013 super typhoon Haiyan in the Philippines [62]. Direct and indirect mental health consequences
from climate change are current and understudied [57]. This gap in our knowledge requires our
immediate and collective attention in order to bring about an efficient, effective and holistic approach
to mitigating the inequity of climate change impacts on mental health, led by local experts. This effort
must become a central focus of disaster risk reduction in the coming decades.
3.6. Prioritising Mental Health and Psychosocial Support for High-Risk Groups
High-risk groups, including those disadvantaged or discriminated against due to the characteristics
and intersection of age, gender, sexuality, ethnicity, faith, ability, migration and economic status, may be
at greater risk of mental health difficulties during and after disasters [63,64]. In addition, those affected
by domestic violence, chronic mental illness, forced displacement, job loss or homelessness will require
tailored solutions [65]. The damage to the natural environment from climatic hazards may also generate
an additional level of pain and loss for First Nations people with historical and cultural connections to
the land [66], as well as for many others who find solace and peace in the persistence of nature. Failure
to recognize historical circumstances and cultural values can result in interventions reinforcing existing
patterns of disadvantage and prejudice [67]. Risk factors are dynamic, and an individual’s level of
vulnerability during disasters is dependent on a range of contextual factors, resulting in resilience at
times and vulnerability at others [63]. For example, there is a complex relationship between disaster
exposure and suicide risk, with increased risk associated with large-scale disaster impacts and length of
time following exposure [68]. Specific groups, such as working-age men and older women, and factors
including limited social connections, economic insecurity, living in temporary housing and pre-existing
or new mental health conditions may increase suicide risk following disasters [68,69]. COVID-19 has
demonstrated the potential for mental health risks to emerge as a result of both disaster-related trauma
and the public health safety measures implemented to reduce transmission. This has been highlighted
in Nepal, where widespread job loss and economic insecurity arising from government lockdown
measures during the pandemic has resulted in a tragic spike in suicides, with 1200 deaths reported due
to suicide during the 74 day lockdown [70,71]. Established mental health services in Nepal are working
to provide helpline services through telephone and social media and further improve the capacity of
community psychosocial workers to respond to individuals experiencing psychological distress [42].
Thus, effective services working within high-risk communities must be supported to continue and,
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where needed, expand their services during and after disasters. As we see an increasingly sophisticated
global response to disaster risk reduction, inclusion and support for high-risk groups will be vital for
effective mental healthcare.
4. Conclusions
The Asia Pacific Disaster Mental Health Network was established to foster advancements and
coordination of psychosocial supports and mental health service delivery, policy development and
collaborative research in the region. In line with the priorities of the WHO Thematic Platform for Health
EDRM and its research network [12,72], the Asia Pacific Network aims to contribute to improvements
in mental healthcare and psychosocial support through rigorous research and policy. Within the context
of the COVID-19 pandemic and recent climatic hazards, the network set an agenda that prioritises
strengthened community engagement, improved capacity for mental health and community services
to respond to the needs of disaster-affected populations, integrating emerging technologies, addressing
the impacts of climate change and supporting high-risk groups. Through multidisciplinary regional
partnerships, the network will contribute to effective and culturally secure intervention design and
delivery, translation of evidence to support community preparedness and response, and the collection
of high-quality data to inform knowledge, policy and practice specific to the Asia Pacific region and
relevant across the globe.
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Abstract: As past events have shown, disasters can have a tremendous impact on the affected
population’s health. However, research regarding the long-term impact on a systems level perspective
is still scarce. In this multi-case study, we analyzed and compared the long-term impacts on the public
health system of five disasters which took place in Europe: avalanche (Austria), terror attack (Spain),
airplane crash (Luxembourg), cable-car tunnel fire (Austria), and a flood in Central Europe. We used
a mixed-methods approach consisting of a document analysis and interviews with key stakeholders,
to examine the various long-term impacts each of the disasters had on health-system performance, as
well as on security and health protection. The results show manifold changes undertaken in the fields
of psychosocial support, infrastructure, and contingency and preparedness planning. The holistic
approach of this study shows the importance of analyzing long-term impacts from the perspective of
the type (e.g., disasters associated with natural hazards) and characteristic (e.g., duration and extent)
of a disaster, as well as the regional context where a disaster took place. However, the identified
recurring themes demonstrate the opportunity of learning from case studies in order to customize the
lessons and apply them to the own-disaster-management setting.
Keywords: long-term impact; disaster; public health; case study; disaster management; multi-case
analysis; Europe

1. Introduction
The impact of disasters on the health of the people affected and on the public health system can
be far-reaching and long lasting. However, studies examining these long-term influences months
or even years (mid- to long-term periods) after the event are rare, although their importance is
repeatedly underlined [1–3]. Nomura et al. (2016) emphasize the need for a better understanding of
long-term health impacts of disasters, in order to be able to set measures and guide actions (before,
during, and after the event) to reduce health risks [4]. Moreover, the Sendai Framework for Disaster
Risk Reduction points out, in Priority 4 (“Enhancing disaster preparedness for effective response
and to ‘Build Back Better’ in recovery, rehabilitation and reconstruction”), that the importance of
post-disaster reviews as they offer a valuable source for learning lessons for the public health system
and consequently raise disaster preparedness [5]. Such a systematic review of challenges, dysfunctions,
and, consequently, changes, as well as impacts, would be essential to improve preparedness for
future events [6]. A better understanding of the impacts of disasters on the public health system and
which determinants influence these impacts would be an important contribution to reduce disaster
risk. The Sendai Framework advocates for the collection and analysis of the impacts of disasters
201

Int. J. Environ. Res. Public Health 2020, 17, 6251

and consequently the dissemination of the resulting lessons learned across all relevant stakeholders.
Researchers are asked for their contributions, sharing their evaluations with practitioners, government
officials, and policy makers, to support decision-making and the implementation of good practices on
local, regional, and national level [5]. Especially studies on mid- to long-term periods, i.e., months to
years after the event, would be needed. A long-term study is difficult, since data are hardly available
in a consistent form, and the quality of these data also varies greatly depending on jurisdiction and
time frame [7]. Furthermore, the literature review provided no recommendations for the definition of
“long-term”. The studies differed in the use of time spans, but no discussion was found as to why the
authors used specific time spans.
Investigations on the long-term impact of disasters on the health of people affected cover a wide
field of research topics (e.g., disaster impacts such as economic losses of the affected population or
effects on mental and/or physical health; or focus on specific target groups such as children or the
elderly [8–13]). Research on economic and human loss or damage tends to focus on short-term effects,
while longer-term effects are difficult to track, and public attention often shifts on the next disaster
event [4,14]. Murthy et al. [15] analyzed the progress made in public health preparedness within the
US after 9/11, until 2016, by using self-reports from “Centers for Disease Control and Prevention”
and reports of congress funding. Fitter et al. [16] examined the recovery of the public health system
of Haiti following the 2010 earthquake and cholera outbreak. By using a framework consisting of
10 essential public health services, their research demonstrated progress and improvement made
regarding the public health system seven years after the disaster. Our literature review revealed that
the research on long-term impact mainly focuses on individual or population health, but less on the
systems perspective.
The purpose of this study was to investigate the various long-term impacts on the public health
system of five different disasters occurring in Europe, from 1999 to 2013. The chosen holistic research
approach allowed the representation of the complexity, specific circumstances, and undertaken
measures for each disaster in detail. This process allowed us to identify undertaken adaptions and
changes that result in longer-term impacts.
2. Materials and Methods
2.1. Design
We decided to use a case study approach, as it allowed for us to capture both the diversity in
disaster management and the complexity of specific circumstances. An extensive collection of rich
data makes an embedded multiple-case analysis and presentation possible. The selection of multiple
cases resulted from replication logic [17]. We built upon contrasting cases [18], since a variety of
contexts, circumstantial factors, and their impact on each case could offer a more complete picture of
the longer-term impact of disasters on public health. Since the study was conducted within the EU
project PsyCris (PSYchosocial support in CRISis Management), the selected case studies all took place
in the European Union. The project consortium decided to use disasters, which are relevant for many
EU countries. In addition to the high probability, further criteria for the decision of which cases to use
were the scale of the disaster, complexity and number of institutions involved, long-term consequences,
and data availability. Moreover, the analysis should include disasters caused by natural hazards, as
well as human-caused disasters (e.g., technological or mass-violence).
We decided to use a mixed-method approach consisting of document analysis and expert
interviews. As we could not identify a standardized assessment tool to investigate the long-term
impact of disasters to the public health system in the literature, we decided to focus on impact
models [19–22] that serve as a foundation for the development of the interview guide and the category
grid used for the document analysis.
The main categories in the grid were as follows:
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•
•
•
•
•

Information about the chosen disaster (what happened, number of people affected, which organizations
were involved in disaster management and response, and reaction of the healthcare system);
General coping strategies and direct effects on health;
Direct costs and follow-up costs;
Long-term effects on the public healthcare system;
Long-term effects on culture and the community.

For our analysis, we reviewed key documents relevant to the disaster-management process
and the long-term impact of chosen disasters. The reviewed documents included governmental
and organizational reports, legislative documents, journal articles, books, letters, TV documentaries,
brochures, and newspaper articles.
As a reconstruction of the complex disaster management process is not possible with existing
public documents only, we also conducted expert interviews.
The interview partners all played key roles in the management of the respective disaster. When
selecting the interview partners, care was taken to obtain a picture as broad and holistic as possible of
the most diverse organizations and units. The professional fields of the interview partners included fire
department, emergency psychologists, politicians, armed forces, police, physicians, red cross, forensic,
and priests. The average interview duration was 60 min. Table 1 shows the number of interviewees
per case study.
Table 1. Overview of number of interviewees per case study.
Case Study

Number of Interviewees

Avalanche, 1999 (Austria)
Cable-Car Accident, 2000 (Austria)
Airplane Crash, 2002 (Luxembourg)
Terror Attack, 2004 (Spain)
Flood, 2013 (Austria/Germany)

7
7
7
7
8

The main themes of the interviews were as follows:
•
•
•
•
•
•

Job description and responsibilities of the interviewed person;
Description of the event and the disaster-management process;
Organization and cooperation of rescue organizations and teams;
Psychosocial support and challenges for the disaster managers;
Community resilience;
Security/protection of population.

For the interview analysis, we used GABEK® (Holistic Processing of Complexity) (Josef Zelger,
Innsbruck, Austria), a qualitative method of knowledge organization developed by Josef Zelger,
supporting analysis of unstructured texts on the basis of the theory of “linguistic gestalten”. The method
helps to handle individual thoughts and attitudes and present them in a structured and systematic way.
GABEK allows for the transparent organization of knowledge and captures the holistic representation
of complex social situations, like disasters, from the perspective of those affected [23]. The analysis
was conducted with the corresponding software application GABEK–WinRelan, which combines
qualitative content analysis (e.g., coding of keywords, evaluations, or causal relationships) and
quantitative measures (e.g., frequencies of keywords and relations) and therefore offers a profound
understanding of data, their interlinkages, and their weight [24].
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2.2. The Case Studies
2.2.1. Avalanche, Austria, 1999
On 23 February 1999, shortly after 4:00 p.m., an avalanche buried around 100 people in the
village of Galtuer (Austria). Ongoing snowfall in the previous days triggered high avalanche risk
in the entire federal state of Tyrol. The Paznaun valley, in which Galtuer is located, was already
cut off from the outside world before the avalanche, due to the snow conditions. The avalanche
hit areas in the village center, which had previously been considered safe from avalanches. Due to
the bad weather conditions, no rescue teams were able to reach Galtuer for assistance. The people
affected were left to their own devices to rescue the buried victims. Only on the 24 February did the
first helicopters could take off and bring the injured from the village to the surrounding hospitals.
The Austrian government asked NATO (North Atlantic Treaty Organisation) and neighboring countries
for support with additional helicopters. On 25 February, aerial evacuation of the whole valley began
with 37 helicopters from Austria, Germany, Switzerland, France, and the US. Thirty-one people died in
the avalanche, and 35 were injured (11 of them severely).
2.2.2. Cable-Car Accident, Austria, 2000
In Kaprun (Salzburg), on 11 November 2000, in the tunnel of the cable-car, a fire occurred in
the ascending train. The glacier around the Kitzsteinhorn is a popular all-the-year skiing region.
On 11 November, the train started at 8:57 in the morning, with 161 passengers aboard. At 9:02 a.m.,
the first smoke formed. At 9:05 a.m., the train stopped after 600 m in the tunnel; the total distance
from the entrance to the exit was 3.8 km. Passengers broke the windows. Smoke rose from the train at
the back. The operator saw the fire and gave alarm. Twelve passengers walked with their ski boots
downstairs and survived. The other 149 passengers and the operator were in the tunnel. At 9:35 a.m.,
because of the danger of explosion, the outfall of electricity, and the formation of toxic smoke, the fire
brigade had to stop the rescue mission. The mountain station had to be evacuated. At 10:16 a.m.,
a rescue team started to enter the tunnel. Three people died at the mountain station because of
exhaust-gas poisoning. One person survived. At 12:00 p.m., a second team of the fire brigade entered
the tunnel. In total, 155 passengers died on 11th of November.
2.2.3. Airplane Crash, Luxembourg, 2002
On Wednesday, 6 November 2002, an airplane of the national air company crashed during the
approach to Luxembourg airport. At 10:05 a.m., the airplane reported difficulties during the landing
procedure, and 42 s later, the plane disappeared from the radar. The reasons for the airplane crash
are based on a mix of technical problems, human errors, and bad weather conditions. At 10:06 a.m.,
the plane ploughed into a field, and one side of the plane was ripped open. Six passengers were
catapulted out. After the crash, the aviation fuel caught fire, and the plane began to burn. Both pilots
were trapped in the wreckage. After fire brigades had extinguished the fire, the rescue of the trapped
passengers began. The only survivors had been sitting in the front of the aircraft, which had been torn
off during the crash, leaving the nose cone embedded in the ground. Twenty people died and two
survived severely injured.
2.2.4. Terror Attack, Spain, 2004
On 11 March 2004, ten explosions occurred aboard four commuter trains in the city of Madrid.
It was later reported that thirteen improvised explosive devices had been hidden on the trains.
The explosions happened during rush hour, on a normal workday, between 7:37 a.m. and 7:39 a.m.
At 7:37 a.m., three bombs exploded on train number 21,431, on track two, inside Atocha station, the main
capital railway station. At 7:38 a.m., two bombs exploded in train number 21,435, at El Pozo del Tío
Raimundo Station. One bomb exploded on train number 21,713, at Santa Eugenia Station, at 7:38 a.m.
Then, at 7:39 a.m., four bombs exploded on train number 17,305, on Calle Téllez, approximately 500 m
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from Atocha station. The bombing was the deadliest terror attack in the history of Spain: 191 people
died, and more than 2000 were injured.
2.2.5. Flood, Austria/Germany, 2013
Due to exceptionally heavy rainfalls in early June 2013, extreme flooding of the major river
systems occurred throughout Central Europe (particularly Switzerland, Germany, Austria, Czech
Republic, Slovakia Hungary, and Serbia). Thousands of people needed to be evacuated from their
houses. Twice as much rainfall as average during the month in Austria resulted in the soil becoming
saturated. Although forecasts predicted a high rise of water levels, the prognoses have been too low.
The water level exceeded the levels seen during the disastrous “once in a century” Central European
floods of 2002 in many areas. In Austria, six people died in the flood, and thousands of people had to
be evacuated. The infrastructural damages were extensive; railway lines, roads, bridges, and houses
were damaged severely.
3. Results
The following section describes the long-term effects of the disasters on the public health
system. Figure 1 gives an overview of the framework of analysis. We decided to categorize the
identified impact factors into the categories health system performance, and security and health
protection. The increased demand during and after a disaster has a direct effect on the health system
performance, i.e., the delivering of services, the creation of resources, the stewardship, and, finally,
the related financing [25]. Security and health protection refers to post-disaster efforts aiming
at optimizing leadership and governance, contingency and preparedness planning, infrastructure,
and training, or may lead to an increase in security research funding activities, as well as information
and communication activities. The information stated in this section was extracted from the stated
sources, as well as from the expert interviews.

Figure 1. Overview of the aggregated long-term impacts of the analyzed disasters on the public health
system (source: the authors).

3.1. Long-Term Impact on Health System Performance
3.1.1. Mental Health and Demand for Healthcare Services
For an adequate public health policy, different dimensions have to be taken into account to
optimize the offer for healthcare services, including mental health. The identification and evaluation
of how many people are affected by a disaster and develop adjustment disorders because of distress
seems to be a challenge for health service providers. For the chosen disasters, statistics about the health
status of people affected and derived demand for healthcare services are rare.

205

Int. J. Environ. Res. Public Health 2020, 17, 6251

Distinction of Target Groups
For an analysis of the demand for healthcare services, a distinction of target groups has to be
undertaken. Standardized programs for psychosocial and psychological support are not sufficient, as
one crisis manager from Luxembourg stated. The demand for psychosocial and psychological support,
but also for medical and physical treatments, mainly differs depending on who is affected. The target
groups have to be defined carefully, to guarantee adequate support. A study conducted by the
Complutense University of Madrid, with 526 victims of the bombings in Madrid, shows that, ten years
later, almost 30% of them presented symptoms of anxiety, depression, and PTSD (posttraumatic stress
disorder). Ten years later, nearly 200 victims still received psychological treatment [26]. Moreover,
a care program has been launched for people with hearing disabilities after the terror attack in Madrid.
The explosions and the effects of the blast caused hearing impairments resulting in total deafness in
many victims of these attacks. The General Directorate of Support for Victims of Terrorism taught sign
language to victims of these attacks and to their families to help them recover communication within
their families [27].
Psychosocial Support for Specific Target Groups
An important lesson that has been identified in all cases is the demand for performance-linked
psychosocial support. Target-oriented healthcare delivery has to consider the different needs of people
affected (e.g., survivors, families, witnesses, and volunteers). Standardization in the provision of
services is seen critically by most of the interview partners. One interview partner from Luxembourg
explained: “The pilot survived, there was certainly a different need, with the family, than with those
where people died; I also think that people had different approaches to dealing with the accident . . . To
accommodate these different “points of view”, that’s extremely difficult. It is often the case that you
think you have a solution to a problem, but actually you have to realize in retrospect that you need many
solutions for many types of people . . . and you also have to give people the freedom to deal with the
problem in their own way which is enormously difficult”. Because of the fact that nearly all people in
the airplane died, the psychosocial support for families played the most important role. The challenge
for the disaster management team was the information management to the relatives of the victims,
the organization of their arrivals and accommodation, and how to offer psychosocial support.
Compared to our analyzed disasters associated with natural hazards (avalanche and flood),
only a small number of passengers survived in the case of the airplane crash or cable-car accident.
The main target group for psychosocial support was the relatives who had to arrive from longer
distance or respectively from abroad. Locals and tourists have been identified as important relevant
target groups for psychosocial and psychological support after the avalanche. Results have shown that
the cohesiveness of the community in Galtuer (=locals) had an essential impact on the demand for
psychosocial and psychological support.
The terror attack in Spain, with its destructive power for humans and infrastructure, caused a
large number of deaths and people injured. Because of the characteristic of the disaster that occurred
in this urban area, more walk-in volunteers entered the scene during the acute phase of the disaster,
for help. This has an effect on the demand of psychosocial and psychological support in order to
consider a large number of walk-in volunteers.
People Affected Who Originate from Abroad
Additionally, in some of the analyzed disasters, no information about psychosocial and
psychological support, as well as medical or physical treatment of people who originate from
other countries, was given. Especially in the case of the airplane crash, the avalanche and the cable-car
accident many victims came from abroad. They were tourists or traveling persons. Survivors and
relatives stayed for a certain period time in the country of the event. This leads to the inability to
diagnose disorders and reactions, especially of those who were not directly affected by the disaster since
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some diagnoses cannot be identified immediately after the event, but occur later on (e.g., flashbacks
and posttraumatic stress reaction). About 100 of the evacuated tourists in Galtuer were traumatized
seriously, and some eventually were confronted with posttraumatic stress disorders later on [28,29].
Refusal of Psychosocial or Psychological Support
Individuals or a community may refuse psychosocial or psychological support. An interview
partner involved in psychosocial support after the terror attack in Spain explained the following:
“I’ve learned not to take it personally but as a normal reaction to emotional trauma. Sometimes we
had to work with volunteers who were affected by the comments of relatives, like “if you’re not
going to return my son to me I don’t know what you’re doing here . . . Emotional trauma can cause
aggressive reactions and that’s normal”. Some families who lost relatives during the airplane crash
in Luxembourg refused psychosocial support. One survivor of the avalanche was buried for several
hours. He preferred to talk with his family to cope with the disaster. It was reported that only one
woman with adjustment disorders consulted a psychologist after the avalanche disaster in Galtuer [30].
A community may also refuse psycho0social and psychological support. In Galtuer, locals dealt
intensively with the event and experienced common grief. In the first year, they talked among
themselves about the disaster and about their experiences, until they felt some relief from their burden.
From the cultural point of view, the locals preferred to talk with family, relatives, or friends, but not
with outsiders. Locals also had negative associations with psychologists because of two reasons. First,
they experienced an insufficient management of psychosocial support directly after the event. Second,
a big distance from and distrust of mental healthcare services were observed. The trust into the
community was more helpful for the locals to recreate a meaningful life, as compared to professional
organized support.
Risk Perceptions
Results gave interesting insights in the awareness of possible causes of risks. People living in
endangered zones may perceive possible causes of risks induced by predictable disasters (e.g., risk of a
flood or avalanche) as neutral compared to events that arise abruptly without any advanced warning
(e.g., airplane crash or terror attack). The resistance of people living in an endangered zone can be
influenced of their motivation and individual risk perception living in such an area. This conscious
decision has an impact on the mental and physical health in the context of a disaster. The persons may
dispose of a higher acceptance of the forces of nature, given the fact that the inhabitants of Galtuer
do not evaluate the avalanches negatively [30]. Moreover, in the investigated flood case, in an area
that is prone to flood, people are used to dealing with the flood. One interview partner explained
the following: “The people down there, they can handle the water... they have their own strategies,
they can handle it. And the humility and the acceptance with which they take the flood there, that’s
fascinating for me. I couldn’t imagine that every 10 years I clean out my house, clear out the silt, pump
out the water. For them, it’s just the water, it’s as simple as that”. Moreover, most people had family or
friends close by with whom they could stay during evacuation, when needed. These two factors are
assumed to be a huge reduction of stress for the effected people.
Legal Proceedings
A relevant aspect in dealing with disasters is the way of legal response, especially in the case
of organizational failures. One important impact on health was identified in the context of legal
proceedings after the cable-car accident. Many family members of the victims complained about
the lack of empathy during the legal proceedings. The trial was experienced as unfair by many
families, leading to a lot of anger and disappointment. The need for clarity and mental processing
was not fulfilled [31,32]. During the trial, a self-help initiative was founded which fought for years for
resumption of the legal process [33]. Moreover, after the airplane crash, the legal proceedings lasted
over years. One interview partner said the following: “[These] court proceedings have simply taken
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far too long, and that is disastrous for the people who are affected, who simply want decisions and that
they can finish their mourning at some point. It has simply taken far too long”.
3.1.2. Structure and Organization of Psychosocial Support
Different longer-term impacts in the structure and organization of psychosocial support have
been identified. In one case, the formation of a new organization was induced; in other cases, major or
smaller organizational improvements were undertaken. After the avalanche, the disorganization of
psychosocial support caused enormous costs for the life assurances, public authorities, and governments.
Good management of psychosocial and psychological support, distinct functional attributions,
structures, and responsibilities lead to the reduction of conflicts between organizations and institutions
involved in the management of a disaster. After the disaster, a discussion was started with regard
to financial responsibilities of long-term mental treatments. In the context of psychosocial support,
the responsibilities and financing structures for further events were revised.
Formation of New Organizations and Units
A completely new organization for psychosocial support was formed after the Galtuer
avalanche. The management of psychosocial support was not organized by one central responsible
body. Competition between psychologists and psychotherapists was the source of many conflicts.
Additionally, journalists disguised themselves as psychologists and psychotherapists to access the
disaster scene. In the years following the disaster, the Austrian Red Cross established the crisis
intervention team (KIT—Kriseninterventionsteam). Moreover, it was decided to provide uniforms for
the emergency psychologists as they were not associated as professionals by the surviving dependents.
An interview partner who was in Galtuer after the avalanche explained the following: “Today it
is taken for granted that already the emergency doctor asks if you want a crisis intervention team.
But it was different in the past. We didn’t wear a uniform, that was a big problem. And nobody
knew the service. The care of uninjured survivors simply didn’t exist”. Although Kaprun, where the
cable-car accident happened, is located in Salzburg, in the neighboring province of Tyrol, no structure
for psychosocial support existed there at the time of the disaster. However, the tunnel fire was seen as
trigger event to also establish a crisis intervention team in Salzburg. In the context of psychosocial
support, the extent of the event has led to the formation of a special psychological care unit which takes
over the organization and management of psychosocial support. Because of the huge dimension of the
terror attack, a systemized supply of psychosocial support for rescue workers in their organizations
was established. The awareness for the necessity of psychosocial support for people affected (victims,
relatives, and also rescue teams) has grown after all of the analyzed disasters.
3.2. Long-Term Impact on Security and Health Protection
3.2.1. Contingency and Preparedness Planning
Plans and Checklists
An important long-term impact that was identified in all analyzed disasters is the update of existing
emergency, civil protection, and national rescue plans and the development or adaption of checklists.
Protocols for different contexts have been developed (e.g., intervention protocols for psychological
intervention), as well protocols for recruiting people to participate in emergency volunteer management
and psychological interventions. The emergency plans and the interfaces between the participating
organizations were modified to improve the cooperation and coordination between security teams,
armed forces, medical teams (doctors and nurses) in hospitals, social workers, and psychologists.
After the airplane crash, psychosocial support was officially integrated as a necessary component into
the national rescue plan of Luxembourg.
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Establishment of Working Groups and New Units
As a central long-term impact, many different units and working groups were created after
the disasters. The established working groups with experts and persons concerned analyzed past
events, with the objective of developing recommendations for further improvements. The National
Counter-Terrorism Coordination Centre has also been created, aiming to improve coordination between
the National Police and the Guardia Civil, and terrorism experts have been sent from the Ministry of
Interior to key embassies, to improve exchanges of information. After the airplane crash, an airline
emergency committee was rebuilt, and a crisis-support center for Luxair accidents abroad was
established. After the avalanche, the local government established a center to link research institutions,
non-profit organizations, and businesses in the field of environmental hazards, to improve security
measures, create databases, and develop efficient and up-to-date scenario plans.
Legal Changes
Several changes in laws (fire safety regulations and railway act, which also includes funiculars)
have occurred after the Kaprun tunnel fire [34]. As a response to the disaster in Galtuer, the federal
minister decided to update the guidelines of the danger areas. Basics of the administration procedures
are the danger-zone plans, state-specific land-use planning laws, and the forest law of 1975. As a
consequence of the flood, the land registry plans have been re-evaluated, and danger zones have been
updated. However, various interview partners pointed out the difficulty of keeping danger zones up in
the long-term: “The danger is simply that the pressure on the administrative employees comes when
nothing has happened for a long time, that one says the yellow zone is no longer necessary. Or people
demand the red zone to become a yellow zone in which building, under certain conditions, is possible.
The pressure is certainly there, because we are in need of soil that can be built on”. Moreover, concepts
for resettlement from the endangered areas have been developed. However, it is unclear if and how
many people have agreed to resettlement. A decision of the airline management after the crash in
Luxembourg led to the implementation of all recommendations from aircraft designers concerning
technical details in a compulsory way.
3.2.2. Infrastructure
For all investigated disasters, measures concerning infrastructure were initiated. These measures
are referred to as items that improve security, in general, or specific measures to optimize processes,
to be better prepared for future disasters. The costs of these infrastructure measures differ substantially.
Large-Scale Investments
After the avalanche, the avalanche barriers around Galtuer were improved and extended. In order
to protect the houses of Galtuer in the future, an avalanche barrier was built in the middle of the
village center. This special construction, called “Alpinarium”, combines avalanche protection and an
integrated museum, which deals with the history of Galtuer and the avalanche risk in the area. Further
infrastructural measures were the improvement of the meteorological station, a reforestation project,
and the extension of the security tunnels at the access road to Galtuer.
High investments were also undertaken in the case of the Austrian flood. Improvements and
extended flood protection measures with 34 new building projects were realized. The building process
had to be sped up after the flood because 17 projects had not been realized until then. Compared
to the building projects, public authorities weighed the importance of the security of the public and
decided not to invest in a dam, because of the complex construction project, the enormous monetary
investment, and low benefit [35]. For affected public buildings like kindergartens and community
buildings, the high possibility of future floods was considered, and a flood-proof way of construction
and the addition of flood-resistant materials were implemented. For better forecasts and accurate
prognosis, automated water-level measurement stations have been installed. However, improved
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technical equipment does not automatically lead to better flood protection, as one interview partner
explains: “The most difficult thing is the final interpretation of the measured values. A river is a
living organism, constantly changing”. The damage of the transport medium—as what took place in
Kaprun—catalyzed the building of a new ropeway instead of a new funicular due to security reasons.
Due to the legal adaptions, many existing funiculars in Austria had to be adapted to guarantee a
high level of security for the passengers. Finally, new helicopters with a higher load capacity were
purchased for the Austrian Armed Forces, to ensure access to the valleys in the event of natural hazards
restricting access to the population.
Small- and Medium-Scale Investments
Small- and medium-sized investments were undertaken in the case of Luxembourg, to improve
transport by using more containers for meeting places or restrooms for rescue teams for future
operations. These decisions were based on low costs and high flexibility. Additionally, a new operation
control car was acquired. In Spain, public infrastructures were controlled more intensively after the
terror attack, and constructional adaptions were undertaken. Security measures, like video surveillance,
emergency exits, controls of specific infrastructure, and future usage of flak vests, were implemented.
3.2.3. Research
After the Galtuer avalanche, the local government invested in research projects which should
reduce future disaster risks. One project was the “Alpine Safety and Information Centre (ASI)”.
The mission of this non-profit organization was to promote safety mountain environment and to act as
a communication bridge between all participating institutions and local organizations. One product of
these research investments that is now being used in practice is the “ESIS Tirol” mission information
system, an internet platform that facilitates communication and coordination in the event of a disaster.
Moreover, new calculations for avalanche simulation models have been developed.
3.3. Others
Because there were some problems in the flow of information between the response organizations,
the communication processes have been updated in all investigated disasters. Moreover, technological
improvements like the implementation of a uniform radio system in Tyrol and special software have
been undertaken. The high media interest after the avalanche and the tunnel fire had a negative impact
on the well-being and health of people affected. Therefore, improvements in media management
were undertaken. Changes regarding the trainings and exercises (e.g., special topics such as media or
psychosocial support, more joint trainings, and cross-border cooperation) could also be observed in all
cases. Measures for improvements in the coordination of processes between the organizations and of
the handling of professionals and volunteers have been initialized in all cases. Formal and informal
networking was identified as a valuable basis for future cooperation. An interview partner pointed
out the following: “I would add that in order to improve our response in emergencies, all the teams
intervening in an emergency should have more meetings and we should learn to coordinate ourselves
better, defining new plans on coordination, structure and control to make sure we all know who’s in
charge, where we have to go and what we have to do”.
Tables 2 and 3 summarize the various impacts each disaster had on the public health system.
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Table 2. Overview of long-term impacts on health-system performance.
Avalanche
•
Mental health and demand
for health care services

•

•
Structure and organisation of
psychosocial support

•
•

Cable Car Accident

Significance of different needs of
target groups
Refusal of external
psychosocial support
Establishment of KIT by Austrian
Red Cross
Financing structure for
psychological treatment
Uniforms for
emergency psychologists

Airplane Crash

Terror Attack
•

•

Influence of legal proceedings on
mental health and coping

Significance of different needs of
target groups

•

•

•

Establishment of KIT by Austrian
Red Cross

•

Flood

Special long-term care for people
with hearing impairment due to
explosions needed
Sign language courses for families

Formation of special
psychological care units

Table 3. Overview of long-term impacts on security and health protection.
Avalanche

Cable Car Accident

Airplane Crash
•

211

Contingency and
Preparedness Planning

•
•
•

Adaption of danger areas
Creation of new working
groups and units
Update emergency plans

•
•

Update emergency plans
Changes in fire safety
regulations and railway act

•
•

Infrastructure

Research

•
•
•
•

•
•
•

Avalanche barriers
Reforestation>
Extension security tunnel
Higher load
capacity helicopters
ASI Centre
ESIS mission
information system
Avalanche simulation models

•

Ropeway instead of funicular

•
•

Psychosocial support officially
integrated in national
rescue plan
Creation of new working
groups and units
Update emergency plans

Extended use of containers
Acquisition of operation
control car

Terror Attack
•
•
•

•
•
•

Creation of new working
groups and units
Update emergency plans
Creation of new psychological
protocols and plans

More video surveillance
Adaptions of emergency exits
Flak vests

Flood

•

Re-evaluation of land
registry pans

•

Flood protection
building measures
Flood-proof way of
construction for
public buildings
Automated water
level measurement

•

•

-

-

-
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Many of the identified impacts overlap with the recommendations in the Sendai Framework [5]:
update of preparedness and contingency plans (Paragraph 33a), forecasting and early warning system
(Paragraph 33b), trainings and exercises (Paragraphs 33f, 33h, 34f, and 34h), land-use planning
(Paragraph 33j), provision of psychosocial support (Paragraph 33o), and revision of laws (Paragraph
33p). It can be concluded from this that the opportunity to “Build Back Better” and consequently
enhance disaster preparedness has been taken.
4. Discussion
Based on the results of the literature review, we identified highly fragmented studies without
any standardized approach to investigating the long-term impacts of disasters on public healthcare.
We did not find any standard definition of long-term impact on the healthcare system. In the context of
long-term impacts, the literature mainly focuses on long-term psychological impact effects on affected
populations. A broader approach is missing. The studies have also chosen different time frames that
do not allow any comparative conclusions.
The investigation of the case studies has shown that each disaster causes aftermaths in various
fields. Learning circles [36] play a substantial role in the context of disaster management, as many
of the identified long-term impacts on the public health system are the result of a learning process
because of inadequate outputs in the past.
The changes observed all seem to have been sustained over the years. One exception is the
ASI center, which, according to one interviewee, was closed for political reasons. The necessity
of the acquired helicopters is regularly discussed in politics and media. However, landslides and
roadblocks due to avalanche risk repeatedly demonstrate their importance for the protection of the
affected population.
The study showed us that federalism and organizational boundaries can be a hindrance to
improvements: After the 1999 avalanche in Galtuer, the Red Cross created a crisis intervention team
in the province of Tyrol. In the neighboring province of Salzburg, however, there was no such
infrastructure for psychosocial support yet established when the tunnel fire happened in November
2000. Christensen, Lægreid, and Rykkja (2013) describe something similar in their study: A major
obstacle after the terrorist attack in Oslo was the fragmentation of responsibility within government
departments. This might have hindered information-sharing and, consequently, taking measures
which could have reduced the impact of the Oslo terror attack in 2011, as plans for improving the
security of the building had already been established prior the attacks, but not implemented yet [37].
There is the need to analyze the individual and social circumstances of people affected. Results
show the importance of analyzing long-term impacts from the perspective of the type (e.g., disaster
associated with natural hazards or human-made disaster) and characteristic (e.g., duration and extent)
of a disaster, as well as the regional context where a disaster took place. The effectiveness of disaster
management procedures is dependent on a number of contingencies (e.g., not only how accurately
one system is implemented, but also how well aligned a system is with cultural subsystems) [5,38,39].
As became apparent in Galtuer, the inhabitants applied coping strategies that are rooted in local
traditions (e.g., importance of spiritual support). Nevertheless, the consequences of the avalanche led
the local population to increasingly open up and cope with this specifically challenging situation by
augmented communication. The ex post facto identification of local practices could be highly valuable
as basis for discussion within a broader audience of special interest groups (e.g., experts for avalanche
risk areas in Austria, Italy, and France).
The chosen cases include disasters caused by natural hazards, as well as human-made disasters.
Both types of disasters have been demonstrated to have a potentially high impact on the public
health system. However, they might have different consequences concerning preparedness planning.
As avalanches and floods are often foreseeable, proactive actions like early warning and evacuation are
possible in many cases. On the other hand, avalanches and floods result in relatively large impact areas,
which makes response more difficult and requires thorough preparedness regarding mobilization and
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equipment. Differences between disasters caused by natural hazards and human-caused disasters are
also observed with regards to mental health.
Dynes and Quarantelli [40] describe disasters caused by natural hazards as “consensus crises”,
leading to an increase of community cohesiveness and moral, whereas human-made disasters are
characterized by human blame [41]. This has consequences for the coping process and the need
for psychological support. Although the disasters analyzed in the case studies may have different
characteristics, they share many similarities in their impact. Recurring themes in all the case studies
were infrastructural measures, update of emergency plans, changes in communication procedures,
and a raised awareness for the importance of mental health and providing psychosocial support.
It might prove difficult to compare different individual disaster-management cases in order to elect one
best practice example. However, the use of historical lessons can be a valuable source for improvements
regarding disaster preparedness [38]. Gaining insights from out-of-sector lessons is often overlooked
or considered as not relevant [42]. The recurring themes we identified across the various disasters
analyzed in this study, however, demonstrate the learning opportunities from other fields or kinds
of disasters. Crichton et al. [42] recommend broadening the perspective and trying to apply lessons
beneficially to the own environment. Therefore, the learnings from these European cases can also be of
use for countries with other structures and regulations regarding their public health system and disaster
management structure. Even though political, socioeconomic, cultural, environmental, and hazard
circumstances vary in every state, good practices might be transferable. This learning can be achieved
when using a customized approach by “making use of others’ experience, for instance by reviewing
the contexts of particular measures and the nature of good practices and lessons learned, and then
tailoring these to implement policies and activities that are appropriate for the local contexts” [43] (p. 5).
Moreover, the Sendai Framework [5] points out the need for adaptions to the respective jurisdictions,
capacities, and capabilities of each country.
Although each disaster is unique in its progress and coping, we ask for the design of a standardized
assessment system for long-term disaster impacts. This would help to increase comparability of
disasters. We share the recommendation expressed in the WHO Health-EDRM framework [1] regarding
future research needs: a holistic all-hazard perspective across all disaster-management phases which
includes physical, mental, and psychosocial needs. In order to achieve this, multidisciplinary and
multi-sectoral collaboration between science, policy makers and practitioners is needed [39,44,45].
Such an exchange and dialogue between stakeholders is important in order to identify knowledge
gaps, jointly develop knowledge, and, finally, to put scientific findings into practice [5].
5. Limitations
The chosen case-study methodology can be criticized because of its limited generalizability.
The results of our case studies are a preliminary investigation with the intention of generating a first
understanding of long-term impact and its underlying determinants. Although it is hardly possible to
derive a holistic model covering all cumulative effects of disasters, such case studies can serve as a
guide for researchers, policy makers, and disaster managers [3].
The case studies refer to disasters that have occurred in the European Union. Analyzing cases from
other countries, which have different disaster management structures and health system regulations,
might be an interesting task for future research offering further insights.
6. Conclusions
In this study, we investigated the long-term impacts of disasters on the public health system.
We used a mixed-method approach consisting of document analysis and expert interviews. For our
analysis, we chose the following cases: an avalanche, a cable-car accident, an airplane crash, a terror
attack, and a flood. The analysis of the case studies revealed the variety of direct and indirect impacts
on population health and health systems major incidents can have. We grouped the identified impacts
into the categories of health-system performance, and security and health protection. Subcategories in
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health-system performance were mental health and demand for healthcare services, as well as structure
and organization of psychosocial support. The subcategories for security and health protection were
contingency and preparedness planning, infrastructure, and research. Although we chose contrasting
cases, we identified recurring themes in all the cases investigated. A change in communication processes,
updates of emergency plans, infrastructural measures, and a higher awareness for psychosocial support
was observed in each case study. Our chosen holistic strategy gave us deep insights into each case
study and helped us to better understand the undertaken or missing reactions concerning public
health. By analyzing past events and their consequences on the public health system, one can develop
strategies for better dealing with similar events in the future.
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Abstract: Natural disasters have negative health impacts on chronic diseases in affected populations.
Severely affected areas are usually rural areas with limited basic infrastructure and a population have
that has limited access to optimal healthcare after a disaster. Patients with cardiovascular diseases
are required to maintain quality care, especially after disasters. A population-based case-control
study enrolled adults from the National Health Insurance Registry who had ischemic heart disease
and cerebrovascular disease histories and lived in the area affected by Typhoon Morakot in 2009.
Monthly medical visits for acute cerebrovascular and ischemic heart diseases markedly increased at
approximately 1–2 months after the typhoon. Survival analysis during the two years following the
typhoon indicated a significant increase in mortality in adults with an acute ischemic heart disease
history who lived in the severely affected area. Mortality hazard analysis showed that among affected
adults with previous cerebrovascular diseases and acute ischemic heart diseases, patients with
diabetes (adjusted hazard ratio [HR]: 1.3–1.7), Chronic Kidney Disease (CKD) (adjusted HR: 2.0–2.7),
chronic obstructive pulmonary diseases (COPD) and asthma (adjusted HR: 1.7–2.1), liver cirrhosis
(adjusted HR: 2.3–3.3) and neoplasms (adjusted HR: 1.1–2.1) had significantly increased mortality
rates. Consequently, high-quality and accessible primary healthcare plans should be made available
to maintain and support affected populations after disasters.
Keywords: disaster; typhoon; flood; elderly; cardiovascular diseases; cerebrovascular diseases

1. Introduction
The number of reported weather-related natural disasters has been increasing since the 1960s.
These disasters result in over 60,000 deaths each year worldwide [1,2]. Increasingly variable rainfall
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patterns have increased the frequency and intensity of flooding, which has had great impacts on human
health. People may be forced to move, which heightens the risk of health effects on mental disorders,
communicable diseases, and chronic comorbidities. Heavy floods cause substantial infrastructure
damage and lead to massive economic and personal losses for communities [3,4]. These disasters
require large-scale, multinational coordination to provide urgent humanitarian aid and continuous
relief [5] to the affected areas.
Severely affected areas are usually rural and coastal areas with limited basic infrastructure and a
small population. Rural and coastal areas are more likely than urban areas to have an inequitably high
burden due to healthcare disparities. These disparities contribute to the inadequate provision of basic
healthcare services that arise from few medical facilities, a minimal number of providers, few specialty
practices, and a lack of accompanying technical innovations and health promotion programs [6–8].
In medically underserved rural settings, people experiencing barriers to primary healthcare tend to
have a low income, low education level and high rate of unemployment [9]. Patients with chronic
comorbidities need to maintain a delicate balance of care to decrease complications during and after
disasters. A previous study found that 24.3% of visits to emergency treatment facilities after Hurricane
Katrina were for chronic diseases or related conditions [10]. Following the March 2011 earthquake and
tsunami in Japan, increased mortality was observed in some patients with chronic comorbidities [11].
Increased numbers of visits for acute ischemic heart disease and stroke following natural disasters have
been identified after natural disasters. Survivors also have to cope with stressors such as searching for
food and shelter, relocating, crowding, financial hardship, and navigating social services [12]. Stressors
from hurricanes and other natural disasters can cause chronic and acute mental stress, which can
trigger cardiovascular events. Affected communities, especially those who are severely affected and
in a rural area, are faced with a myriad of disparities, each posing a barrier to timely response and
complete recovery from a disaster.
The Asia-Pacific region has been recognized as the region with the highest risk of major
disasters [13]. Moreover, Taiwan may be the location most vulnerable to natural hazards, with 73% of its
land and population exposed to three or more hazards [14]. Typhoon Morakot affected the West Pacific
Region from August 6 to 11 August 2009. On August 7, it caused copious amounts of rainfall in Taiwan,
peaking at 2777 mm (109.3 in). This extreme amount of rain triggered massive mudflows and severe
flooding throughout southern Taiwan, causing 702 deaths and roughly US$6.76 billion in financial
losses [15,16]. Almost all southern Taiwan experienced record-breaking heavy rain, and the associated
flood damage required people to relocate to temporary shelters for approximately six months to one
year. After Typhoon Morakot, multidisciplinary, large-scale reconstruction and relief actions were
initiated. Residents who lived in the affected areas before the disaster were identified by the Ministry
of Health and Welfare and received partial medical expense reimbursement for 3 months. Medical
teams and clinics were established in the temporary shelters to provide primary basic healthcare
in the severely affected areas for at least 6 months. A series of recovery and relief measures were
implemented and initiated in the following years. To evaluate the parameters affecting health outcomes
of cardiovascular and cerebrovascular diseases among different levels of affected areas (Appendix A
Table A1), we conducted a longitudinal follow-up study to assess health parameters among adult
residents in different areas affected by Typhoon Morakot, a major disaster.
2. Materials and Methods
2.1. Data Source
Data from the Taiwan National Health Insurance (NHI) Database from the National Health
Research Institute (NHRI) was analyzed. All claims submitted by physicians to the National Health
Insurance Registry must include a diagnostic code based on the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) developed by the World Health Organization which
allows the NHI Registry to verify claims and generate statistics about causes of illness and death [17].

218

Int. J. Environ. Res. Public Health 2020, 17, 6531

The NHRI recorded data included residents’ demographic data, medications, treatments (including
operations), and disease diagnoses at four different levels of healthcare facilities. After Typhoon
Morakot, the NHI Bureau identified residents who had lived in the affected areas before the disaster
and provided partial reimbursement of their medical expenses based on the Regulation “National
Health Insurance Reimbursement for Medical Expenses after Typhoon Morakot”. Adult residents
living in the affected area were enrolled for further analysis.
2.2. Study Design
A population-based longitudinal case-control study was conducted. In total, historical data of
715,244 adults who had lived in the affected areas were obtained for this study. Adult patients with
healthcare facility visit records were analyzed. The index date was 8 August 2009, the date that
Typhoon Morakot struck Taiwan. The adults were separated into non-elderly and elderly groups
(18–64 years and 65 years and older, respectively). Patients with chronic medical conditions requiring
long-term follow-up, such as diabetes mellitus (DM), hypertension, chronic kidney disease (CKD),
heart disease, hyperlipidemia, chronic obstructive pulmonary disease (COPD), liver cirrhosis and
neoplasms, were identified from long-term medical records, and records of their most recent follow-up
visit for their chronic medical conditions were reviewed to assess their comorbidities after the disaster.
The observation period of the study was from January 2008 to December 2011.
Patients with underlying medical comorbidities, including hypertension (ICD-9-CM: 401–405),
DM (ICD-9-CM: 250), asthma (ICD-9-CM: 493), chronic heart failure (ICD-9-CM: 428, 410–414), COPD
(ICD-9-CM: 491–496, excluding 493, 495), liver cirrhosis (ICD-9-CM: 571.5), neoplasms (ICD-9-CM:
140–239) and CKD (ICD-9-CM: 585, 582, 583.9), that were recorded before the index date were
selected and noted. All medical service utilization records after the index date were reviewed.
The calculated Charlson Comorbidity Index (CCI) values indicated the severity of these patients’
comorbidities. The patients’ socioeconomic statuses were based on their income records, as reported to
the NHI bureau.
The rates of acute ischemic heart diseases and cerebrovascular diseases in adults who lived in the
affected areas were analyzed. The study analyzed patients with acute ischemic heart disease (ICD-9-CM:
410–414), intracranial hemorrhage (ICH) (ICD-9-CM: 430–432) and ischemic stroke (ICD-9-CM: 433–437)
before and after Typhoon Morakot. The above diseases that occurred after the index date were evaluated
to determine patients’ health outcomes before and after Typhoon Morakot. The monthly visits of
acute illnesses were measured from the patients’ medical records. For each person, the occurrence of
the same event within the same one-month period was counted only once. Hospitalization records
after Typhoon Morakot were also analyzed to evaluate the health hazards, heart failure (ICD-9-CM:
428); common infections such as lower respiratory tract infection (ICD-9-CM: 480–488), urinary tract
infection (ICD-9-CM: 590, 595, 597, 599), and skin and soft tissue infections (ICD-9-CM: 680–686);
and trauma and injury (ICD-9-CM: 850–959).
The validated definition of mortality was adapted from the NHI database and was based on the
insurance status among those affected adults enrolled in our study. Mortality cases were defined as
enrolled adults withdrawn due to death or critical discharge with the diagnosis of one of the most
common twenty causes of death (ICD-9-CM) of National Statistics in Taiwan, and without any medical
records after withdrawal date, missing for more than six months, and were disqualified as an insurance
applicant of the NHI program such as immigration and the expiration of the duration of stay of
aliens [18]. All causes of death for the affected adults enrolled in this study between August 2009 and
December 2011 were enrolled for further survival and hazard ratio analysis.
2.3. Spatial-Temporal Analysis
The classification of township and metropolitan areas in Taiwan was adapted from the 2005
Taiwan Social Change Survey, which tracks and provides insights into long-term societal trends
and developments in each town or metropolitan area in six prospective areas through nationally
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representative survey data obtained through cluster sampling; data obtained included the proportion of
the working population employed in the service sector, the proportion of the industrial population, the
proportion of the population 15–64 years old, the proportion of the elderly population, the proportion
of the population that attained at least a bachelor’s degree, and the population density of the area.
In total, three different town or metropolitan areas (urban, suburban, and rural) were included [19].
2.4. Covariates
In addition to age and sex, area of residence was incorporated into the study design as
a demographic variable. Comorbidities considered in this study included hypertension, DM,
hypertension, COPD and asthma, liver cirrhosis, and neoplasms, which were defined by major
diagnosis codes with at least three months’ long-term prescriptions before the index date with relevant
ICD-9-CM codes mentioned above.
2.5. Statistical Analysis
The distribution of the study population, which was based on demographic and disease history
data such as sex, age, diabetes, chronic kidney, pulmonary, and liver diseases, living place, social
economic status, cardiovascular, cerebrovascular diseases, and mortality was analyzed. Besides A
case control study to evaluate time-to-event outcomes was applied. To evaluate differences among
different study groups, the chi-square test was used for categorical variables, and the Student’s t test
was used for continuous variables. The control group was matched for age and sex using propensity
scoring methods. Major underlying diseases and living locations were selected from the univariate
and multi-variate Cox proportional hazard regression models with backward eliminations to estimate
hazard ratios of mortality among affected adults with a history of cardiovascular and cerebrovascular
events. All tests of significance were 2-tailed, and a p value of 0.05 or less was considered statistically
significant. Robust Cox models using robust sandwich variance estimators were applied considering
clustering within matched sets. Moreover, stratified Cox models using stratification of the propensity
scores were also adopted to treat the matched sets. The former approach resulted in an unbiased
estimation of marginal hazard ratios that were compared with a biased estimation of marginal hazard
ratios resulting from the latter approach. Each comparison value and its 95% confidence interval
(95% CI) were also analyzed. All data management and statistical analyses were performed with SAS
9.4 software (SAS Institute, Cary, NC, USA). All statistical tests were 2-sided, and p values less than
0.05 were considered statistically significant.
2.6. Ethical Issues
All provisions of the study were performed in accordance with the principles of the Declaration
of Helsinki and the Declaration of Taipei [20]. Patients’ personal information was encrypted to protect
their privacy, and the electronic databases were decoded for research; therefore, the requirement for
informed consent was waived by the institutional review board (IRB). This study was approved by the
IRB of the study hospital (IRB No: A-ER-103-176).
3. Results
A total of 715,244 adult patient files were identified; 199,991 patients (28%) were in the elderly
group. Female patients were predominant (398,819, 56%). The study diagram is shown in the
Appendix A Figure A1. The demographic characteristics of the study population between different
severity of affected areas are presented in Table 1. Compared to the adults living in the moderately
affected area, those in the severely affected area before Typhoon Morakot were older, lived more in rural
areas, had a higher rate of multiple underlying diseases (CCI ≥ 1: 45% vs. 41%) and cardiovascular
disease history (18% vs. 15%). Besides, the adults living in the severely affected area also had
higher rates of underlying chronic diseases, such as DM (16% vs. 14%), hypertension (33% vs. 26%),
heart disease (12% vs. 10%), COPD and asthma (6% vs. 4%).
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Table 1. Demographic and clinical characteristics of adults living between different severity of affected
areas before Typhoon Morakot.
Adults Living in the Affected Area
Moderately Affected
(n = 574,089)
No. (%)

Severely Affected
(n = 141,155)
No. (%)

Total
(n = 715,244)
No. (%)

Chi2 -Test
p Value

Sex
Female

321,697 (56)

77,122 (55)

398,819 (56)

<0.0001

Age (years)
Mean ± SD *

51.69 ± 17.87

55.29 ± 17.64

52.40 ± 17.88

Age Group
Elderly

151,801 (26)

48,190 (34)

199,991 (28)

<0.0001

24,969 (18)
17,093 (12)
11,003 (8)

111,167 (16)
76,319 (11)
47,562 (7)

<0.0001
<0.0001
<0.0001

Characteristics

Related Cardiovascular History (January 2008–July 2009)
Either of the following
86,198 (15)
Ischemic heart diseases
59,226 (10)
Acute cerebrovascular diseases
36,559 (6)
Socioeconomic Status
(USD/month)
Low < $750 USD

301,416 (53)

93,431 (66)

394,847 (55)

Location
Urban
Suburban
Rural

150,232 (26)
276,951 (48)
146,906 (26)

0 (0)
47,890 (34)
93,265 (66)

150,232 (21)
324,841 (45)
240,171 (34)

<0.0001

CCI †
0
1–2
>2

338,653 (59)
183,175 (32)
52,261 (9)

77,717 (55)
49,034 (35)
14,404 (10)

416,370 (58)
232,209 (32)
66,665 (9)

<0.0001

Underlying diseases
DM
Hypertension
CKD
Heart disease
COPD & asthma
Liver cirrhosis
Neoplasms

79,653 (14)
143,332 (26)
12,959 (2)
57,835 (10)
25,612 (4)
9570 (2)
32,304 (6)

21,886 (16)
45,940 (33)
3058 (2)
17,171 (12)
8116 (6)
2007 (1)
7341 (5)

101,539 (14)
189,272 (26)
16,017 (2)
75,006 (10)
33,728 (6)
11,577 (1)
39,645 (6)

<0.0001
<0.0001
0.04
<0.0001
<0.0001
0.02
0.01

* Standard deviation; † Charlson Comorbidity Index. DM: Diabetes mellitus; CKD: Chronic kidney disease; COPD:
Chronic obstructive pulmonary diseases.

Figure 1 shows the number of monthly visits for acute ischemic heart disease and cerebrovascular
events by affected adults before and after Typhoon Morakot, i.e., from 2008 to 2010. There was a
markedly increased peak in visits in the same month Typhoon Morakot occurred in both the severely
and moderately affected areas and in both elderly and non-elderly adults. Compared to that for acute
ischemic heart disease, the difference in the number of monthly visits for acute cerebrovascular diseases
was more prominent in the moderately affected areas, particularly in the elderly group.
The demographic data before and after matching are summarized in Table 2. After matching
for age and sex, the proportions of adults living in the severely affected area with a history of
cerebrovascular diseases (44% vs. 42%, p < 0.001), hypertension (62% vs. 58%, p < 0.0001), hypertension
(62% vs. 58%, p < 0.0001), COPD and asthma (12% vs. 11%, p = 0.0001) was higher than those in the
moderately affected area. Adults living in the severely affected area had a higher proportion of living
in rural area (71% vs. 32%, p < 0.0001) and low-income status than those living in the moderately
affected area (monthly income < 750 USD: 73% vs. 60%, p < 0.0001). However, there was no significant
difference in the CCI score between adults living in the moderately and severely affected areas.
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Figure 1. Monthly visits for acute cardiovascular and cerebrovascular events by affected adults before and after Typhoon Morakot. (A): Ischemic Heart Diseases;
(B): Acute Cerebrovascular Diseases. Vertical solid lines: Index Month (August/2009); vertical dotted lines: August/2008, August/2010 and August/2011.
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Table 2. Demographics of affected adults before and after matching.
Adult Patients with a Related Cardiovascular History (January 2008–July 2009)
Pre-Match
Characteristics

Post-Match

Moderately
Affected
(n = 86,198)
No. (%)

Severely
Affected
(n = 24,969)
No. (%)

Sex
Female

45,030 (52)

13,257 (53)

Age (years)
Mean ± SD *

66.84 ± 12.76

67.72 ± 12.37

Age Group
Elderly

51,724 (60)

15,814 (63)

Related Cardiovascular History (January 2008–July 2009)
Ischemic heart disease
59,226 (69)
17,093(68)
Acute cerebrovascular
36,559 (42)
11,003 (44)
diseases

Chi2 Test
p Value

Moderately
Affected
(n = 24,969)
No. (%)

Severely
Affected
(n = 24,969)
No. (%)

Chi2 Test
p Value

0.02

13,257 (53)

13,257 (53)

1.00

67.52 ± 12.63

67.72 ± 12.37

<0.0001

15,814 (63)

15,814 (63)

1.00

0.45

17,158 (69)

17,093 (68)

0.53

<0.0001

10,568 (42)

11,003 (44)

<0.0001

Socioeconomic Status
(USD/month)
Low < $750 USD

51,230 (59)

18,169 (73)

<0.0001

14,985 (60)

18,169 (73)

<0.0001

Location
Urban
Suburban
Rural

21,279 (25)
36,826 (42)
28,093 (33)

0 (0)
7267 (29)
17,702 (71)

6213 (25)
10,650 (43)
8106 (32)

0 (0)
7267 (29)
17,702 (71)

<0.0001

<0.0001

CCI †
0
1–2
>2

17,928 (21)
44,003 (51)
24,267 (28)

4918 (20)
12,911 (52)
7140 (29)

0.0007

5102 (20)
12,744 (51)
7123 (29)

4918 (20)
12,911 (52)
7140 (29)

0.11

Underlying diseases
DM
Hypertension
CKD
Heart disease
COPD & asthma
Liver cirrhosis
Neoplasms

24,863 (29)
49,642 (58)
4613 (5.4)
41,546 (48)
8891 (10)
1946 (2.3)
6520 (7.6)

7063 (28)
15,468 (62)
1195 (4.8)
12,326 (49)
2933 (12)
424 (1.6)
1748 (7.0)

0.09
<0.0001
0.0004
0.0012
<0.0001
<0.0001
0.0028

7225 (29)
14,430 (58)
1372 (5.5)
12,111 (48)
2662 (11)
553 (2.2)
1933 (7.7)

7063 (28)
15,468 (62)
1195 (4.8)
12326 (49)
2933 (12)
424 (1.7)
1748 (7.0)

0.11
<0.0001
0.0003
0.05
0.0001
<0.0001
0.0015

* Standard deviation; † Charlson Comorbidity Index. DM: Diabetes mellitus; CKD: Chronic kidney disease; COPD:
Chronic obstructive pulmonary diseases.

A mortality analysis of adults with cardiovascular and cerebrovascular disease histories was
performed. Robust Cox models using robust sandwich variance estimators for clustering within
matched sets were used to analyze survival after Typhoon Morakot in affected adults with cardiovascular
and cerebrovascular disease histories in the moderately and severely affected areas. Before Typhoon
Morakot, the robust sandwich estimation for three-year survival between moderately and severely
affected areas revealed a significant difference in the survival rate of affected adults with a cardiovascular
events history (p = 0.0047) but did not reveal a significant difference in the survival rate of affected
adults with a cerebrovascular event history.
Hospitalizations after Typhoon Morakot in affected adults with cardiovascular and cerebrovascular
histories before Typhoon Morakot were analyzed (Table 3). Compared to the hospitalization rate in
affected adults in the moderately affected area, a slightly increased hospitalization rate was noted
among affected adults living in the severely affected area after Typhoon Morakot in terms of acute
ischemic heart diseases, acute cerebrovascular diseases, heart failure, infection-related diseases, traumaand injury-related diseases (p < 0.0001).
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Table 3. Hospitalizations after Typhoon Morakot in affected adults with preexisting histories of
cardiovascular and cerebrovascular diseases before Typhoon Morakot.
Adult Patients with a Related Cardiovascular History
(January 2008–July 2009/)
Post-Match

Characteristics
Moderately Affected
(n = 24,969)
No. (%)

Severely Affected
(n = 24,969)
No. (%)

Acute ischemic heart diseases

2607 (10)

2896 (12)

Acute cerebrovascular diseases

1852 (7.4)

2118 (8.4)

Heart failure

1399 (5.6)

1633 (6.5)

Infection

4661 (19)

5301 (21)

Trauma and injury

1238 (4.9)

1456 (5.8)

OR
95% CI
1.096 *
(1.037–1.16)
1.129 *
(1.058–1.205)
1.152 *
(1.07–1.24)
1.123 *
(1.075–1.173)
1.161 *
(1.074–1.255)

Chi2 -Test
p Value
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

* p < 0.05.

To determine the important risk factors for mortality among affected adults with cardiovascular
and cerebrovascular disease histories and to eliminate confounding factors, a multivariate stratified
Cox proportional hazards regression model was estimated (Table 4). Among affected adults with a
cerebrovascular disease history, patients with diabetes (adjusted HR: 1.40, 95% CI: 1.29–1.52, p < 0.0001),
CKD (adjusted HR: 2.05, 95% CI: 1.81–2.33), COPD and asthma (adjusted HR: 1.89, 95% CI: 1.72–2.08,
p < 0.0001), liver cirrhosis (adjusted HR: 2.25 95% CI: 1.79–2.79, p < 0.0001) and neoplasms (adjusted
HR: 1.51, 95% CI: 1.33–1.71, p < 0.0001) had significantly increased mortality rates. Additionally, among
affected adults with acute ischemic heart disease histories, patients with diabetes (adjusted HR: 1.55,
95% CI: 1.43–1.68, p < 0.0001), CKD (adjusted HR: 2.40, 95% CI: 2.15–2.69), COPD and asthma (adjusted
HR: 1.69, 95% CI: 1.54–1.86, p < 0.0001), liver cirrhosis (adjusted HR: 2.76, 95% CI: 2.29–3.32, p < 0.0001)
and neoplasms (adjusted HR: 1.87, 95% CI: 1.67–2.09, p < 0.0001) had higher mortality.
Table 4. Hazard ratio of all-cause mortality in affected adults with previous histories of cerebrovascular
and ischemic heart diseases before Typhoon Morakot.
Cerebrovascular Disease History †
(n = 21,571)
Univariate Analysis
HR
Location (Ref = Nonrural)
Rural
0.93
DM (Ref = No)
Yes
1.43 *
Hypertension (Ref = No)
Yes
0.96
CKD (Ref = No)
Yes
2.24 *
COPD & asthma (Ref = No)
Yes
1.88 *
Liver cirrhosis (Ref = No)
2.35 *
Neoplasms (Ref = No)
1.61 *

95% CI

Multivariate Analysis
aHR

95% CI

0.86–1.00
1.32–1.56

1.40 *

1.29–1.52

0.88–1.04

Ischemic Heart Disease History †
(n = 34,251)
Univariate Analysis
HR

95% CI

1.01

0.93–1.09

1.58 *

Multivariate Analysis
aHR

95% CI

1.46–1.71

1.55 *

1.43–1.68

0.85 *

0.79–0.92

0.84 *

0.77–0.91

1.97–2.54

2.05 *

1.81–2.33

2.60 *

2.32–2.91

2.40 *

2.15–2.69

1.71–2.07

1.89 *

1.72–2.08

1.69 *

1.54–1.86

1.69 *

1.54–1.85

1.88–2.93

2.23 *

1.79–2.79

3.18 *

2.64–3.82

2.76 *

2.29–3.32

1.42–1.82

1.51 *

1.33–1.71

2.07 *

1.85–2.31

1.87 *

1.67–2.09

†

Enrolled variables in Cox model for cerebrovascular disease history and cerebrovascular disease history: Location,
DM, Hypertension, CKD, COPD and asthma, liver cirrhosis, Neoplasm. DM: Diabetes mellitus; CKD: Chronic
kidney disease, COPD: Chronic obstructive pulmonary diseases. * p < 0.05.
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4. Discussion
This study suggested that affected adults with acute ischemic heart diseases and acute
cerebrovascular disease histories before Typhoon Morakot had an increased numbers of visits healthcare
facilities for acute ischemic heart disease and acute cerebrovascular diseases two months after Typhoon
Morakot in both the moderately and severely affected areas. The survival analysis suggested that
affected adults with acute ischemic heart disease history before Typhoon Morakot living in the severely
affected area had significantly higher mortality than those living in the moderately affected area.
Compared with those of affected adults in the moderately affected area, slightly more hospitalizations
were noted among affected adults living in the severely affected area after Typhoon Morakot. Increased
mortality rates were observed in affected adults with cerebrovascular disease and ischemic heart
disease histories who had comorbidities such as diabetes, CKD, COPD and asthma, liver cirrhosis,
and neoplasms.
Increases in the numbers of hospital visits for acute ischemic heart disease and stroke following
natural disasters have been reported. A medical records analysis after the Great Hanshin-Awaji
Earthquake in 1995 found that acute coronary syndrome and stroke rates rapidly increased and then
decreased within 7 weeks, similar to rates after the Great East Japan Earthquake in 2011 [21,22].
After Hurricane Sandy in 2012, researchers detected increases in hospitalizations and deaths due to
myocardial infarction and stroke during the 2 weeks following the hurricane compared to the same
2 weeks from 5 years previously [23]. In Taiwan, the rate of hospitalization due to acute myocardial
infarction increased during the 6 weeks after the Ji-Ji Earthquake in 1999, and a significantly higher
number of patients were hospitalized with acute myocardial infarction during that period than during
the same 6-week period in the previous year [24]. Our study revealed similar results. Increased
numbers of visits for acute cardiovascular and cerebrovascular events were observed in the first two
months after Typhoon Morakot. The survival analysis also indicated a significant increase in mortality
in the two years following the typhoon in those with previous acute ischemic heart disease who had
lived in the severely affected area. Typhoon Morakot has had significantly short- and long-term health
impacts on affected adults with acute ischemic heart diseases and cerebrovascular disease histories,
especially those with chronic comorbidities such as DM, CKD or end-stage renal disease (ESRD),
COPD, liver cirrhosis and neoplasms.
The abrupt increase in cardiovascular diseases (CVDs) in the acute phase was likely due to
psychosocial and posttraumatic stress caused by the disaster and inadequate response after the disaster,
especially in the severely affected areas [25–27]. Early morbidity from some cardiovascular events
was likely predominantly attributable to the psychological stress of the event2 and corresponding
physiologic derangements; psychosocial factors such as missed medications, changed diet, poor
living conditions, and the stress of disorders following a disaster have been noted as well [26,28,29].
Psychosocial stressors and lack of medication and a proper support system likely play a key role. After
Hurricane Katrina, multiple reports indicated high rates of psychosocial stress and posttraumatic
stress [30]. Survivors had to cope with stressors such as searching for food and shelter, relocating,
crowding, financial hardship, and navigating social services. Events such as hurricanes and other
natural disasters can cause chronic and acute mental stress, which can trigger cardiovascular events [31].
Traditional cardiac risk factors account for only half of the incidence of CVDs, with most of the remaining
risk explained by psychosocial factors [31]. Our study revealed similar results and indicated a short-term
increase in the numbers of visits for acute ischemic heart and cerebrovascular diseases by affected adults
with cardiovascular and cerebrovascular disease histories after Typhoon Morakot. After matching,
increased two-year mortality was observed in severely affected adults with an acute ischemic heart
disease history, highlighting the importance of the care of high-risk populations with cardiovascular
diseases, especially those residing in severely affected rural areas. However, our study also suggested
that affected populations with more co-morbidities (i.e., liver cirrhosis, CKD, COPD, asthma and
neoplasms other than cardiovascular disease) have higher all-cause mortality hazards. The increased
all-cause mortality occurred when patients with multimorbidity and pre-existing cardiovascular
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diseases such as stroke and ischemic heart diseases had increased risk of complications from either
underlying diseases or comorbidities [32–37].
Health disparities are differences in the health statuses of specific populations and the general
population. Health disparities are usually defined as “a particular type of health difference that is
closely linked with social, economic, and/or environmental disadvantages” [8,38]. Although medical
teams and acute social and financial relief programs are provided to affected populations in affected
areas, affected populations with chronic comorbidities in severely affected areas still have an increased
risk of mortality. Specialty and subspecialty healthcare services are usually less likely to be available in
rural areas, and rural areas are less likely to offer specialized and highly sophisticated or high-intensity
care than suburban or urban areas. Reliable transportation to healthcare facilities might also be a barrier
for rural residents due to long distances, poor road conditions, and the limited availability of public
transportation options in rural areas. These exacerbate problems for rural patients seeking specialized
care who are required to travel significant distances for treatment [39]. Following a disaster, medical
infrastructure usually becomes overwhelmed with acute injury and illness patients [40,41]. If chronic
diseases controlled, preexisting chronic health problems can quickly become acute in nature, and these
diseases have been linked to increased mortality in vulnerable populations in the wake of a disaster [40].
Chronic disease within the context of a disaster might have a bidirectional effect, whereby initial acute
disorders may advance to long-term illnesses if insufficiently treated. This effect creates a “secondary
surge” in required medical treatment long after the event and amplifies health disparities among
medically underserved populations. The secondary surge of chronic diseases after a disaster coupled
with inherent healthcare disparities, such as those commonly found in medically deprived rural areas,
makes access to routine healthcare very difficult during the recovery phase [7]. Our data revealed similar
results. Severely affected areas were more likely to comprise households with low socioeconomic
levels. Patients with underlying comorbidities had higher mortality rates and morbidities after
Typhoon Morakot that those without underlying comorbidities. Affected adults with an acute ischemic
heart disease history before Typhoon Morakot living in severely affected areas had substantially
increased hospitalization and mortality rates, highlighting the importance of medical accessibility.
Most of the acute medical teams departed the severely affected areas approximately 6 months after
Typhoon Morakot. Although relocation villages with permanent houses and healthcare centers were
established within one year after Typhoon Morakot in the severely affected area, the accessibility
of public transportation from these relocation villages to advanced cardiovascular care centers was
limited. Accessibility limitations have great negative impacts on affected adults with cardiovascular
risks, resulting in negative health outcomes.
The effects of spatial disparities after a disaster could be improved by the adoption of an improved
universal healthcare system. Previous studies have suggested that universal healthcare systems
substantially reduce socioeconomic inequalities in primary care access and quality but lead to only
modest reductions in disparities in healthcare outcomes [42–44]. The Sendai framework for disaster risk
reduction 2015–2030 aims to achieve substantial reductions in disaster risks and losses by enhancing
the resilience of national health systems; corresponding efforts include strengthening the development
and implementation of inclusive policies and social safety-net mechanisms and ensuring access to basic
healthcare services, with the ultimate aim of eradicating poverty [45]. High-quality and accessible
universal healthcare systems could maintain and support affected populations after disasters and are
regarded as an important aspect of community resilience [46]. In order to be well-prepared for the
foreseeable catastrophic natural events caused by the climate change, after Typhoon Morakot, a series
of laws have been enacted including the most important “Spatial Planning Act 2016” [47] (state of
the new climate-adaptive and environmental-oriented land use policy). In 2018, the Ministry of the
Interior announced the implementation of the National Spatial Plan in accordance with the law and
further emphasized on prioritizing the conservation of environmentally sensitive areas as well as
important public facilities including medical services in rural and coastal areas. In addition, the United
Nations Sustainable Development Goals (SDGs) [48] (United Nations, 2015) form the basis of spatial
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plans at all levels to ensure the health inequality and urban-rural gaps are taken into account in future
land use policies. At the same time, more comprehensive affected area response plans including early
evacuation of vulnerable groups and more medical and mental resources deployments before and after
the heavy rainfall in susceptible areas were implemented to decrease the vulnerabilities and increase
the resilience of the communities [49].
This study has several strengths. First, the large sample of population-based data covering almost
the entire population affected by this disaster provided a large enough sample size for matching.
Second, in addition to the use of traditional analyses, stratified Cox models and robust Cox models
using robust sandwich variance estimators considering clustering within matched sets were employed.
The latter approach resulted in unbiased estimations of marginal hazard ratios that could be compared
with biased estimations of marginal hazard ratios resulting from the former approach.
Some limitations also need to be mentioned. The limitations of this study include the fact that
the clinical data were collected from a registry; thus, completely verifying the data was impossible.
Additionally, the registry does not include non-affected adults as reference group and provide detailed
cardiovascular risk information regarding smoking habits, alcohol consumption, body mass index,
physical activity, and family history, which are potential confounding factors in the analysis of chronic
diseases and populations affected by disasters. The estimates of mortality among patients in this study
were not verified with death certificates; however, the missing for more than 6 months is closely related
to death and the proportion of disqualifications as an insurance applicant is negligible given the fact
that foreigners only constitute around 2% of all insured individuals of Taiwan’s NHI from the insurance
service database. The misclassification rate of the estimated mortality method was <2.37%, and the
method we used has been adapted from some previous studies [50,51]. Sex and age were chosen
to match in these two groups to minimize the effects of comorbidities in the elderly. Although the
underlying diseases between the two groups were still different, the CCI between the two groups after
matching was similar and revealed similar comorbidities between groups. Hypertension is known
as an important risk factor for cardiovascular death during the acute phase of a disaster. In most
patients, the increases in clinic blood pressure and self-measured blood pressure are transient, and the
blood pressure levels return to the pre-disaster baseline levels within 4 weeks. The blood pressure
levels should be monitored and the dose of antihypertensive medication should be reconsidered every
2 weeks during the disaster situation [52]. An inverse relationship between diastolic pressure and
adverse cardiac ischemic events (i.e., the lower the diastolic pressure the greater the risk of coronary
heart disease and adverse outcomes) has been observed in numerous studies. This effect is even more
pronounced in patients with underlying coronary artery disease (CAD) [53]. Previous studies also
indicated uncontrolled hypertension increased risk of all-cause and cardiovascular disease mortality
but no significant differences were identified between normotensives, and treated and controlled
hypertensives [54]. Non-adherence to antihypertensive medication increased the risk of all adverse
health outcomes, including all-cause mortality and hospitalization for cardiovascular diseases such
as myocardial infarction, heart failure and stroke [55,56]. The hypertension-mortality risk would
be significant reduced if good adherence to anti-hypertension agents is achieved [57,58]. Our study
suggested that hypertension did not increase all-cause mortality within two years among affected
adults with an ischemic heart disease history after Typhoon Morakot; patients with hypertension
have lower mortality hazard might be because patients marked as hypertension received regular
anti-hypertensive agent treatment with relative good adherence and blood pressure levels. Further
longer follow-up studies should be considered to observe the effects. The monthly visits and mortality
rates after this disaster might be underestimated if affected adults were not enrolled in the national
healthcare system or did not have medical records during the study period. Furthermore, the areas
covered in the spatial-temporal analysis were based on the primary medical facilities that were most
commonly used by the residents of the affected areas after the disaster. It was difficult to locate all the
affected individuals because some patients visiting these medical facilities might not have been residing
in the same area they did before the disaster. The database did not include the unaffected population

227

Int. J. Environ. Res. Public Health 2020, 17, 6531

as the reference group in evaluating the baseline status of mental health before and after Typhoon
Morakot. The effects of Typhoon Morakot are difficult to evaluate precisely. Moreover, classifications
of township development and the proportions of elderly individuals in the populations were based on
the 2005 Taiwan Social Change Survey (Round 5), which primarily considered socioeconomic change
and township development in Taiwan; thus, these results may not apply to other spatiotemporal
analyses of the relationships between socioeconomic factors and diseases. However, data from the
national census, such as the proportion of elderly individuals in the population and household income,
were acquired to achieve optimal validity. Finally, nondifferential misclassification of diseases in the
registry at baseline might lead to bias toward the null.
In conclusion, the health status of patients with histories of acute cerebrovascular and
cardiovascular diseases before Typhoon Morakot was negative effected in both the short term and long
term after Typhoon Morakot. The increase in mortality was predominant among the elderly population
and was associated with comorbidities and living in the severely affected area. High-quality and
accessible universal healthcare systems are important to maintain and support affected populations after
disasters. Further long-term spatial and socioeconomic analyses of the health of affected populations
with chronic diseases are warranted to build community resilience with optimal deployment, beneficial
healthcare strategies and a collaborative framework.
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Appendix A

Figure A1. Flow diagram for patients enrolled in this study.
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Table A1. Affected Townships of Typhoon Morakot.
County
Kaohsiung County *
Pingtung County *
Chiayi County *
Taitung County
Tainan County *
Nantou County
Yulin County

Severely Affected Townships
Jiaxian, Taoyuan, Namaxia, Maolin, Neimen, Liugui, Qishan, Dashu,
Shanlin, Meinong
Jiadong, Linbian, Neipu, Sandimen, Gaoshu, Taiwu, Shizi, Chunri,
Wutai, Laiyi, Mudan, Donggang Majia
Dongshi, Alishan, Meishan, Zhuqi, Fanlu, Dapu
Taimali, Jinfeng, Dawu, Daren, Haiduan
Nanhua, Danei, Yujing, Madou, Xuejia
Xinyi, Ren’ai, Shuili, Guoxing
Gukeng, Kouhu, Yuanchang
* All townships were severely affected.
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Abstract: (1) Background: The adverse health effect associated with extreme temperature has been
extensively reported in the current literature. Some also found that temperature effect may vary
among the population with different socioeconomic status (SES), but found inconsistent results.
Previous studies on the socioeconomic vulnerability of temperature effect were mainly achieved by
multi-city or country analysis, but the large heterogeneity between cities may introduce additional bias
to the estimation. The linkage between death registry and census in Hong Kong allows us to perform a
city-wide analysis in which the study population shares virtually the same cultural, lifestyle and policy
environment. This study aims to examine and compare the high and low temperature on morality in
Hong Kong, a city with a subtropical climate and address a key research question of whether the
extreme high and low temperature disproportionally affects population with lower SES. (2) Methods:
Poisson-generalized additive models and distributed-lagged nonlinear models were used to examine
the association between daily mortality and daily mean temperature between 2007–2015 with other
meteorological and confounding factors controlled. Death registry was linked with small area census
and area-level median household income was used as the proxy for socioeconomic status. (3) Results:
362,957 deaths during the study period were included in the analysis. The minimum mortality
temperature was found to be 28.9 ◦ C (82nd percentile). With a subtropical climate, the low temperature
has a stronger effect than the high temperature on non-accidental, cardiovascular, respiratory and
cancer deaths in Hong Kong. The hot effect was more pronounced in the first few days, while cold
effect tended to last up to three weeks. Significant heat effect was only observed in the lower SES
groups, whilst the extreme low temperature was associated with significantly higher mortality risk
across all SES groups. The older population were susceptible to extreme temperature, especially for
cold. (4) Conclusions: This study raised the concern of cold-related health impact in the subtropical
region. Compared with high temperature, low temperature may be considered a universal hazard to
the entire population in Hong Kong rather than only disproportionally affecting people with lower
SES. Future public health policy should reconsider the strategy at both individual and community
levels to reduce temperature-related mortality.
Keywords: H-EDRM; climate change; extreme temperature; climate change; socioeconomic
vulnerability; health disparities
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1. Introduction
The adverse effect of extreme temperature on human health has been intensively reported during
the last decade [1,2]. Epidemiological evidence shows that both high and low temperature were
associated with increased mortality and morbidity in western, Asian and African countries [3–5].
With the effect of climate change, extreme weather events are expected to be more frequent and
intensive in the future, which may impose a significant health burden in the years to come [6]. Previous
studies have also identified that temperature may pose different health impact to population with
different characteristics, some risk factors related to the vulnerability of extreme temperature include
pre-existing diseases, housing, behavior as well as socioeconomic status (SES) [7–9].
The association between health inequities and socioeconomic disparities have been well
established [10–12]. A number of research revealed that such disparities were also existed for
health effect induced by temperature [13,14]. Current research has shown inconsistent results on
whether socioeconomic disadvantages were associated with higher temperature-related health risk,
especially for cold weather [7,8,14,15]. Previous studies of such kind were mainly conducted by city or
country-level comparison [8,16,17]. This may be problematic since other confounding factors such
as lifestyle, behavior, temperature-related policy and acclimation are difficult to properly controlled.
An intra-city analysis has advantages to minimize the effect of other confounding factors. This was
rarely conducted in previously due to methodological challenges that SES data are often absent in
retrospective health-related data in most countries.
In Hong Kong, the mortality registry can be lined with area-level census data, which provide an
opportunity to perform such city-wide analysis in which the study population shares virtually the
same cultural, lifestyle and policy environment. Hong Kong is a developed metropolis with one of the
largest income disparities in the world. The Gini coefficient was reported to be 0.539 for original and
0.473 for after social benefit transfer and it continues growing in the last two decades [18]. The large
income disparity gap provides a good example with which to investigate the modifying effect of
SES on temperature. Many mortality and morbidity related to extreme temperature are predictable
and preventable [19]. As highlighted in UNISDR Sendai Framework and WHO health emergency
disaster risk management (Health-EDRM), understanding the health risk and vulnerable population
are priorities to reduce the exposure and adverse health consequences that are associated with disaster
and environmental hazards [20]. In this study, we aimed to (1) examine and compare morality risk
associated with high and low temperature in the subtropical city and (2) to address a key research
question of whether the extreme high and low temperature disproportionally affects population with
lower SES.
2. Materials and Methods
2.1. Environmental Data
Meteorological data including mean daily temperature, relative humidity and atmospheric
pressure from 1 January 2007 to 31 December 2015 were obtained from Hong Kong Observatory,
which is located at the center of the urban area. To adjust for the potential confounding effect of air
pollution, daily mean air pollutant data including nitrogen dioxide (NO2 ), Sulphur dioxide (SO2 ),
Ozone (O3 ) and particulate matter less than 2.5 µm aerodynamic diameter (PM2.5 ) of the same period
were collected from the Hong Kong Environmental Protection Department. The daily air pollution
variables were calculated by taking an average of ten general stations.
2.2. Mortality Data
The corresponding daily non-accidental mortality data were collected from the Hong Kong Census
and Statistics Department for analysis. The data also contain the cause of death, gender and age
for stratified analysis. Cause of death was also analyzed which classified according to International
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Classification of Diseases, Tenth Revision (ICD-10) non-accidental (A00-T99, Z00-Z99), cardiovascular
(I00-I99) and respiratory (J00-J98) diseases and cancer (C00-D48).
2.3. Socioeconomic Status Data
Several indictors have been chosen to reflect socioeconomic status (SES) in previous studies,
including education, income, occupation, and race/ethnicity [7,14,21–23]. To further capture the
multidimensional feature of SES, some studies used composite indices composed of multiple indicators
to represent an individual’s socioeconomic advantage [24–26]. However, many of those indices were
not officially adopted by local government, and aggregating SES may introduce additional bias when
interpreting. In this study, we used a signal measure indicator, the median monthly household income
(MHI) of a deceased person’s residential area, as a proxy to reflect the one’s socioeconomic status
(SES). Income is the most widely used SES indicator, which directly and indirectly affects access to
goods and services for health. In the 2011 Hong Kong census, the territory of Hong Kong was divided
into 289 small areas, which are also known as Tertiary Planning Units (TPUs). To minimize issues
regarding privacy, TPUs with a population less than 1000 were merged into the nearby TPUs to form
209 TPU clusters. One TPU was intentionally excluded due to the entire population within the area
being prisoners, and therefore 208 TPU clusters were included in the final analysis. All TPU clusters
were then grouped into four levels using the quartering method according to its MHI (52 TPU clusters
in each group, where 1 indicates the group with highest SES and 4 is the lowest SES group), to evaluate
whether there were differences in the effect of temperature on all non-accidental and cause-specific
mortality (Figure 1). Each death record was linked with an SES group code according to his/her
residential area by the TPU code.

Figure 1. The geographical distribution of socioeconomic status (SES) groups by median monthly
household income of tertiary planning units (TPUs) in Hong Kong, where One = highest SES, shown in
green and Four = lowest SES, shown in red).
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2.4. Statistical Analysis
Distributed lag linear and non-linear models (DLNM) were performed to determine the association
between daily mortality and ambient temperature for each SES group. As daily mortality counts
generally follow an overdispersed Poisson distribution, a distributed lag model with a quasi-Poisson
regression was used to evaluate the health effect of heat and cold while adjusting for the temperature
at different lag days. The model used the following formula:
Log[E(Yt )]



= α + cb Tempt + ns(Humidity, df = 4)

+ns(Pressure, df = 4) + ns(O3 , df = 4)
+ns(SO2 , df = 4) + ns(NO2 , df = 4) + ns(PM2.5 , df = 4) + ns(Time, df = 9 × 7) + Dowt + Holidayt

where α is the intercept; cb is the crossbasis matrix built up with dlnm() package in R; ns(): smoothing
function using a natural cubic spline. A quadratic B-spline with three internal knots placed at the 10th,
75th and 90th percentiles of temperature was used to model the exposure–response relationship and a
natural cubic spline was fitted with three internal knots placed equally spaced in the log scale to model
the lag–response association [27]. 4 degrees of freedom (df) were used for potentially confounding
metalogical and air pollutant variables. The model uses a maximum lag period of 21 days to capture the
long delay of effects of cold and to exclude deaths that were advanced by only a few days (harvesting
effect) [28,29]. The long-term and seasonality effect was controlled using 7 df per year. Day of the week
(Dow) and local public holidays were also adjusted in the model. The Akaike Information Criterion for
quasi-Poisson (Q-AIC) values were used for the choice of the degree of freedom.
The relationship between temperature and mortality was summarized as the exposure–response
curve of relative risk (RR) accumulated across all lags. Minimum mortality temperature (MMT),
with its 95% confidence interval (95% CI), was calculated. RR for total death and each SES group were
estimated. Subgroup analyses for gender, age group (0–65 years and 65 years above) and cause-specific
death (cardiovascular, respiratory and cancer) were performed. The results show that the MMTs for
each subgroup analysis were close to 27 ◦ C, so that was chosen as the fixed reference temperature to
compare the temperature effect on each SES groups. Modelling choices were tested by a sensitivity
analysis using different degrees of freedom for temperature and long-term trends, and length of
maximum lag period. All analyses were performed using R project for statistical computing (version
3.6) packages dlnm and mgcv [30,31].
3. Results
3.1. Data Description
Hong Kong is a subtropical city with hot summer and mild winter. The mean and median daily
mean temperature during the study period were 23.5 ◦ C and 24.7 ◦ C, with a range between 8.4 and
32.4 ◦ C, respectively (Table 1). As a coastal city, the relative humidity is relatively high, with a median
of 79%. Overall, 362,957 non-accidental deaths were included in the analysis after excluding cases
without a valid TPU code (1.34%). There were more deaths in the lower SES group than higher SES in
Hong Kong, with daily mortality ranging from 0 to 26 cases in the highest SES group and 14 to 192 cases
in the lowest one (Table 2). Figure 1 shows the distribution of the TPU cluster by SES groups, of which
the highest cluster (Deep Water bay, HK$178,000 or US$22,960/month) has reported 20 times higher
median household income compared to the lowest (Tai O, HK$8000 or US$1031/month), indicating a
large SES disparity among districts in Hong Kong.
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Table 1. Descriptive statistics of metalogical and air pollutant variables.
Percentile
Variables
(◦ C)

Mean Temperature
Mean Relative Humidity (%)
Atmospheric pressure (hPa)
NO2 (µg/m3 )
O3 (µg/m3 )
SO2 (µg/m3 )
PM2.5 (µg/m3 )

Mean

Min

5th

25th

50th

75th

95th

Max

23.5
78.1
1012.7
41.2
51.2
13.9
31.4

8.4
29.0
992.2
11.4
4.9
3.2
4.9

14.2
58.0
1002.6
28.2
13.6
5.6
9.2

19.2
73.0
1007.9
38.3
21.7
8.4
15.8

24.7
79.0
1012.7
48.4
36.9
11.8
27.5

28.1
85.0
1017.7
61
56.1
16.9
42.5

30.0
95.0
1023.1
83.8
85.4
28.9
67.5

32.4
99.0
1029.8
152.5
139.3
80.6
138.5

Table 2. Descriptive statistics of daily mortality count in the study period.
SES Groups

Percentile
Min

5th

25th

50th

75th

95th

Max

Total

One—Highest SES
Two
Three
Four—Lowest SES

0
3
6
14

4
10
23
34

7
14
30
42

9
18
34
48

11
21
39
55

15
26
47
67

26
38
67
92

30,169
63,808
125,750
143,230

Total

31

86

99

109

120

143

192

362,957

3.2. Main Findings
As shown in Figure 2, the cumulative effect (lag 0–21) of cold posed a stronger effect on mortality
when compared to heat with the reference temperature of 28.9 ◦ C—the temperature with minimum
mortality (MMT). When an extremely low temperature occurs (12.9 ◦ C, 2.5th percentile of daily mean
temperature), the mortality rate is almost 1.5 times higher compared to 27 ◦ C. No significant overall
heat was identified in the lag period of 0 to 21 days. For the lag–response effect, the hot effect tended to
be more pronounced in the first 3 days with no harvesting effect. Meanwhile, the cold effect may last
up to 3 weeks after the low temperature occurs (Figure 3). The cumulative cold effect in relative risk
for lag 0–21 day was 1.463 (95% CI: 1.362, 1.571) and the heat effect for lag 0–3 days was 1.035 (95% CI:
1.011, 1.059) (Table 3). No overall clear harvesting effect in mortality was observed for both heat and
cold effect.
For cause-specific temperature on mortality (Figure 4), the high temperature was found to be
associated with significantly higher respiratory death, particularly among groups with the lower SES,
whereas heat effect was not significant for cardiovascular deaths. On the other hand, the cold impact
was significant for both cardiovascular and respiratory death and the effect was found to be generally
higher in all SES groups. The results also suggested that the heat effect for respiratory death was higher
than cardiovascular, whereas the cold effects were stronger for cardiovascular death than for respiratory
death. The effect of cold temperature on cancer mortality was significant, although the effect size was
much smaller than other causes. The cold effect on cancer deaths was found to be higher in lower
SES groups, whereas the more affluent groups were not significantly affected. High temperature was
found to be associated with increased mortality risk for cancer deaths.
Furthermore, the high temperature was associated with higher mortality risk among females
than males, but no clear gender difference was observed for cold effect (Figure 5). Compared with
the younger population, older individuals were generally associated with higher temperature-related
mortality, especially for low temperature. Significantly higher cold-related mortality risk was observed
in all SES groups, but heat-related mortality risk was only identified in the lowest SES group.
To compare the effect of high and low temperature among SES groups, the RR for each SES group
were estimated (Figure 4). For non-accidental death, heat effect was found to be only significant in
lower SES groups (Group Three: 1.039 (95% CI: 1.001, 1.078), Group Four: 1.040 (95% CI: 1.005, 1.076),
while the cold effect was found to be significant across all SES groups (Figure 4).

237

Int. J. Environ. Res. Public Health 2020, 17, 7326

Figure 2. The cumulative effect (lag 0–21 days) of daily mean temperature on non-accidental mortality
during 2007 and 2015 with the distribution of daily mean temperature at the bottom (number of days).
The dashed in the middle indicates the minimum mortality temperature (28.9 ◦ C) the two vertical lines
on the sides indicates the 2.5th (12.9 ◦ C) and 97.5th (30.3 ◦ C) percentile of the daily temperature during
study period.

Figure 3. The Lag–response effect distribution during the 21 days lag period after exposed to a low
(12.9 ◦ C, 2.5th percentile) and high (30.3 ◦ C, 97.5th percentile) temperature compared to reference
temperature (27 ◦ C).
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Figure 4. The cold (12.9 ◦ C, 2.5th percentile at lag 0–21) and heat effect (30.3 ◦ C, 97.5th percentile
at lag 0–3) compared to 27 ◦ C by cause of death and SES groups (where One = the highest SES,
Four = lowest SES).

Figure 5. The cold (12.9 ◦ C, 2.5th at lag 0–21) and heat effect (30.3 ◦ C, 97.5th at lag 0–3) on non-accidental
deaths compared to 27 ◦ C by age, gender and SES groups where One = the highest SES, Four = the
lowest SES.
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Table 3. The relative risk (RR) for cold (12.9 ◦ C, 2.5th percentile at lag 0–21) and heat effect (30.3 ◦ C,
97.5th percentile at lag 0–3) compared to 27 ◦ C with 95% confidence interval.
Non-Accidental

Cardiovascular

Respiratory

Cancer

SES Group

Cold

Heat

Cold

Heat

Cold

Heat

Cold

Heat

One

1.622 *
(1.485, 1.771)

1.031
(0.964, 1.103)

2.026 *
(1.755, 2.339)

0.998
(0.874, 1.140)

2.009 *
(1.713, 2.356)

0.921
(0.797, 1.064)

0.976
(0.850, 1.121)

1.080
(0.964, 1.211)

Two

1.518 *
(1.337, 1.723)

1.036
(0.985, 1.089)

1.893 *
(1.707, 2.100)

1.043
(0.945, 1.152)

1.851 *
(1.510, 2.268)

1.023
(0.920, 1.138)

1.009
(0.916, 1.111)

1.072
(0.991, 1.160)

Three

1.457 *
(1.320, 1.607)

1.039 *
(1.001, 1.078)

1.748 *
(1.619, 1.888)

1.000
(0.933, 1.071)

1.575 *
(1.278, 1.940)

1.058
(0.977, 1.145)

1.094
(1.018, 1.176)

1.012
(0.956, 1.071)

Four

1.506 *
(1.378, 1.645)

1.040*
(1.005, 1.076)

1.888 *
(1.764, 2.019)

1.030
(0.969, 1.095)

1.626 *
(1.364, 1.938)

1.099 *
(1.022, 1.182)

1.142 *
(1.068, 1.223)

1.008
(0.955, 1.064)

All

1.463 *
(1.362, 1.571)

1.035 *
(1.011, 1.059)

1.794 *
(1.645, 1.955)

1.004
(0.961, 1.048)

1.525 *
(1.312, 1.772)

1.049 *
(0.999, 1.101)

1.081 *
(1.037, 1.127)

1.025
(0.991, 1.060)

* Statistically significant at α ≤ 0.05.

4. Discussion
This study is the first study to investigate the SES-related disparities on the mortality risk associated
with the high and low temperature in Hong Kong. A J-shape temperature–mortality association
was identified for this subtropical urban metropolitan city. Results are consistent with previous
studies, suggesting that the cold effect is stronger than heat effect in most populations across many
countries [27,32,33], and in subtropical cities such as São Paulo [34], Guangzhou [29] and Taipei [27].
The finding provides supporting evidence to the hypothesis that population living in a warmer climate
are more adapted to cope with high temperatures, and more susceptible to cold weather.
The minimum mortality temperature in Hong Kong was found to be 28.9 ◦ C, at 82% percentile of
the daily mean temperature in the study period, which was generally consistent with the finding from
other studies conducted on population with similar climate [21]. One study examined the relationship
between temperature and mortality in 66 Chinese communities found that the MMT was 27.4 ◦ C in
southern China, which is the highest compared to other regions in China [35]. Country-wide and
worldwide studies found that the MMTs are usually higher in warmer regions [27,33,35,36]. Moreover,
the MMT identified in this study was slightly higher than the mortality threshold (28.2 ◦ C) reported in
a previous local study [21] which used the data from 1998–2006. One assumption could be that the
population are adopting the increasing temperature with the effect of climate change [3,37,38], leading
to a slightly higher tolerance of hot weather. With the effect of climate change, some studies anticipated
that heat-related mortality will increase and eventually compensate for the reduction in cold-related
death after 2050 [39]. Other studies suggested that despite the fact that the cold burden will be reduced
by the relative effect, heat-related death will remain high across the entire 21st century [40], and the
net effect may be inconsistent and subject to local context [41,42], indicating that it is still too early to
neglect the health impact of cold weather in the coming decades.
The climate in subtropical regions typically has a very hot summer and less harsh winter. Residents
are usually acclimated to a high temperature, which was considered as an important reason why an
overall insignificant effect of heat was observed in this study [29,43]. In Hong Kong, the air condition
was commonly installed in almost all indoor areas and public transports. The actual exposure of
the population could be substantially reduced. However, the study found that the 3-day cumulative
heat effect was significantly higher among areas with lower SES, which was also reported in some
local and international studies [21,44,45]. A possible reason may be due to the characteristics of
housing. The buildings in low-income areas tend to have a higher proportion of old buildings with
poor ventilation and insulation. Hong Kong is a city with the highest housing price in the world,
and individuals who suffer from poverty usually live in subdivided or temporary dwellings [46].
Those dwellings are often small with poor ventilation, in which heat can be easily trapped inside.
This study found that the cold effect was significant across all SES groups for non-accidental,
cardiovascular, respiratory and cancer death. The result also shows a counterintuitive pattern that
communities with higher SES were associated with higher cold-related mortality risk, which despite
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the differences was not statistically significant. Although this kind of analysis was rarely conducted in
previous studies, some reported similar results [15]. In Hong Kong, communities with lower SES tends
to have higher living density and stronger urban heat island effect [47]. This may suggest that the urban
heat island effect may have potential benefit against cold weather in highly urbanized populations,
which has been reported recently elsewhere [48]. The universal impact of low temperature on mortality
may also be due to the low prevalence of central heating. Despite the high air condition coverage
in Hong Kong, most air conditioning devices do not have heating functions and buildings were not
designed to restore heat.
A stronger cold effect was identified on cardiovascular than respiratory mortality, which was
consistent with previous local and international studies [34,49]. Previous physiological studies
suggested that exposure to low temperature may cause elevated blood pressure [50,51],
blood viscosity [52], plasma cholesterol and the tendency of blood clot formation in the vessels [53].
Changes in those risk factors may subsequently increase the risk of cardiovascular death. When a
high-temperature event occurs, the risk of respiratory death increases as the SES decreases and only
individuals living in the lowest SES group were significantly associated with higher risk. A similar
pattern was also generally observed for cardiovascular death, despite the effect for all SES groups
not being statistically significant. Some earlier local and international studies indicated that the area
with lower SES was disproportionally affected by a higher concentration of air pollutants [54,55] and
may pose both short and long term adverse effects on health [56,57]. A US study also suggested that
in a large city, the exposure of NO2 concentration is significantly higher for individuals with lower
household income [54]. A local study showed that areas with a high level of social deprivation were
associated with higher exposure to PM2.5 [24]. Furthermore, the effect on air pollution on mortality
may also be modified by that temperature. Some studies found that an adverse effect of particulate
matter on mortality is stronger under hotter weather in Chinese and European populations [58,59].
The disparity further supports that individuals living in a lower SES community had a higher relative
risk after exposure to hot weather, especially for respiratory deaths. This study also identified that
cold temperature was associated with significantly higher cancer mortality risk. Several recent studies
suggested that cold temperature could be an independent risk factor for cancer [60]. Cold exposure
may increase metabolic stress, may contribute to tumorigenesis and higher cancer deaths [61]. A study
used data from 166 countries and found a positive association between cancer mortality rate and serum
average total cholesterol, which could act as a mediator of cancer development [62]. Unlike other
causes, a significant cold effect was only observed in groups with lower SES. higher deprivation and
lower-income have been linked with higher cancer incidence and mortality rate due to inequalities
on lifestyle, environmental factors and access to services [63,64]. However, the cold effect on cancer
and the role of SES have been underreported in current literature, which may be a potential gap for
future research.
Significantly higher cold-related mortality risk was found for both males and males, and gender
difference was found to be minimum for cold effect. However, females were found to be more
susceptible to high temperature. Such a pattern has also been found in a local study [21] and
studies elsewhere [8,65]. Older age is a well-known factor associated with higher susceptibility to
temperature-related mortality risk [8,29,66,67], and this study found no exception, especially for low
temperatures. No clear intra-SES group heterogeneity was identified in both age groups for low
temperature effect. However, older persons in the lower SES group were significantly associated
with higher heat-related mortality risk, whilst high temperature only posed a very minimum effect
to their counterparts in better-off groups. A UK study found that lower SES was associated with a
higher uptake of protective measures when experiencing hot weather [68]. A local study indicated
that low-income individuals did not have the same level of protective measures, and that some may
face financial constraints and still have to work outdoors under hot weather [69]. However, a recent
local study found that higher income and education level were not associated with a higher prevalence
of protective behavior during cold weather, and vulnerable groups such as the older population
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commonly underestimated their health risk [70], which partially explained the universal cold effect
across all SES groups.
In the UK and Spain, cold weather has been recognized as a major public health concern at the
national level, even though the weather during the winter in the two countries is generally milder
compared to many other European countries. Nevertheless, the health impact of cold weather has
not received adequate attention in Hong Kong, and only limited public services are made available
when low temperatures occur [71]. Future policy should consider establishing a holistic strategy to
enhance the protective measures at both individual and community levels and reduce the mortality
and morbidity associated with low temperature.
A limitation of this study, which is shared by many other researchers of this kind, is the selection
of SES measures. The small area level SES may not directly reflect the SES at the individual level.
Future multilevel studies with both small areas and individual measures should be conducted,
to further understand the effect of SES on the association between temperature and adverse health
outcome. Moreover, the actual temperature exposure may vary from person to person, and outdoor
ambient temperature may not reflect the exposure if a person spends more of the time in the indoor
environment. Some behavioral and physiological factors such as lifestyle and pre-existing diseases
may not necessarily be associated with SES, but have also proven to be related to personal exposure
and the outcome of extreme temperatures.
5. Conclusions
Despite the fact that Hong Kong has a milder winter climate, the overall cold effect was found
to be much stronger and last for a longer period than the heat effect on mortality in Hong Kong.
The subpopulation with lower SES is more vulnerable to high temperature, but low temperature
universally affects the entire population across all SES groups in Hong Kong. A higher cold effect was
observed in groups with the highest SES, despite the different was not statically significant. The heat
island effect is a risk factor for heat-related deaths, but it may provide a protective effect during
cold weather. This study raises the concern of the health effect of low temperature in subtropical
regions, which should be recognized as an important public health issue at territory level. Strategies
on mitigating the cold effect should not only focus on populations with lower SES; additional public
services should be provided for different socioeconomic classes in Hong Kong.
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