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on environmental disasters and individuals’ emergency preparedness in the perspective of 
psychology and behavior.
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Abstract: Individual perception of disaster risk is not only the product of individual factors, but also

the product of social interactions. However, few studies have empirically explored the correlations

between rural residents’ flat social networks, trust in pyramidal channels, and disaster-risk percep-

tions. Taking Sichuan Province—a typical disaster-prone province in China—as an example and

using data from 327 rural households in mountainous areas threatened by multiple disasters, this

paper measured the level of participants’ disaster-risk perception in the four dimensions of possibility,

threat, self-efficacy, and response efficacy. Then, the ordinary least squares method was applied to

probe the correlations between social networks, trust, and residents’ disaster-risk perception. The

results revealed four main findings. (1) Compared with scores relating to comprehensive disaster-risk

perception, participants had lower perception scores relating to possibility and threat, and higher

perception scores relating to self-efficacy and response efficacy. (2) The carrier characteristics of

their social networks significantly affected rural residents’ perceived levels of disaster risk, while

the background characteristics did not. (3) Different dimensions of trust had distinct effects on rural

residents’ disaster-risk perceptions. (4) Compared with social network variables, trust was more

closely related to the perceived level of disaster risks, which was especially reflected in the impact

on self-efficacy, response efficacy, and comprehensive perception. The findings of this study deepen

understanding of the relationship between social networks, trust, and disaster-risk perceptions of

rural residents in mountainous areas threatened by multiple disasters, providing enlightenment for

building resilient disaster-prevention systems in the community.

Keywords: social networks; trust; risk perception; multiple disasters; China

1. Introduction

Natural disasters are events in which natural changes exceed what can be borne by
humans, thereby causing harm to human society and the economy [1]. Natural disasters
mainly include geophysical disasters—such as earthquakes and volcanoes—and disasters
caused by weather or climate—such as floods, storms, and landslides. In recent years, with
changes in global climate and increases in the scope and intensity of human activities, the
frequency and degree of harm of various natural disasters have risen significantly, which
has had far-reaching impacts on global economic and social development. In 2019, nearly
1900 natural disasters displaced 24.9 million people in 140 countries and regions, causing
an estimated 137 billion dollars in economic losses according to the Internal Displacement
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Monitoring Centre and the Swiss Re Institute [2,3]. It is worth noting that Asia was among
the most affected regions, both in terms of the number of people affected and the economic
losses caused.

Mountainous areas, in addition to being regions with frequent natural disasters,
are also characterized by chain reactions and mass occurrence of disasters. Residents in
mountainous areas, especially rural residents, live in scattered communities with weak
economic foundations and insufficient awareness of disaster prevention, all of which lead
to more severe disaster threats [4,5]. China is a mountainous country: mountains account
for 69% of the total land area and 45% of the population live in mountainous areas [6–8].
China is also a disaster-prone country [9]. From 2010 to 2018, about 244 million people
were affected by natural disasters in China, resulting in direct economic losses of about
3520.4 billion yuan [10]. These disasters included 129 earthquakes with a magnitude of
five or above and 117,299 geological disasters such as landslides and debris flows.

In regions where multiple disaster risks coexist and there is a risk of serious harm, ef-
fective risk management has become a challenge for governments and academia. However,
previous studies on disaster-risk management have primarily focused on single types of
disasters such as earthquakes, floods, or landslides [11–13]; there has been little attention
paid to situations where the risk of multiple disasters coexists. Furthermore, the research
areas were mainly in developed countries such as the USA and in Europe [14–16], with
relatively few in developing countries or in Asia.

Many empirical studies have shown that residents’ risk perceptions will prompt them
to take active risk mitigation actions [17,18]. For example, Miceli et al. [19] investigated the
relationship between flood risk perceptions and prevention preparedness of residents in the
northern Italian mountains, and found that residents’ anxiety and perceptions of flood-risk
possibility were positively correlated with prevention preparedness. Xu et al. [20] explored
the correlation between landslide risk perception and prevention behavior and found that
residents’ perceived levels of the possibility and threat had significant and positive effects
on active disaster preparedness. As disaster-risk perception plays an important role in
the construction of disaster prevention and reduction systems at the family level, theories
relating to disaster-risk perception are attracting increasing attention from scholars and
managers. Disaster-risk perception evaluates the levels of an individual’s impression and
awareness of disaster risks. Based on different goals, scholars have measured disaster-
risk perceptions from different dimensions, including the possibility, impact, severity,
controllability, and fear of disaster risks [19,21–23]. However, as the final point of disaster-
risk management is the level of disaster prevention and mitigation activity, considering
only how people feel about the disaster event itself fails to closely combine residents’ risk
perceptions with corresponding adaptive behaviors.

On the basis of previous disaster-risk perception studies, some scholars have under-
taken additional exploration of the relationships among residents’ self-efficacy, response
efficacy, risk perceptions, and individual adaptive actions [17,24–26]. In essence, the in-
trinsic meaning of residents’ self-efficacy and response efficacy for disaster risks is the
perception evaluation that they use to solve and deal with the disaster threats, respec-
tively [27,28]. Therefore, in a broad sense, residents’ self-efficacy and response efficacy
for disaster risks also belong to residents’ perceptions of disaster risks. Theoretically, it is
feasible to integrate these two dimensions and disaster-risk perceptions into generalized
disaster-risk perceptions. This study considered that generalized disaster-risk perception
should include the perception evaluation of the disaster risk event itself as well as the
degree of mitigation that can be achieved. However, few scholars have explored the in-
tegration of these two aspects; therefore, there is still a need to measure residents’ levels
of generalized disaster-risk perception so that these can be more closely connected to
residents’ adaptive actions.

In terms of the factors that influence residents’ disaster-risk perceptions, many studies
have focused on the impact of socio-economic factors of individuals and families—such as
gender, age, education, duration of residence, family population, etc.; disaster experience—
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including whether they had experienced a disaster, the number of times of disaster experi-
ence, etc.; and response preparation—such as building reinforcement, disaster insurance,
etc. [20,29–33]. Social networks are a form of social resource that can provide people
with social support [34]. Especially in mountainous rural areas with relatively isolated
information, social networks can become the carrier of disaster-risk information, affecting
individuals’ thinking and judgment regarding disaster risks, and thus continuously ad-
justing residents’ perceptions of disaster risks [35–38]. Therefore, residents’ perceptions
of disaster risks are not only the product of personal factors, but also the product of in-
terpersonal and social interaction processes. However, previous academic research has
mostly analyzed social networks as a part of social capital and social support, and there has
been little empirical research on the correlation between social networks and disaster-risk
perceptions [39,40]; that is, previous research approaches have failed to characterize social
networks as carriers. Therefore, the challenge of measuring social networks reasonably,
according to their characteristics, and then determining relationships between social net-
works and disaster-risk perceptions is worth exploring. In addition, inside the community,
residents get some services from the community management organization and are also
bound by it to a certain extent. Previous studies have shown that residents’ trust in com-
munity management organizations is a key factor affecting their perceptions of disaster
risks [32,40,41]. In fact, the information and safeguard measures confirmed and released
by management organizations generally come from higher-level formal organizations with
high authority and credibility, indicating that residents’ trust in community management
organizations is trust in formal pyramidal channels [42]. However, the information and the
support contained in social networks are more accessible but less exact, which shows the
informal flat characteristics of social networks [43]. Accordingly, the effects of these two
different types of channels on residents’ perceptions of disaster risks are another question
worth exploring.

In this context, taking Sichuan Province—a typical disaster-prone province in China—
as an example, and selecting residents in mountainous areas threatened by earthquakes,
landslides, mountain torrents, and other disasters as the research object, this study mea-
sured the level of the interviewees’ disaster-risk perception in terms of the four dimensions
of possibility, threat, self-efficacy, and response efficacy. Furthermore, the ordinary least
squares method was used to probe the correlations and differences between social networks,
trust in community management organizations, and residents’ disaster-risk perceptions to
enrich the relevant research and provide reference for the government to formulate disaster
prevention and mitigation measures.

2. Material and Methods

2.1. Research Area

Located in southwest China, Sichuan Province is dominated by hills and mountains
which account for about 90% of the total area [44–46]. Sichuan is a typical disaster-prone
province in China. Apart from earthquakes, there are also geological disasters such as
landslides and mud-rock flows. From 2008 to 2018, 19 earthquakes of magnitude five or
above occurred in Sichuan province, causing a total of 460,000 casualties and 856.8 billion
yuan of direct economic losses, accounting for 12.34% of the total number of earthquake
disasters of magnitude five and above nationwide, 95.04% of the total number of disaster
casualties nationwide, and 83.13% of direct economic losses nationwide caused by disasters.
Additionally, a total of 18,518 geological disasters such as landslides and mud-rock flows
have occurred in Sichuan Province, causing 1390 casualties and eight billion yuan of
direct economic losses; these accounted for 11.99% of all geological disasters, 16.45% of all
casualties, and 13.60% of direct economic losses nationwide [10]. Of these disasters, the
Wenchuan earthquake on 12 May 2008 (8 on the Richter scale) and the Lushan earthquake
on 20 April 2013 (7 on the Richter scale) caused huge casualties and economic losses to
local residents [23,47]. Considering the non-negligible impact of earthquake disasters on
residents in multi-disaster environments, this study selected the mountainous areas hit
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by the Wenchuan and Lushan earthquakes as the representative research areas within
Sichuan Province.

2.2. Data Sources

The data applied in this paper are primarily from a questionnaire survey conducted
in July 2019 by the research group in the mountainous areas affected by the Wenchuan
and Lushan earthquakes. This survey mainly investigated rural residents’ sustainable
livelihoods, disaster-risk perceptions, disaster-avoidance behaviors, and the construction
of resilient disaster-prevention systems in the community. The survey method was a
face-to-face interview of residents for about 90 min. To ensure the representativeness of
the selected samples, stratified sampling and then equal probability random sampling
were used to determine the research samples [48]. First, considering that the sampled
counties should come from areas affected by Wenchuan and Lushan earthquakes and
that at least two counties with significant differences in economic development should be
selected from the same disaster area, Beichuan County and Pengzhou City (Pengzhou City
is a county-level city) were selected as sample counties from 10 counties stricken by the
Wenchuan Earthquake, and Baoxing County and Lushan County were selected as sample
counties from six counties hit by the Lushan Earthquake. Second, according to differences
in the level of economic status within a county, the distance from the center of the county
and the severity of the disaster, two sample townships were chosen from each sample
county. In this way, a total of eight sample towns were obtained. Third, the villages in each
sample town were divided into two groups according to the number of threatened people,
the difference in economic development level, and the distance from the center of the town,
and one village was randomly chosen from each group. By these means, 16 sample villages
were obtained in all. Finally, in each sample village, 20–23 rural households were randomly
chosen with reference to a roster and random number chart [33,34,49]. According to the
survey, there are a total of 1145 disaster-threatened households in 16 selected villages.
Further, based on the above process, a total of 327 valid questionnaires were gained from
16 villages in 8 townships in 4 counties. The spatial locations of the sample counties and
townships are shown in Figure 1.

α

Figure 1. Distribution of sample counties and townships.4
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2.3. Variables and Methods

2.3.1. Selection and Definition of Model Variables

(1) Dependent variables
The dependent variables in this paper were rural residents’ levels of disaster-risk

perception. As mentioned above, the disaster-risk perception explored in this study was
generalized, including the perception evaluation of the disaster-risk event itself and the
degree of mitigation that could be achieved. Referring to the measurement methods of
disaster-risk perceptions in existing literature [15,17,19,21,22,50], and combining with the
data characteristics of acquired questionnaires, this paper mainly categorized entries in
terms of four dimensions of disaster-risk perception—possibility, threat, self-efficacy, and
response efficacy—to measure the generalized disaster-risk perception. The specific entries
can be seen in Table 1. It is worth noting that, according to the survey, the types of disasters
threatening residents in the study area mainly included earthquakes, landslides, debris
flows, and mountain torrents. Therefore, this study relates particularly to these four types
of disaster, generically. In addition, since many studies have shown that the response
measures for different types of disasters are distinct, and residents’ perceptions of the
effectiveness of different response measures are also distinct [51–53], disaster mitigation
behaviors should be suitable for the four types of disasters and choose a clear response
behavior, as far as possible, to measure response efficacy. Several studies have shown that
evacuation—a common behavior to avoid disasters—can effectively reduce the adverse
impact of disasters on residents [33,54–56] and can be well adapted to a variety of disaster
types. Therefore, the response efficacy in this study specifically refers to the degree of
disaster-threat mitigation by evacuation.

Table 1. Measurement of disaster-risk perception.

Entry Code Dimension Item a Mean SD b

P1

Probability

In the next 10 years, there may be disasters near my home. 2.83 1.12

P2 I always feel that disasters will come one day. 3.08 1.32

P3
In recent years, the signs of disasters occurrence have become more

and more obvious.
3.17 1.35

T1

Threat

In the next 10 years, if a disaster occurs, your house and land will
be damaged.

3.84 1.14

T2
In the next 10 years, if a disaster occurs, your and your family’s lives

will be affected.
3.35 1.31

T3 If a disaster occurs, supplies will be cut off. 3.24 1.42

SE1

Self-efficacy

When a disaster occurs, you know the evacuation route. 4.17 1.16

SE2 You know the location of the emergency shelter in the village. 4.00 1.23

SE3
You know the disaster prevention and mitigation measures

in the village.
3.28 1.30

RE1

Response efficacy

Evacuation can effectively prevent injury/death. 4.37 0.88

RE2 If I evacuate, I will effectively avoid injury/death. 4.28 0.91

RE3 Evacuation can effectively reduce the emotional and physical pain. 4.33 0.90

Note: a The Likert scale was used for all entries, with 1 representing complete disagreement and 5 representing complete agreement;
b SD = standard deviation.

The specific measurement process was as follows. An internal consistency test was
carried out on the entries characterizing residents’ perceptions of disaster risks, with results
showing that Cronbach α values corresponding to the possibility, threat, self-efficacy,
response efficacy, and comprehensive perception of disaster risks were all greater than 0.60
(0.69, 0.63, 0.66, 0.81, and 0.65, respectively). This indicated that the entries were internally
consistent. Then, factor analysis was used to reduce dimensionality of the disaster-risk
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perception entries, and four dimensions of probability, threat, self-efficacy, and response
efficacy were obtained. Among these, the Kaiser–Meyer–Olkin value corresponding to
factor analysis was 0.72, the P value of the Bartlett test for sphericity was 0.000 (less than
0.001), and the cumulative variance contribution rate of the four dimensions was 64.62%;
all of these results indicated that the results of the factor analysis were reasonable (see
Table 2 for details). Then, the min-max standardization method was adopted to convert
the four-dimensional scores obtained through factor analysis into a centesimal system,
according to Equation (1). Finally, the ratio of the contribution rate of single dimensional
variance to the contribution rate of cumulative variance was used as the weighting to
calculate residents’ comprehensive perception of disaster risks according to Equation (2).

Xs
ij =

xij − min
(

xij

)

max
(

xij

)

− min
(

xij

) × 100 (1)

Xc
i =

4

∑
j=1

(Xs
ij × wj) (2)

Table 2. The component matrixes of each risk perception component after rotation.

Items

Component

Probability Threat Self-Efficacy Response Efficacy

P1 0.65 0.38 −0.09 0.09
P2 0.82 0.13 −0.22 0.05
P3 0.75 0.09 0.03 −0.11
T1 0.40 0.61 0.08 0.10
T2 0.35 0.72 0.07 0.11
T3 0.01 0.77 −0.09 −0.07

SE1 −0.13 0.19 0.70 0.17
SE2 −0.10 −0.03 0.79 0.07
SE3 0.02 −0.13 0.78 0.09
RE1 0.06 −0.03 0.09 0.86
RE2 0.02 −0.05 0.19 0.86
RE3 −0.07 0.17 0.06 0.81

Eigenvalue 1.96 1.74 1.84 2.21
Explained variance 16.37% 14.48% 15.34% 18.43%

Cumulative variance 16.37% 30.85% 46.19% 64.62%
Cronbach α 0.69 0.63 0.66 0.81

In Equations (1) and (2), Xs
ij is the score of the centesimal system in the j dimension of

disaster-risk perception of resident i, where i (i = 1, 2, ..., 327) represents the individual residents
in the sample, j (j = 1, 2, 3, 4) represents the four dimensions for measuring the disaster-risk
perception of rural residents; Xc

i is the calculated score of the comprehensive perception of
disaster risks of resident i; xij represents the factor comprehensive score in the j dimension of
the disaster-risk perception of resident i; min

(

xij

)

represents the minimum value of the factor
comprehensive score in the j dimension of disaster-risk perceptions of rural residents; max

(

xij

)

represents the maximum value of the factor comprehensive score in the j dimension of disaster-
risk perception of rural residents and wj refers to the ratio of the contribution rate of single
dimensional variance to the contribution rate of cumulative variance.

(2) Focal variables
The social networks of rural residents were a core independent variable in this study.

In the field of sociology research, there are usually two perspectives to discuss social
networks. First, the social network is regarded as an analytical tool, with which the
relationship between actors and the environment can be clarified [57]. The second is to
view the social network as a social structure made up of relationships between actors, and
the relationships contained in social networks become the research object [58]. Specifically,
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in this study, the social network was defined as the collection of nodes (typically referred
to as social actors) together with a set of ties (typically known as social relations) that
connect pairs of nodes [59], which can provide social support and share risk for people [60].
At present, there is not a recognized research paradigm for the study of social network,
and scholars have distinguishing emphases on the study of social network. At the micro
level, some scholars explored the structural characteristics of the internal nodes of social
networks; some focused on the roles of strong and weak ties [61,62]; and some were
concerned about the differences in social relations between different identities (such as
kinship, friendship, acquaintanceship, etc.) [63]. Different from the above studies, since
the data at each node were limited, the scale of this study was slightly expanded, that is, it
considered individuals’ social networks as a whole. In light of the measurement of social
capital at the individual level [39,64,65], indicators representing the overall background
characteristics of the social network can be selected as the scale, density, heterogeneity,
centrality, and quality of the social network. In addition, social capital represents potential
resources, which are in the network of personal relationships. In comparison to social
capital, the advantage of the social network is that it can express the actual carrier function
of social relations. In addition, Borgatti and Li [66] have shown that both ”hard” types
of ties (e.g., materials and money flows) and “soft” types of ties (e.g., friendships and
sharing-of-information) are crucial (and mutually embedded) in the supply chain context.
To sum up, taking into account the background characteristics of social networks as well
as their characteristics as carriers, and referring to research on the measurement of social
networks by Scherer and Cho [67], Heaney and Israel [60], Reininger, Rahbar, Lee, Chen,
Alam, Pope, and Adams [39], and Jones, Faas, Murphy, Tobin, and Mccarty [37], this study
categorized residents’ social network variables in terms of background characteristics and
carrier characteristics. Further, consider the characteristics of the data obtained, background
features are characterized by the scale and heterogeneity of the network, and carrier features
are measured by their substance and information transfer functions.

Specifically, Chinese New Year is the most important festival every year for all Chinese
people. During the Spring Festival, families get together and also pay New Year greetings
to relatives and friends. From the perspective of strong connection and weak connection,
“Spring Festival Greeting Networks” reflects the unique manifestation of social networks
in China and has been used as a common way of measuring social networks in recent
years [68,69]. In view of this, the number of relatives and friends who paid New Year
greetings by calling or visiting in the Spring Festival of 2018 was selected to measure
the scale of residents’ social networks [34]. Secondly, since the samples selected in this
study were rural residents, most of whom were engaged in agricultural activities or
types of work other than as teachers, doctors, civil servants, and other public servants in
public institutions, the number of public servants among residents’ relatives and friends
was selected to measure the heterogeneity of their social networks. In addition, cash
gifts for marriage and funerals are an important embodiment of the substance transfer
function of social networks in China. Therefore, the frequency of gift expenditure by
households in 2018 was used to measure the substance transfer function of residents’ social
networks. Finally, the information transfer function was measured via a Likert scale, with
1 representing complete disagreement and 5 representing complete agreement with the
statement “You often get disaster-related information from friends and relatives”.

As distinct from flat social networks, another core variable that this study focused on
was the degree of trust residents have in community management organizations. In China,
the village is the most basic unit of rural society and provides the long-term community in
which villagers live and work. As an autonomous form of organization at the grass-roots
level in China, villagers’ autonomous committees are responsible for the management of
villagers and village-level affairs. Therefore, this study mainly investigated villagers’ trust
in their village committee. Referring to research on the definition and measurement of trust
by McAllister [70], Luo et al. [71], Lee et al. [72], Ahsan and Dewan [73], Han et al. [74]
and Peng, Tan, Lin, and Xu [18], this study designed entries to measure residents’ trust in
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community management organizations in terms of three dimensions: cognitive trust, emo-
tional trust, and organizational trust. Relating to these, the preconditions for high cognitive
trust are reliable performance and excellent technical ability [75,76], which can encourage
residents to establish positive cooperative relations with the community and be willing
to seek information and help from community management organizations. High-caliber
emotional trust is formed from harmonious community relations and friendly interper-
sonal communication; it reflects the emotional bond between community members and
can promote mutual understanding and inclusiveness between residents and community
management organizations. Organizational trust is a comprehensive concept that indicates
residents’ overall degree of trust in the community management system. It is worth noting
that village committees belong to the most basic level of Chinese Government management
organizations, so the trust levels of residents in the community management system was
evaluated in terms of their degree of trust in the overall governmental system. The specific
measures of cognitive trust, emotional trust, and organizational trust are shown in Table 3.

Table 3. Measurement of residents’ degree of trust in community management organizations.

Entry Code Dimension Item a Mean SD b

CT1

Cognitive trust

In the face of future disasters, the community
management organization has taken active

preparedness measures.
3.92 1.00

CT2
If a disaster occurs, the community management
organization will provide information on what

to do.
4.12 0.94

AT1
Emotional trust

You are proud to live in this community. 3.82 1.10

AT2
Living in this village will give you more
satisfaction than living anywhere else.

4.11 0.92

OT1

Organizational trust

In general, you have faith in
government organizations.

4.46 0.84

OT2
People in the community have faith in the

decisions of the government.
4.28 0.88

Note: a The Likert scale was used for all entries, with 1 representing complete disagreement and 5 representing complete agreement;
b SD = standard deviation.

The specific measurement process for trust variables was the same as for the measure-
ment of disaster-risk perception, and therefore will not be repeated here. In the reliability
test, Cronbach α values corresponding to cognitive trust, emotional trust, organizational
trust, and overall trust levels were all greater than 0.60 (0.71, 0.69, 0.66, and 0.70, respec-
tively), indicating that the entries designed by this paper were internally consistent. In
factor analysis, the Kaiser–Meyer–Olkin value corresponding to factor analysis was 0.65,
the P value of the Bartlett test for sphericity was 0.000 (less than 0.001), and the cumulative
variance contribution rate of the three dimensions was 77.09%, which indicated that the
results of the factor analysis were reasonable (see Table 4 for details).

(3) Control variables
Referring to previous studies on the options of control variables (Salvati, Bianchi,

Fiorucci, Giostrella, Marchesini, and Guzzetti [15], Devilliers and Maharaj [29], Xu, Qing,
Deng, Yong, and Ma [33], Armas [77], Kellens et al. [78]), this paper selected the following
as control variables that may correlate with residents’ disaster-risk perception: individual
characteristics, family characteristics, community characteristics, and characteristics of
disaster experience. Specifically, individual characteristics were represented by gender,
age, marital status, duration of residence, and education; family characteristics were
described by family population, home address, and annual household income; community
characteristics were described in terms of the status of disaster prevention and control
in the community and the number of people threatened by disasters in the community;
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and, disaster experience characteristics were reflected by the number of disasters and the
severity of disasters experienced. The definitions of the model variables and the data
descriptions are provided in Table 5.

Table 4. The component matrixes of each trust component after rotation.

Items
Component

Cognitive Trust Emotional Trust Organizational Trust

CT1 0.87 0.10 0.10
CT2 0.84 0.11 0.20
AT1 0.14 0.87 0.05
AT2 0.06 0.87 0.14
OT1 0.03 0.13 0.90
OT2 0.36 0.07 0.77

Eigenvalue 1.62 1.54 1.47
Explained variance 26.95% 25.67% 24.47%

Cumulative variance 26.95% 52.62% 77.09%
CronbachCronbach ɑ 0.710.71 0.69 0.66

Table 5. Definition of model variables and data description (n = 327).

Category Variable Definition and Measure Mean Standard Deviation

Dependent
variables

Disaster-risk
perceptions

Probability
Scores for perception of the

possibility of disasters. a 49.81 19.63

Threat
Scores for perception of the

threat of disasters. a 60.56 19.18

Self-efficacy
Scores for perception of their

ability to take action to
prevent disasters. a

64.36 21.73

Response efficacy
Scores for perception of the

effectiveness of response
measures against disasters. a

77.94 16.75

Comprehensive
perception

Scores for comprehensive
perception of disasters. a 63.7 9.62

Focal
variables

Social
networks

Network scale

The number of households of
relatives and friends who

visited or called during the
Spring Festival of 2018

(households).

13.39 15.84

Network
heterogeneity

The number of relatives and
friends working in public

institutions (persons).
1.5 3

Substance transfer
function

The number of times of cash
gifts given by households in

2018 (times).
18.78 17.28

Information
transfer function

You often get disaster-related
information from friends and

relatives. b
3.37 1.28

Trust

Cognitive trust
The degree of cognitive trust
in community management

organizations. a
64.34 18.01

Emotional trust
The degree of emotional trust
in community management

organizations. a
62.71 20.75

Organizational
trust

The degree of overall trust in
the management system. a 73.32 18.53
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Table 5. Cont.

Category Variable Definition and Measure Mean Standard Deviation

Control
variables

Individual
characteristics

Gender
Responder’s gender

(female = 1, male = 0).
0.46 0.5

Age Responder’s age (years old). 53.41 13.5

Marital status
Responder’s marital status
(married = 1, unmarried,

widowed or divorced = 0).
0.87 0.35

Duration of
residence

Length of residence of
responder (years).

42.63 25.54

Education Years of education (years). 6.29 3.7

Family
characteristics

Family population Family population (persons). 4.13 1.82

Home address
Is your home address within

the disaster threat zone?
(yes = 1, no = 0).

0.53 0.50

Annual household
income

Total annual cash income of
household (yuan c).

Households (yuan c)
66,185.17 72,280.03

Community
characteristics

Disaster
prevention

The community has taken
some measures to

prevent/control disasters. b
3.89 1.08

Number of people
threatened by

disasters

The number of people in the
community threatened by

disasters (persons).
212.65 247.65

Characteristics of
disaster

experience

Number of times
The number of times of

disaster experience (times).
8.8 12.04

Severity

In general, how serious are
the disasters you have

experienced?
(Likert scale, not very

serious = 1, very serious = 5).

4.52 0.79

Note: a Centesimal system (0–100); b Likert scale with 1 representing complete disagreement and 5 representing complete agreement;
c 1 USD = 7.09 yuan (at the time of the study).

2.3.2. Theoretical Analyses and Research Hypotheses

In terms of social network factors, different characteristics of residents’ social networks
may have distinct effects on their perceptions of disaster risks in each dimension. Social
networks contain abundant material and information resources. Specifically, for elderly
rural residents in mountainous areas, social networks may be an important way to obtain
some material or information resources, but are also a crucial channel to obtain social
support and security [79]. First, the scale and heterogeneity indicate the background of
residents’ social networks; the larger the scale and the stronger the heterogeneity, the
more likely residents are to get material and emotional support from the networks. As a
result, they may be “fearless”, underestimating the possibility and threat of disasters and
overestimating their perceptions of self-efficacy and response efficacy [74,80]. Secondly,
although both substance and information transfer functions represent residents’ use of
social networks, substance transfer focuses on protection from risks, while information
transfer focuses on the prediction of risks. Therefore, although theoretically the effect of
the substance transfer function should be same as that of network scale and heterogeneity,
the difference is that the more frequently residents transmit disaster-related information
(especially information relating to the occurrence of and harm caused by disasters), the
more likely they are to have enhanced perception of the possibility and threat of disasters,
thereby weakening their self-efficacy and response efficacy evaluations [37,81].
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In terms of trust factors, the degree of trust in community management organizations
provided a comprehensive evaluation of the long-term performance of the management
organizations by residents, concretely reflecting their reliability judgment of the community
management organization’s ability to cope with disaster risks. The higher the degree of
trust, the more willing residents are to establish a positive cooperative relationship with
the community and actively seek information and help from the community management
organization [82,83]. At the same time, a high level of trust will form a strong emotional
bond within the community, which can provide strong emotional support for residents
and thus reduce their fear of disaster risks [84,85]. Therefore, in theory, a high level of trust
may reduce residents’ perceptions of the possibility and threat of disasters while increasing
their perceptions of the self-efficacy and response efficacy [11,40,86].

According to existing literature conclusions and theoretical analyses, the following
hypotheses were proposed for the relationship between rural residents’ social networks,
trust, and their disaster-risk perceptions:

Hypothesis 1 (H1). There is a significant correlation between the social networks of rural residents
in mountainous areas and their disaster-risk perceptions. Specifically:

Hypothesis 1a (H1a). The scale, heterogeneity, and substance transfer function of rural residents’
social networks are significantly and negatively correlated with their possibility and threat percep-
tions of disaster risks, significantly and positively correlated with their self-efficacy and response
efficacy, and significantly correlated with their comprehensive perceptions—with unclear effect.

Hypothesis 1b (H1b). The information transfer function of rural residents’ social networks
is significantly positively correlated with their possibility and threat perception of disaster risks,
significantly and negatively correlated with their self-efficacy and response efficacy, and significantly
correlated with the comprehensive perception—with unclear effect.

Hypothesis 2 (H2). There is a significant correlation between rural residents’ trust in community
management organizations and their perception of disaster risks. Specifically, cognitive trust,
emotional trust, and organizational trust are significantly and negatively correlated with their
possibility and threat perceptions of disaster risks, significantly and positively correlated with their
self-efficacy and response efficacy, and significantly correlated with their comprehensive perception—
with unclear effect.

2.3.3. The Models

The dependent variables in this study were rural residents’ perception of disaster risks.
According to the data types and distribution characteristics of the dependent variables,
this study used the Ordinary Least Squares (OLS) regression to control the characteristics
of the individual, family, and community, and then gradually added social networks and
trust variables to explore their correlations with residents’ perceptions of disaster risks.
The model was constructed according to Equation (3):

Yi = β0i + β1i × Controli + β2i × social networki + β3i × trusti + εi (3)

where Yi refers to the model-dependent variables, specifically including the five indi-
cators of possibility, threat, self-efficacy, response efficacy, and comprehensive percep-
tion; Controli represents the model control variables, including individual character-
istics, family characteristics, community characteristics, and characteristics of disaster
experience; social networki represents the model focal variables relating to social network
indicators; and trusti represents the model focal variables relating to trust in community
management organisations. In addition, β0i, β1i, β2i, and β3i are the parameters of the
model to be estimated, and εi represents model residuals. Analysis of the models in this
study was carried out by using Stata 13.0.
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3. Results

3.1. Descriptive Statistics of the Variables

As shown in Table 5, in terms of the dependent variable of residents’ perceptions of
disaster risks, the average scores of the four dimensions of possibility, threat, self-efficacy,
and response efficacy, as well as comprehensive perception, were 49.81, 60.56, 64.36, 77.94,
and 63.70, respectively. Considering these findings as well as the means of the entries
for each dimension of disaster-risk perception in Table 1 (the means of the entries for the
five dimensions were 3.02, 3.48, 3.82, 4.32, and 3.66, respectively), and taking the mean
score of comprehensive perception as the dividing line, the average perception score of
the possibility and threat of disaster risks was lower, while the average perception scores
of self-efficacy and response efficacy was higher. The reason for this may be that higher
evaluations of their self-efficacy and response efficacy reduced residents’ perceptions of
the possibility and threat of disaster risk.

In terms of social network variables, the average network scale was 13.39 households;
however, the mean value of network heterogeneity was only 1.5 persons. Additionally, the
mean of the substance transfer function of social networks was 18.78 times. The mean of
the information transfer function of social networks was 3.37, indicating that the frequency
of information transfer of social networks was above the intermediate level with a score
of 3. Regarding trust variables, the average score of cognitive trust, emotional trust, and
organizational trust was 64.63, 62.71, and 73.32, respectively. Considering these findings
in combination with the means of entries for each trust variable dimension in Table 3 (the
means of the entries for the three aspects were 4.02, 3.97, and 4.37, respectively) indicated
that the degree of trust in the management organization was at a higher level.

In terms of individual characteristics, the rural residents were mainly middle-aged,
married, and male. Specifically, the average age of the residents was 53.41 years old, 87%
were married and 54% were male. In addition, the average education level was 6.29 years
and the average duration of residence in the current family was 42.63 years. In terms of
family characteristics, 53% of the 327 rural residents believed that their families were in
disaster-threatened areas, the average population of the sample families was 4.13, and
the average annual household income was 66,185.17 yuan. The annual household income
fluctuated greatly, indicating that there were considerable differences among sampled
individuals. In terms of community characteristics, the main terrain of all 16 sample
villages was mountainous land, and the mean disaster prevention value in communities
was 3.89, indicating that most residents believed that some disaster prevention measures
had been taken in the community. The average number of people threatened by disasters
in communities was 212.65 persons. In terms of the disaster experience of the sampled
residents, the average number of disasters experienced by residents was 8.80, but there was
large fluctuation in this value. The mean value of the severity evaluation of the disasters
experienced was 4.52, indicating that most residents believed that the disasters they had
experienced were relatively serious.

3.2. Model Results

First, the Spearman rank correlation coefficient was used to test whether there was
multiple collinearity between focal variables of the model (Table 6). The results showed that
the correlation coefficients between focal variables were far less than 0.8, indicating that
there was no serious multicollinearity between focal variables. Secondly, corresponding
to the five dimensions of disaster-risk perception—including the possibility, threat, self-
efficacy, response efficacy, and comprehensive perception—and considering the role of
focal variables in the model, this study constructed 15 multiple linear regression models
by gradually adding in the social network and trust variables (Tables 7–9). Relating
to the dependent-variable indicators, the first model was the estimated result that only
incorporated control variables, the second model estimated the result from addition of
social network variables to the first model, and the third model estimated the result from
addition of trust variables to the second model.
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Table 6. Spearman rank correlation coefficient matrix of focal and control variables in the models.

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

1 1.000
2 0.000 1.000
3 0.000 0.000 1.000
4 0.079 0.058 −0.035 1.000
5 0.116 ** 0.086 −0.139 ** 0.346 *** 1.000
6 0.006 −0.022 0.068 0.018 0.036 1.000
7 −0.026 0.071 0.039 0.192 *** 0.164 *** 0.042 1.000
8 −0.047 −0.063 −0.063 0.164 *** −0.099 * 0.068 −0.015 1.000
9 −0.132 ** 0.095 * 0.197 *** −0.066 −0.091 0.037 −0.043 −0.208 *** 1.000
10 −0.053 0.102 * 0.132 ** −0.009 −0.033 0.109 ** 0.061 −0.169 *** 0.405 *** 1.000
11 0.043 0.051 −0.102 * 0.232 *** 0.327 *** −0.103 * 0.108 * −0.135 ** −0.494 *** −0.210 *** 1.000
12 0.064 −0.034 −0.008 0.130 ** 0.099 * 0.027 0.107 * 0.104 * 0.067 −0.014 0.037 1.000
13 −0.085 −0.236 *** −0.065 0.132 ** 0.118 ** 0.027 −0.059 0.156 *** −0.035 0.046 −0.087 −0.126 ** 1.000
14 0.119 ** −0.104 * −0.077 0.192 *** 0.054 0.080 0.192 *** 0.084 −0.314 ** −0.180 *** 0.187 *** 0.249 *** −0.026 1.000
15 0.156 *** 0.029 0.022 0.262 *** 0.245 *** 0.039 0.166 *** −0.059 −0.140 ** −0.035 0.246 ** 0.051 −0.179 *** 0.314 *** 1.000
16 0.517 *** 0.071 0.089 0.020 0.080 −0.052 −0.094 * −0.028 −0.039 −0.141 ** 0.086 0.017 −0.036 0.021 0.103 * 1.000
17 −0.069 −0.029 −0.137 ** 0.012 0.124 ** 0.060 0.046 −0.025 0.056 −0.033 0.082 0.013 0.051 0.036 0.094 * −0.119 ** 1.000
18 −0.055 −0.012 0.003 0.073 −0.064 0.160 *** 0.118 ** 0.031 0.006 0.009 −0.035 −0.017 0.062 0.033 0.094 * −0.038 0.149 *** 1.000
19 −0.015 −0.098 * 0.027 0.071 0.045 0.057 −0.032 −0.005 0.142 ** 0.109 ** −0.107 * 0.060 0.196 *** 0.015 0.177 *** −0.114 ** 0.151 *** 0.124 ** 1.000

Note: *** p < 0.01, ** p < 0.05, * p < 0.1. 1—cognitive trust, 2—emotional trust, 3—organizational trust, 4—network scale, 5—network heterogeneity, 6—substance transfer function of social networks,
7—information transfer function of social networks, 8—gender, 9—age, 10—duration of residence, 11—education, 12—marital status, 13—home address, 14—family population, 15—annual household income,
16—disaster prevention in the community, 17—number of people threatened by disasters in the community, 18—severity of disasters experienced by the respondent, 19—number of times of disasters experienced
by the respondent.
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Table 7. Estimation results of the impact of social networks and trust on rural residents’ possibility and threat perceptions
of disaster risks in a multi-disaster environment (standardization coefficient).

Variables
Possibility Threat

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Gender
−0.092 −0.094 −0.103 * −0.099 * −0.099 * −0.102 *

(−1.557) (−1.587) (−1.740) (−1.716) (−1.682) (−1.722)

Age 0.048 0.047 0.035 −0.192 *** −0.194 *** −0.192 **
(0.651) (0.646) (0.469) (−2.685) (−2.700) (−2.585)

Duration of residence
−0.024 −0.046 −0.057 0.029 0.038 0.041

(−0.399) (−0.759) (−0.942) (0.490) (0.628) (0.670)

Education
−0.062 −0.063 −0.078 −0.199 *** −0.213 *** −0.215 ***

(−0.921) (−0.911) (−1.113) (−3.016) (−3.090) (−3.080)

Marital status
−0.024 −0.034 −0.024 0.002 0.002 0.003

(−0.423) (−0.582) (−0.409) (0.031) (0.032) (0.055)

Home address
0.163 *** 0.167 *** 0.197 *** 0.094 0.093 0.092
(2.810) (2.879) (3.321) (1.639) (1.628) (1.549)

Family population
0.009 −0.018 −0.007 0.018 0.032 0.032

(0.140) (−0.292) (−0.111) (0.288) (0.510) (0.508)

Annual household income
−0.141 ** −0.158 ** −0.153 ** −0.079 −0.079 −0.074
(−2.287) (−2.524) (−2.461) (−1.303) (−1.275) (−1.194)

Disaster prevention in
the community

−0.088 −0.075 −0.072 −0.126 ** −0.130 ** −0.113 *
(−1.580) (−1.348) (−1.102) (−2.297) (−2.356) (−1.732)

Number of people threatened
by disasters in the community

0.024 0.020 0.018 0.051 0.048 0.042
(0.435) (0.360) (0.310) (0.919) (0.856) (0.739)

Severity of
disasters experienced

0.082 0.055 0.052 0.133 ** 0.149 *** 0.148 ***
(1.494) (0.971) (0.925) (2.457) (2.687) (2.642)

Number of times of disasters
experienced

0.000 0.006 0.017 −0.198 *** −0.199 *** −0.195 ***
(0.000) (0.103) (0.285) (−3.445) (−3.415) (−3.324)

Network scale
0.030 0.026 −0.037 −0.037

(0.489) (0.430) (−0.609) (−0.614)

Network heterogeneity
−0.002 −0.013 0.047 0.040

(−0.035) (−0.212) (0.764) (0.639)

Substance transfer function
0.106 * 0.111 ** −0.071 −0.066
(1.905) (2.012) (−1.295) (−1.204)

Information transfer function
0.093 0.086 −0.004 −0.002

(1.637) (1.519) (−0.079) (−0.031)

Cognitive trust −0.020 −0.025
(−0.302) (−0.383)

Emotional trust
0.149 *** 0.013
(2.646) (0.227)

Organizational trust
−0.038 −0.049

(−0.667) (−0.863)

N 327 327 327 327 327 327

F 2.654 *** 2.439 *** 2.495 *** 3.700 *** 2.905 *** 2.480 ***

R2 0.092 0.112 0.134 0.124 0.130 0.133

Adjusted R2 0.057 0.066 0.080 0.090 0.086 0.079

Note: The values in parentheses indicate the corresponding T values; *** indicates significant at the 1% level, ** indicates significant at the
5% level, and * indicates significant at the 10% level.
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Table 8. Estimation results of the impact of social networks and trust on rural residents’ self-efficacy and response efficacy
of disaster risks in a multi-disaster environment (standardization coefficient).

Variables
Self-Efficacy Response Efficacy

Model 7 Model 8 Model 9 Model 10 Model 11 Model 12

Gender
−0.104 * −0.099 * −0.091 −0.036 −0.035 −0.031
(−1.836) (−1.742) (−1.648) (−0.604) (−0.591) (−0.536)

Age −0.085 −0.086 −0.072 0.042 0.040 0.001
(−1.206) (−1.226) (−1.035) (0.576) (0.554) (0.018)

Duration of residence
0.048 0.030 −0.004 −0.049 −0.060 −0.081

(0.835) (0.522) (−0.076) (−0.815) (−0.999) (−1.356)

Education
0.235 *** 0.243 *** 0.255 *** 0.075 0.088 0.079
(3.649) (3.648) (3.886) (1.121) (1.275) (1.155)

Marital status
0.099 * 0.091 0.094 * 0.072 0.069 0.074
(1.786) (1.639) (1.731) (1.249) (1.191) (1.311)

Home address
0.002 0.005 0.060 0.020 0.017 0.047

(0.034) (0.090) (1.071) (0.335) (0.296) (0.812)

Family population
0.057 0.021 0.027 0.015 −0.016 −0.003

(0.955) (0.344) (0.464) (0.235) (−0.261) (−0.055)

Annual household income
0.076 0.063 0.049 −0.017 −0.020 −0.037

(1.284) (1.055) (0.845) (−0.280) (−0.327) (−0.603)

Disaster prevention in
the community

0.135 ** 0.152 *** 0.028 0.013 0.036 −0.015
(2.512) (2.829) (0.461) (0.224) (0.639) (−0.226)

Number of people threatened
by disasters in the community

−0.009 −0.002 0.009 −0.063 −0.051 −0.020
(−0.174) (−0.034) (0.161) (−1.110) (−0.913) (−0.366)

Severity of
disasters experienced

0.038 0.004 0.012 0.258 *** 0.232 *** 0.236 ***
(0.724) (0.076) (0.231) (4.671) (4.142) (4.310)

Number of times of disasters
experienced

−0.003 0.003 0.000 0.090 0.109 * 0.1000 *
(−0.060) (0.062) (0.003) (1.532) (1.853) (1.738)

Network scale
0.088 0.081 0.021 0.021

(1.521) (1.432) (0.340) (0.360)

Network heterogeneity
−0.082 −0.089 −0.110 * −0.076

(−1.379) (−1.534) (−1.784) (−1.259)

Substance transfer function
0.077 0.070 −0.020 −0.039

(1.440) (1.347) (−0.364) (−0.718)

Information transfer function
0.096 * 0.082 0.161 *** 0.139 **
(1.755) (1.531) (2.831) (2.495)

Cognitive trust 0.200 *** 0.041
(3.302) (0.653)

Emotional trust
0.172 *** 0.058
(3.251) (1.058)

Organizational trust
0.068 0.234 ***

(1.293) (4.241)

N 327 327 327 327 327 327

F 4.969 *** 4.302 *** 4.982 *** 2.507 *** 2.578 *** 3.278 ***

R2 0.160 0.182 0.236 0.087 0.117 0.169

Adjusted R2 0.127 0.139 0.188 0.053 0.072 0.117

Note: The values in parentheses indicate the corresponding T values; *** indicates significant at the 1% level, ** indicates significant at the
5% level, and * indicates significant at the 10% level.
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Table 9. Estimation results of the impact of social networks and trust on rural residents’ comprehensive perceptions for
disaster risks in a multi-disaster environment (standardization coefficient).

Variables
Comprehensive Perception

Model 13 Model 14 Model 15

Gender
−0.165 *** −0.163 *** −0.163 ***
(−2.840) (−2.813) (−2.875)

Age −0.086 −0.088 −0.106
(−1.192) (−1.244) (−1.485)

Duration of residence
0.002 −0.021 −0.054

(0.034) (−0.348) (−0.923)

Education
0.043 0.047 0.04

(0.650) (0.687) (0.591)

Marital status
0.077 0.066 0.076

(1.355) (1.172) (1.379)

Home address
0.137 ** 0.139 ** 0.198 ***
(2.385) (2.453) (3.482)

Family population
0.05 0.008 0.024

(0.819) (0.125) (0.393)

Annual household income
−0.076 −0.093 −0.104 *

(−1.246) (−1.519) (−1.743)

Disaster prevention in the community
−0.023 0.002 −0.08

(−0.422) (0.035) (−1.272)

Number of people threatened by
disasters in the community

−0.001 0.005 0.022
(−0.015) (0.097) (0.410)

Severity of disasters experienced
0.25 *** 0.212 *** 0.216 ***
(4.605) (3.862) (4.034)

Number of times of disasters experienced
−0.046 −0.03 −0.029

(−0.790) (−0.518) (−0.511)

Network scale
0.057 0.051

(0.955) (0.879)

Network heterogeneity
−0.078 −0.075

(−1.302) (−1.260)

Substance transfer function
0.054 0.046

(0.994) (0.866)

Information transfer function
0.178 *** 0.157 ***
(3.185) (2.872)

Cognitive trust 0.107 *
(1.723)

Emotional trust
0.204 ***
(3.772)

Organizational trust
0.112 **
(2.067)

N 327 327 327

F 3.394 *** 3.428 *** 4.100 ***

R2 0.115 0.150 0.202

Adjusted R2 0.081 0.106 0.153

Note: The values in parentheses indicate the corresponding T values; *** indicates significant at the 1% level, ** indicates significant at the
5% level, and * indicates significant at the 10% level.
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The F test results (Tables 7–9) showed that the overall significance of all models was
below the 1%, meaning that at least one of the focal variables was significantly correlated
with the dependent variables. Comparison of the adjusted R2 values of the three models
in each dependent variable dimension revealed that, with the exception of the adjusted
R2 value of the threat perception which decreased with the addition of focal variables, the
adjusted R2 values of the remaining four dependent variables all significantly increased
with the addition of the social network and trust variables. Specifically, for models 1−15,
sequentially, the goodness of fit for the probability perception was 5.7%, 6.6%, and 8.0%,
respectively; the goodness of fit for the threat perception was 9.0%, 8.6%, and 7.9%, re-
spectively; the goodness of fit for self-efficacy was 12.7%, 13.9%, and 18.8%, respectively;
the goodness of fit for response efficacy was 5.3%, 7.2%, and 11.7% respectively; and, the
goodness of fit for comprehensive perception was 8.1%, 10.6%, and 15.3%, respectively.
Due to the goodness of fit of models 3, 4, 9, 12, and 15, this study focused on the estimation
results of these five models and combined these with other models of each dependent
variable for the subsequent results analysis.

It can be seen from the estimated results of model 3 (Table 7) that residents’ perceptions
of the possibility of disaster risks were significantly and positively correlated with the
information transfer function of residents’ social networks (p < 0.05) and emotional trust
in the community management organization (p < 0.01). Specifically speaking, when other
conditions remained unchanged, for every one unit increase in the information transfer
function of residents’ social networks, their perceptions of the probability of disaster risks
increased by 0.111 units, on average; and, for every one unit increase in the emotional trust
in the community management organization, their perceptions of the probability of disaster
risks increased by 0.149 units, on average. In addition, control variables of gender (p < 0.1)
and annual household income (p < 0.01) both had significant negative impacts on residents’
possibility perceptions of disaster risk, while the home address (p < 0.01) had a significant
and positive impact on residents’ perceptions of the possibility of disaster risk. In other
words, male residents with low annual household income and whose home addresses are
threatened by disasters tended to think that disasters were more likely to occur.

Regarding residents’ perceptions of the threat of disaster risks, after adding social net-
work and trust variables on the basis of model 4, which contained only control variables, the
goodness of fit of model 6 was reduced; this may have been caused by the insignificant effects
of the two focal variables on the threat perception of disaster risk. As the estimation results of
model 4 had good goodness of fit for the threat-perception models shown (Table 7), gender
(p < 0.1), age (p < 0.01), education (p < 0.01), the number of disasters experienced, and disaster
prevention in their communities (p < 0.05) were significantly and negatively correlated with
the perceived threat of disaster risks. However, the severity of the disasters experienced by the
resident (p < 0.05) was significantly positively correlated with the perceived threat of disaster
risk. The estimation results of model 5 and model 6 (Table 7) revealed the same significant
variables as for model 4, but several variables (age, disaster prevention in communities, and
severity of experienced disasters) were distinguishing at significant levels. Therefore, on the
basis of the estimation results of these three models, it was concluded that male residents who
were younger, less educated, and less prepared for disasters in their communities, and had
experienced fewer disasters but more severe ones, had higher perceived threat of disaster risk.

In terms of residents’ perceptions of self-efficacy relating to disaster risks, it can
be seen from the estimated results of model 9 (Table 8) that cognitive trust (p < 0.01)
and emotional trust (p < 0.01) were significantly and positively correlated with residents’
perceptions of self-efficacy relating to disaster risks, while social networks had no significant
effect on their self-efficacy perceptions. To be specific, when other conditions remained
unchanged, for every one unit increase in cognitive trust in the community management
organization, residents’ perceptions of self-efficacy relating to disaster risks increased
by 0.200 units, on average; and, for every one unit increase in emotional trust in the
community management organization, their perceptions of self-efficacy relating to disaster
risks increased by 0.172 units, on average. It is also worth noting that, according to the
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estimated results of model 8 (Table 8), the substance transfer function of residents’ social
networks was significantly positively correlated with their self-efficacy perceptions (at
the 0.1 level). However, this feature was no longer significant after the inclusion of trust
variables, which may have been caused by the insufficient explanatory power of the
substance transfer function of the social network compared to the impact of trust variables
on the self-efficacy of residents. In addition, the control variables of education (p < 0.01) and
marital status (p < 0.1) both had significant and negative impacts on residents’ self-efficacy
perceptions relating to disaster risks. In other words, married residents who were more
educated tended to think that they were better able to take action to prevent disasters.

In terms of residents’ perceptions of the response efficacy relating to disaster risks,
according to the estimated results of model 12 (Table 8), the substance transfer function of
residents’ social networks (p < 0.05) and organizational trust (p < 0.01) were both signifi-
cantly and positively correlated with the response efficacy for disaster risks. Specifically
speaking, when other conditions remained unchanged, for every one unit increase in the
substance transfer function of residents’ social networks, their perceptions of response
efficacy of disaster risks increased by 0.139 units, on average; and, for every one unit
increase in organizational trust in the community management organization, their percep-
tions of response efficacy relating to disaster risks increased by 0.234 units, on average.
In addition, the control variables of the severity of experienced disasters (p < 0.01) and
the number of experienced disasters (p < 0.01) both had significant positive impacts on
residents’ perceptions of response efficacy relating to disaster risks. In other words, the
more severe and frequent disasters experienced by residents, the stronger their perceptions
of response efficacy relating to disaster risks.

In terms of residents’ comprehensive perceptions of disaster risks, according to the
estimated results of model 15 (Table 9), the substance transfer function of residents’ social
networks (p < 0.01), cognitive trust (p < 0.1), emotional trust (p < 0.01), and organizational
trust (p < 0.01) were significantly positively correlated with their comprehensive perceptions
of disaster risks. Specifically, when other conditions remained unchanged, for every
one unit increase in the substance transfer function of residents’ social networks, their
comprehensive perceptions of disaster risks increased by 0.157 units, on average; for every
one unit increase in cognitive trust, residents’ comprehensive perceptions of disaster risks
increased by 0.107 units, on average; for every one unit increase in emotional trust, residents’
comprehensive perceptions of disaster risks increased by 0.204 units, on average; and, for
every one unit increase in organizational trust, residents’ comprehensive perceptions of
disaster risks increased by 0.112 units, on average. Additionally, control variables of the
home address (p < 0.01) and the severity of experienced disasters (p < 0.01) had significant
positive impacts on residents’ comprehensive perceptions of disaster risks, while gender
(p < 0.01) and annual household income (p < 0.1) were significantly negatively correlated
with their comprehensive perceptions of disaster risks. In other words, male residents with
low annual household income and addresses threatened by disasters, who had experienced
more severe disasters, had a higher comprehensive perception of disaster risks.

Combining the findings of all the above models revealed the following. First, the
background characteristics of residents’ social networks were not significantly correlated
with their disaster-risk perceptions, while the substance and information carrier function
of social networks were significantly correlated with some dimensions of disaster-risk
perceptions. This suggested that social network variables affecting residents’ disaster-risk
perception did not relate to background characteristics but to the use of social networks.
Second, compared with social network variables, trust variables were more closely related
to the perceived level of disaster risks, which was especially reflected in the correlation
with self-efficacy, response efficacy, and comprehensive perception of disaster risks. More
specifically, the estimated results of self-efficacy (model 9) showed that trust variables
were significantly correlated with self-efficacy perception, while social network variables
were not; the estimated results of response efficacy (models 11 and 12) showed that after
the addition of trust variables, the effect of substance transfer function on the response
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efficacy perception decreased in both intensity and significance, and the effect was much
smaller than that of the organizational trust variable; the estimated results of comprehensive
perception (model 15) showed that the three dimensions of trust variables were significantly
correlated with comprehensive perception, while only the social network substance transfer
function was significantly correlated with comprehensive perception. The reason for these
findings may be due to the response measures of sampled residents to disasters being
more concentrated at the public level (such as setting disaster warning boards, planning
evacuation routes, etc.), and less at the individual or family level. In this context of public
disaster prevention, the degree of trust in management organizations will undoubtedly
be more closely related to the level of disaster-risk perceptions. It was worth noting that
all of the significant social network variables and trust variables had positive effects on
the corresponding dimensions of disaster-risk perceptions, which indicated that trust
relating to both the flat social network and pyramidal channels positively affected residents’
perceived levels of disaster risks.

4. Discussion

Compared with existing literature, this study made the following marginal contri-
butions. First, previous studies mainly focused on residents’ risk perceptions for single
types of disasters, such as earthquakes, floods, and landslides, whereas this study took
rural residents threatened by multiple disasters as the research object and measured their
perception levels of multiple disaster risks. Second, in existing studies, the measurement of
residents’ disaster-risk perceptions mainly considered their understanding and feelings
relating to the disaster event itself. This study attempted to evaluate residents’ generalized
disaster-risk perception levels from two aspects: their perceptions of the disaster-risk event
itself and the degree of mitigation that could be achieved. Third, whereas previous studies
did not focus strongly on the impact of social network factors on residents’ perceptions of
disaster risks, this study quantitatively explored the correlation between social network
factors and residents’ perceptions of disaster risks through the description of background
characteristics and carrier characteristics of social networks. Fourth, as distinct from flat
social networks, this paper incorporated pyramidal trust channels and empirically explored
the correlation between these and residents’ disaster-risk perceptions, as well as further
analyzing the different impacts of social network and pyramidal trust factors on residents’
perceptions of disaster risks.

Individual perception of disaster risks is not only the product of individual factors,
but also the product of interpersonal and social interactions. In partial support of research
hypotheses H1a and H1b, this study found that the information transfer function of social
networks was significantly positively correlated with residents’ perceptions of the possi-
bility of disaster risks, and the substance transfer function had significant positive effect
on their response efficacy and comprehensive perceptions of disaster risks. These results
indicated that the more frequently residents transmitted disaster-related information, es-
pecially information relating to the occurrence of and harm caused by disasters, the more
their perceptions of the possibility of disaster risks would be enhanced; meanwhile, the
substance transfer function of social networks, as an important embodiment of residents’
social support, could enable residents to get material support and security, thus affecting
their perceptions of response efficacy. The above results of this paper were consistent with
the findings of Iuliana et al. [87], Wu and Li [81] and Jones, Faas, Murphy, Tobin, and
Mccarty [37]. For example, Iuliana, ArmaşEugen, and Avram [87] found that the material
support residents received could enhance their safety perception levels relating to response
measures; Jones, Faas, Murphy, Tobin, and Mccarty [37] found that the more frequent
communication among residents, the higher their perception of the possibility of disaster
risk. However, the findings of this paper were inconsistent with the findings of Grayscholz
et al. [88], in which the background characteristics of social networks (network scale and
network heterogeneity) were not significantly correlated with residents’ perceived levels
of disaster risks. The reason for this may be that, even though residents had good social
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network background characteristics, they did not make much use of the corresponding
functions of social networks, which weakened the effect of social networks on their per-
ceptions of disaster risks. Furthermore, the background characteristics of social networks
represented the potential resources contained in social networks. The carrier characteristics
of social networks reflected the mobilized resources. This also suggested that it is not the
amount of social relationship resources you have, but the amount of social relationship
resources you use that is the key to affect the residents’ perceptions of disaster risks. To
sum up, as the carrier of some social resources transmission, social networks can enable
residents to obtain practical social securities through its specific functional characteristics,
such as information transfer and material support, thus effectively affecting residents’
disaster-risk perceptions. This finding indicates that social networks play an important
role in disaster-risk management, which should be more noted.

The current disaster-prevention system in China is mainly community-based disaster
prevention [89,90]. In this context, residents’ trust in community management organi-
zations greatly affects their perceptions of disaster risks. In partial support of research
hypothesis H2, this study found that cognitive trust and emotional trust had significant
positive effects on self-efficacy and comprehensive perceptions of disaster risks, while
organizational trust was significantly positively correlated with response efficacy and com-
prehensive perceptions of disaster risks. The above results of this study were consistent
with the findings of ter Huurne and Gutteling [91], Peng, Tan, Lin, and Xu [18] and Han,
Wang, and Cui [40], who found that residents’ trust in the public sector was significantly
correlated with their perceptions of the controllability of disaster risks. However, incon-
sistent with research hypothesis H2 and the findings of Fátima and Bernardo [92] and
Grayscholz, Haney, and Macquarrie [88], regression estimation results of this study showed
that emotional trust was positively correlated with residents’ perceptions of the possibil-
ity of disaster risks. This discrepancy in findings may be due to the following reasons.
First, emotional trust reflects harmonious community relations and friendly interpersonal
communication. The higher the emotional trust, the more frequent the communication
between residents will be and the easier it will be to obtain disaster-related information,
thus leading to increased perceptions of the possibility of disaster risks. Secondly, the
residents in this study were more vulnerable to disasters (the average number of disasters
experienced by the sample was 8.80 times). Based on this experience, high emotional trust
may lead residents to fear that sudden disasters will harm their cherished communities,
thus enhancing their perceptions of the possibility of disaster risks. In addition, it is worth
noting that, different to the findings of Bronfman et al. [93] and Han, Xiaoli Lu, Elisa I.
Hörhager, and Jubo Yan [74], the empirical results of this study showed that trust factors
were not significantly correlated with perceptions of disaster risks. The possible reason is
that, although residents believed that community management organizations would take
various measures to reduce their losses caused by disasters, the disaster-prone environment
still poses a threat to their lives and property. Compared with social network variables,
trust variables were more closely related to the perceived level of disaster risk, which was
especially reflected in its impact on self-efficacy, response efficacy, and comprehensive
perception. This implies that residents paid more attention to the reliability of information
and support—the characteristics of pyramid channels—rather than the repeated and un-
certain information with high frequency. Furthermore, while information and substance
provided by the social network was more convenient and quick, only when the social
network implemented its carrier function, it showed close correlation with disaster-risk
perception, which also reflected the actual rather than potential support was the vital factor
correlating with disaster-risk perception.

In addition, this study found that residents’ individual characteristics (gender, age,
education, marital status), family characteristics (home address, annual household income),
community characteristics (disaster prevention in the community), and characteristics of
disaster experience (the number and severity of experienced disasters) were significantly
correlated with different dimensions of the perception of disaster risks. This was consistent
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with some of the findings of Lindell and Hwang [94], Kellens, Zaalberg, Neutens, Van-
neuville, and De Maeyer [78], Xu et al. [95], Ardaya et al. [96], and Tanner and Arvai [97].
For example, Kellens, Zaalberg, Neutens, Vanneuville, and De Maeyer [78] found that indi-
viduals’ age, gender, and flood disaster experience significantly affected their perceptions
of the threat of flood disaster risks; and Xu, Peng, Su, Liu, Wang, and Chen [95] found that
the distance of respondents’ houses from the disaster site and disaster experience were
significantly correlated with their perceptions of the possibility of disaster risks. Similarly,
the present study found that home addresses that were threatened by disasters significantly
affected participants’ perceptions of the possibility of disaster risks, and the age, gender,
and disaster experience of participants were all significantly correlated with their perceived
levels of the threat of disaster risks.

Although this study provides a useful exploration of the correlations between social
networks, trust, and residents’ disaster-risk perceptions, it had some deficiencies. In
terms of measuring response efficacy, in consideration of the fact that this study dealt
with multiple disasters, the response efficacy specifically referred to the degree to which
evacuation could reduce the threat of disasters. However, residents’ perceived effects of
different disaster response behaviors might vary, and the perceived effects of other disaster
prevention and mitigation measures (such as relocation, reinforcement of houses, etc.) were
not considered in this study. In addition, the goal of disaster risk management is to prevent
and avoid disasters. Due to the limited space, this study was not extended to include
residents’ behavioral responses to disasters. Therefore, future research could explore the
differences in residents’ perceptions of response efficacy of different disaster prevention
and reduction measures, and the effects of social networks, trust, disaster-risk perceptions,
and other factors on residents’ behavioral responses to disasters could be further discussed.

5. Conclusions

Based on the empirical analysis and discussion above, this study formed the following
main conclusions:

(1) In terms of the characteristics of rural residents’ perceptions of disaster risks,
compared with the disaster-risk comprehensive perception scores, participants had lower
perception scores relating to possibility and threat and higher perception scores relating to
self-efficacy and response efficacy.

(2) The variables of social network that affected residents’ perceptions of disaster risks
did not relate to their background characteristics of social networks, but to the use of their
carrier characteristics. Specifically, the information transfer function of social networks had
a significant positive effect on the perceived level of the possibility; the substance transfer
function had a significant positive effect on the perceived level of the response efficacy and
comprehensive perception, while the network scale and network heterogeneity had no
significant impact on any dimension of disaster-risk perception.

(3) Different dimensions of trust had distinct effects on rural residents’ disaster-risk
perceptions. Specifically, emotional trust was significantly and positively correlated with
the perception level of the possibility and self-efficacy of disaster risk, cognitive trust was
significantly and positively correlated with self-efficacy and the comprehensive perception
of disaster risk, and organizational trust was significantly and positively correlated with
the perception of response efficacy and the comprehensive perception of disaster risk.

(4) Compared with social network variables, trust was more closely related to the
perceived level of disaster risk, which was especially reflected in its impact on self-efficacy,
response efficacy, and comprehensive perception.

It is only when residents are aware of the risks they face that they will respond accord-
ingly. Based on the above analysis, in order to improve residents’ perceptions of disaster
risks and to strengthen the disaster-risk management ability of communities, this study
has the following three suggestions. First, residents’ communication groups or mutual aid
groups could be established to strengthen daily contact between community residents and
thereby improve residents’ awareness of disaster risks; secondly, strengthening the training
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of community managers in disaster-related knowledge and organizing disaster prevention
and avoidance activities in time to enhance residents’ confidence in dealing with disaster
risks could be an effective strategy; and thirdly, combining community disaster prevention
with individual disaster prevention, through reasonable guidance, would take advantage
of both pyramidal and flat channels in the construction of resilient disaster prevention sys-
tems. For example, on the basis of community disaster prevention, community managers
can advocate mutual help to strengthen the substantive support between residents, and
jointly improve the resilience of residents to confront disaster risks.
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Abstract: Negative online public sentiment generated by government mishandling of pandemics and

other disasters can easily trigger widespread panic and distrust, causing great harm. It is important

to understand the law of public sentiment dissemination and use it in a timely and appropriate way.

Using the big data of online public sentiment during the COVID-19 period, this paper analyzes and

establishes a cross-validation based public sentiment system dynamics model which can simulate the

evolution processes of public sentiment under the effects of individual behaviors and governmental

guidance measures. A concrete case of a violation of relevant regulations during COVID-19 epidemic

that sparked public sentiment in China is introduced as a study sample to test the effectiveness

of the proposed method. By running the model, the results show that an increase in government

responsiveness contributes to the spread of positive social sentiment but also promotes negative

sentiment. Positive individual behavior suppresses negative emotions while promoting the spread

of positive emotions. Changes in the disaster context (epidemic) have an impact on the spread of

sentiment, but the effect is mediocre.

Keywords: pandemic; public sentiment; system dynamics; cross-validation; simulation and control

1. Introduction

In January 2020, an outbreak of COVID-19 began in Wuhan, China; this virus eventu-
ally spread rapidly to more than 200 countries. Since then, there have been over 79.2 million
cases and 1.7 million deaths reported [1]. Closing educational institutions and face-to-face
businesses, limiting gatherings to 10 people or less, and strict stay-at-home orders are many
non-pharmaceutical interventions (NPIs) that governments put in place in an attempt to
control the COVID-19 pandemic. However, NPIs can also indirectly create new problems:
negative public sentiment and misinformation.

During the period of home quarantine, physical interpersonal communication is
blocked and social networks become an essential communication channel. Due to the
single source of information and fear of unknown viruses, a large number of negative
online public sentiment incidents and misinformation spreading broke out during the
pandemic, such as the Shuang-huang-lian panic buying incident in China, the 5G-caused
spread of coronavirus in the UK, and more. Past empirical research results have shown
that public health emergencies can trigger more negative public sentiment and misinfor-
mation, generating negative emotions and affecting psychological and physical health.
Negative emotions may damage the immune system, leading to long-term infections and
delayed wound healing [2]. During an epidemic, if the government fails to guide public
xenophobia, it may lead to public blame of the government [3] (e.g., black Africans blaming

27



Int. J. Environ. Res. Public Health 2021, 18, 4245

AIDS(Acquired Immune Deficiency Syndrome) on the white governments of non-African
countries [4,5]), and people who do not trust the government may not participate in ben-
eficial public health programs (e.g., government-mandated vaccination programs [6–8]).
Based on the above research conclusions, how to guide the negative public sentiment in
time and improve the individual’s emergency psychology preparedness is the central topic
of the research.

The study of negative public sentiment and misinformation usually uses an empirical
and model-based approach. Public emotions and cognition are usually measured by retro-
spective questionnaires, such as the Oxford Happiness Inventory [9], Symptom Checklist
90 [10] and Likert Type Attitude Scale [11]. Using scales, questionnaires, and second-hand
data to build statistical models is an important method for analyzing public psychology.
On the one hand, a large number of scholars have studied the influence of public sentiment
on the external factors. For example, Gilles et al. found that public trust in medical organi-
zations was related to vaccination behavior and predicted the public’s H1N1(2009 swine
flu pandemic) vaccination behavior in 2009 [7]. Bogart et al. found a strong relationship
between AIDS conspiracy and medical non-adherence among African Americans [6]. Hong
et al. revealed the relationship between public trust in the government and individual
public health emergency preparedness [12]. On the other hand, many scholars have studied
the intrinsic generation and evolutionary logic of public emotions. For example, Li et al.
used social platform data to study the evolution of public psychology before and after the
declaration of the COVID-19 epidemic [13]. Apuke et al. analyzed the internal motivation
of sharing fake news from psychological factors such as “altruism”, “entertainment”, and
“socialization”, based on the Uses and Gratification framework [14]. Hong et al. studied
the relationship between political news in different forms of media and public happiness
psychology [15]. Differing from empirical research, model-based research focuses on public
psychology prediction, policy evaluation, communication mechanism, complex system be-
havior, etc., and have unique advantages in considering complex, nonlinear, and self-loop.
For example, Liu et al. established a contagion diffusion model for public opinion simu-
lation based on game theory to reveal the contagion path of public opinion [16]. Naskar
et al. studied the public sentiment propagation characteristics of Twitter users based on
the Russell model and TESC technology [17]. Xie et al. proposed a parallel evolution and
response decision-making framework of public emotion based on system dynamics and
parallel control management theories, which is a real-time decision-making method to
simulate and control public sentiment [18].

A review of literature in recent years reveals that many fields, including public
health [13], business management [19], medical management [7], communication me-
dia [17], emergency management [18], and economics [20] have conducted research on
public psychology, but there is still a certain lack in model construction, validation, and
applicable measures analysis. Considering that a single linear model is not sufficient to
reflect the real social complex system of nonlinear multiple information and self-feedback,
a system dynamics method is introduced on the basis of the linear model, so as to con-
sider the nonlinear characteristics and avoid the subjectivity of the parameter. In addition,
considering the lack of data and the model validation, we introduce the cross-validation
method to improve the effectiveness of the model. Finally, considering the stochastic
characteristics of the real world, this article introduces a random process on the basis of the
model to make the model more suitable for real situations. Figure 1 shows the research
idea map of this article.
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Figure 1. Cross-validation modeling framework for public sentiment system.

2. Materials and Methods

2.1. Cross-Validation Modeling Framework for Public Sentiment Based on System Dynamics

Cross-validation is a model selection method that can be used to directly estimate
Generalization Error. This method can be used for model verification and model effec-
tiveness improving. Because of its simplicity, it is widely used in the machine learning
field [21,22]. Usually, the internal relationships of a public sentiment system, which de-
scribe the operating rules and determine the validity of simulation results, are difficult to
verify. Therefore, the “Cross-validation modeling framework for public sentiment based on
system dynamics” (CVMFPS) is proposed as a guideline to solve this problem (Figure 1).
According to the “scenario-response”-based emergency management paradigm [23], and
combined with the cross-validation method, this model consists of three parts: the real
scenario system layer, the cross-validation layer, and the simulation decision-making layer.

2.1.1. Real Scenario System Layer

As the source of information, real scenarios are the basis for decision-making as well
as the targets of public sentiment control. The original events, sentiment disseminators and
sentiment regulators are essential elements of the real scenario system. The original events
(such as public health emergencies, government scandals and mistakes) may easily trigger
relevant public sentiment. Public sentiment disseminators include the media, netizens, and
others. The media triggers and influences the processes of public sentiment propagation
through reporting and directing the news. In addition, netizens use social networks to
express and communicate their own opinions which results in the continued diffusion
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and evolution of public sentiments. Because collective behaviors of the netizens com-
prehensively effect their attitudes towards source events, their support or opposition are
essential factors for the government in making an efficient response decision. Generally, the
government response departments dealing with the emergencies or mistakes assume the
greatest responsibilities as public sentiment regulators. By taking measures such as holding
lectures and seminars, press conferences on the events, and by releasing positive news,
they may supervise, guide, and even control the development of the public sentiments.

2.1.2. Cross-Validation Layer

Using data for training model without testing, even if training error is small, does
not mean that the model is correct. The model fits well on the training set, but the actual
predictions are poor due to overfitting problems. In order to overcome this problem, the
cross-validation method was proposed. The idea of this method is to divide the complete
data set D (Equation (1)) into two parts randomly according to a certain proportion. The
data set used to train the model is called the training set Dt (Equation (3)), and the data set
used to test the model is called the validation set Dv (Equation (2)). In the Equations, s(1)
represents the first data that output randomly, m represents the data size of the validation
set, and n represents the total number of data sets. Since the training data and the validation
data are not the same, the generalization error of the model is estimated on new data, and
it is closer to the real generalization error. In the System Dynamics model, the dynamo
equation reflecting the specific influence relationship between variables is constructed in
a mathematical way, but due to the complexity, randomness and instability of the social
system, the dynamo equation cannot be like accurately calculated like a physical model, so
the quantitative relationship and directional relationship between the variables reflected by
the dynamo equation under the social system need to be verified. Therefore, through the
combination of variables, different internal model structures and mathematical equations
are constructed, the cross-validation method is used to calculate the error of these models
on the verification set and select the best model that is closest to the real situation, and this
is an effective way to build models when the data is insufficient:

D = {D1, D2, D3, D4 . . . Dn}, D = Dt + Dv (1)

Dv = {Ds(1), Ds(2), Ds(3), Ds(4) . . . Ds(m)} (2)

Dt = {Ds(m+1), Ds(m+2), Ds(m+3), Ds(m+4) . . . Ds(n)} (3)

2.1.3. Simulation Decision-Making System Layer

From the cross-validation layer, we have well-structured system dynamics internal
structures and dynamo equations. The dynamo equation is used to represent the specific
relationship between various variables in the SD model. By adding stochastic process to
dynamo equations, the SD model can evolve autonomously based on the random results at
each time, its simulation results will be closer to reality, and the use of stochastic process
can also test the robustness of the SD model. For example, the Poisson distribution can
represent the frequency of occurrences of random events in a unit time and plug in each
occurrence node, the mean frequency of occurrences of events in a unit time can be the
parameter for Poisson distribution. In addition, this layer proposes a method to improve
the simulation effect of the model, called Reverse Regression, which is different from linear
regression (Equation (4)), the variable (sharefactor) in reverse regression (Equation (5)) does
not have real data, this variable needs to be calculated by other independent variables and
dependent variable. Reverse regression requires the sharedfactor to be constant during a
certain event but change in different events, and also requires other variables (othervari) and
sharefactor can explain the main variance of y. Therefore, by iterating the sharedfactor data,
the trend of the sharefactor between different subjects tends to be consistent, and the value
of the sharedfactor can be calculated. The specific calculation process is given in Section 3.2.
Finally, by inputting the initial parameters of the new public sentiment event from the real

30



Int. J. Environ. Res. Public Health 2021, 18, 4245

scenario system and using these methods, the final SD model can be established. Through
simulation, different response strategies or policies can be tested, verified, and optimized
in the simulated environment

y = β0 + β1 ∗ independent + βi ∗ othervari (4)

y = β0 + β1 ∗ sharedfactor + βi ∗ othervari (5)

2.2. Methodology

Roadmaps are helpful for decision makers to know how to use a modelling and
simulation method for dealing with practical problems [24]. To implement the CVMFPS
method, we developed a roadmap that describes the steps shown in Figure 2. The order in
the roadmap is only for reference, and we need to use the appropriate modeling order in
the face of different real-world problems. In summary, the roadmap contains a series of
steps, from data acquisition, modeling to simulation and analysis.

 

Figure 2. Research roadmap.

2.2.1. Decision Problem, Materials and Hypotheses

As a qualitative and quantitative decision-making method, the CVMFPS framework is
applicable for response to the public sentiment without enough historical data. Therefore,
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the decision makers must determine what type of decision problem it is: Is there enough
historical data for building a model for this event? If decision makers have enough
investigable historical data, it is better to use the data-dependent statistical methods, such
as Machine learning. If not, the SD (System Dynamics) simulation model with CVMFPS is a
good idea. In addition, the source and measurement of data are also important issues to be
considered before modeling, and for public sentiment, questionnaire data and secondary
data are the main sources. There is a time lag for obtaining questionnaire data, which
is often suitable for retrospective studies. Secondary data, especially the huge amount
of data from social platforms, is easier to obtain and has great information potential,
which is suitable for emergency research, but secondary data often has difficulty in data
validation, and the common solution is to compare data from different data sources. In
conclusion, it is particularly important to consider the type of data according to the model.
For public sentiment, the use of web spider to obtain the latest data in real time on social
networks is beneficial for SD model building and immediate policy analysis. Finally, the
implementation of CVMFPS requires some prerequisite assumptions, and the fulfillment
of which is a prerequisite for using the model. For public sentiment, CVMFPS often makes
requirements in terms of the dissemination mechanism and simulation of sentiment.

2.2.2. SD Modelling

The SD emphasizes how causal relationships among system structures can influence
the behaviors and evolution processes of a system. Analysis of the boundary and structure
of a public sentiment system is the first step to building the SD model. System boundaries
include the basic elements of the system. The function modules of the system consist of the
elements that have direct causal relationships with each other.

System boundaries, influencing factors and causal loops are important for SD. Clar-
ifying the system boundary of the problem facilitates us to focus on the subjects of the
system without getting caught in the endless circulation of causal structures of complex
social systems. In addition, the system boundary specifies the scope of application. The
scope of application of the model is very important for practical applications; only when
the important conditions are satisfied, the simulation results of the model have practical
significance, and the focus of the model is consistent with the actual problem, is it possible
to propose a solution strategy. The public sentiment system can be divided into original
events and three interactional modules according to the different roles of the sentiment
disseminators: the media module, the government module, and the netizen module. There-
fore, the boundary of the public sentiment model should be within netizens, commercial
media, and government. The purpose of the internal influence factor analysis of the system
is to find out the relationship between each element. By distinguishing the independent
and dependent variables, we can find a series of causal chains, and by transforming the
dependent and independent variables, the influence is transmitted downward. When
the lower end of the causal chain is connected to the upper end, the causal loop is thus
generated [25]. The causal loop is the key to the autonomous evolution of the SD model,
and the system has the ability to generate data autonomously when the effects of variables
are fed back through different variables [26]. Usually, due to the wide distribution of
Netizens and the profit-seeking nature of commercial media seeking exposure, these two
types of subjects are the first to capture the events. The commercial media follows up on
the events, the netizens express their opinions and generate emotions about them, and
then, the stakeholders of the events (usually the government), depending on the nature
of the events and the attitude of the public, responds accordingly. Moreover, the public,
the commercial media, and the government will behave according to the behavior of other
subjects, so interaction between the three types of subjects will form multiple causal loops
that will eventually dominate the development of public sentiment.

Causal loop diagrams aid in visualizing a system’s structure and behavior and in
analyzing the system qualitatively. By analyzing the variables in the causal loop, we can
construct more specific influence relationships, which will then involve specific mathemati-
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cal formulas. To perform a more detailed quantitative analysis, a causal loop diagram is
transformed into a stock and flow diagram. A stock is the term for any entity that accumu-
lates or depletes over time, using an ordinary differential equation. A flow is the rate of
change in a stock. In addition, in the stock flow paradigm, there are Auxiliary variables,
relational linkages, etc. The judicious use of these tools will reduce the complexity of
modeling. Moreover, it is also necessary to estimate the initial parameters. Usually, the
parameters and initial conditions of the equations can be estimated using statistical meth-
ods, expert opinion, market research data, or other relevant sources of information [27].
Finally, converting the system stock flow paradigm into level, rate and auxiliary equations
is the key step to run the model. In addition to constructing specific model structures and
equations, we also nest random functions on equations. On the social network platform, the
number of posts or reposts of netizens and media per unit time obeys a poisson distribution
with λ as the mean value of posts. Therefore, for each time period, the number of posts of
netizens or media is nested in a Poisson distribution (Equation (6)):

Posts = poisson (λ = mean(posts)) (6)

To construct specific mathematical equations, it is necessary to choose an appro-
priate expression method for the variable relationships. In complex social systems, the
relationships between social variables cannot be constructed as precise equations can be
constructed for engineering systems. Faced with the randomness, complexity, and in-
complete predictability of social systems, it is a common and extremely practical method
to estimate the relationships between variables in statistical models. There are quite a
few statistical models that can reflect the relationship between variables, such as lin ear
regression (LR), logistics regression, SVM (Support Vector Machine), neurl network, LSTM
(Long Short-Term Memory), etc. The LR model is widely used by social science fields,
such as economics and management. It is simple to operate and can predict continuous
values. Although it is a linear model, the introduction of system dynamics can alleviate the
linearity problem, so the LR model is used in this paper. Another purpose of using LR is
to enable the reverse regression method. Sharefactor indicates that different variables are
collectively influenced by sharefactor, and that sharefactor does not change within the same
event (a short period of time) but change within different events (a long period of time).
In the public sentiment system, the nature of the event itself (degree of harm to society,
realistic fashion trends, etc.) and the nature of the netizens (education, income, family,
etc.) will jointly influence the number of postings by netizens. The pseudo-code for the
implementation process is detailed in Appendix A (Algorithm A1). The NRI in pseudocode
1 denotes the minimum times that the values in sharefactor are randomly varied so that the
othervar and sharefactor variables can explain the main variance of the dependent variable.
NI indicates how many sets of sharefactor are obtained; the larger the NI, the more likely
it is to find the correct sharefactor, but there will be a large number of similar sharefactors.
Pseudocode 1 finally outputs the most similar sharefactor between different dependent
variables, and by drawing graphs of the sharefactor and observing the mutual trend, we
can determine whether the sharefactor can be used or not. To obtain the value of sharefactor
using linear regression, the following conditions need to be satisfied:

(1) The sharefactor values derived from different variables need to be verified against each
other, and only if the trends are consistent can they be adopted;

(2) Othervar variables need to contain the main factors that can influence the dependent
variable except sharefactor, i.e., othervar and sharefactor variables can explain the main
variance of the dependent variable;

(3) Select the time period with less interference from external factors for reverse regression
method, which facilitates the correct finding of sharefactor values;

(4) Assuming the value range of the sharefactor in advance, it is generally 0 to 10, −1 to 1
or 0 to 100, depending on requirements
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2.2.3. Cross-Validation

When studying social problems, there are complex interactions within SD models,
which make it impossible to construct accurate mathematical equations. When analyzing
the independent variables of a dependent variable, we can’t determine whether certain
variables are independent or not. Reviewing the previous research results will identify some
variables, but usually those are incomplete. The SD models constructed with incomplete
variables will amplify the bias through feedback loops, which leads to unreliable simulation
results. Therefore, we use the cross-validation method to select these uncertain variables
and to verify the generalization ability of the mathematical equations. The pseudo-code for
the implementation process is detailed in Appendix A (Algorithm A2). To run Algorithm
A2, it is necessary to give the deterministic and uncertain variables in advance. One or more
uncertain variables are selected at a time for regression on the basis of the deterministic
variables. Then, the training set is used for training and the validation set is used to verify
the training results. By adding different combinations of uncertain variables each time,
we can get many models and select the model with the smallest validation set error as the
mathematical model of SD. The data in the training and validation sets are in events as
units, and each event is in units of time, so that when the data is split, the complete event,
rather than the unit time of the events, can be used as the validation object. This allows
for a better validation effect of the generalization ability of the model. Finally, the use of
the cross-validation method also needs to satisfy the premise that the error of the model
trained from the training set is small.

2.2.4. Simulating and Decision Analysis

Some advanced SD software tools, such as Vensim (Ventana Systems Inc., Harvard,
MA, USA), STELLA (Isee Systems, Lebanon, PA, USA) and Anylogic (The AnyLogic
Company, Oakbrook Terrace, IL, USA), are able to help decision-makers construct, run and
analyze the SD simulation models of public sentiment systems to create optimized response
policies and solutions in a graphic and visual way [28]. However, these software packages
can have limited functions; if you want to apply new algorithms or use unique equations,
they will need to be implemented using your own programming. To propose suitable
response solutions, the relevant decision analysis process should include two aspects [18].
First, response strategies setting. In constructing the SD model, control variables need to
be considered in advance, and for public sentiment, we can set control variables from three
perspectives: public, government, and commercial media. The public side can be started
from the personal side, such as education, science popularization, the degree of trust in
the government, etc. The government side is variables such as response time, information
transparency, science popularization, etc. Commercial media would be variables such as
speed of reporting, dissemination, etc. In addition, we also need response strategy testing.
The effects of different strategies can then be applied by reviewing the simulation results.
By adjusting control variables, we can achieve the expected results.

2.3. Empirical Research

Roadmaps are helpful for decision makers to know how to use a modelling and
simulation method for dealing with practical problems [24]. To implement the CVMFPS
method, we developed a roadmap that describes the steps shown in Figure 2. The order in
the roadmap is only for reference, and we need to use the appropriate modeling order in
the face of different real-world problems. In summary, the roadmap contains a series of
steps, from data acquisition, modeling to simulation and analysis.

2.3.1. Data Source

We used the top public sentiment events on Sina Weibo about COVID-19 from
25 January to 20 April 2020 in mainland China as samples [29]. The Sina Weibo con-
tained more than 1.16 million active Weibo users. Weibo is a popular platform to share and
discuss individual information and life activities, as well as celebrity news in China [30].
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In this paper, we use third-party python libraries such as selenium, bs4 and urllib to write
crawler programs to collect relevant data from government media, commercial media,
and netizens, including the number of posts, blog ID(Identity document), the number of
followers, posting content, the number of likes, number of comments, posting time, etc.
A total of 15 online public sentiment events were collected during the period and used
as historical cross-sectional data for equation construction within the SD model, the data
description is shown by Table 1. In addition, we use the new event “Picked up the son
from Wuhan to Jingzhou during the city closure”, a local government official’s epidemic
prevention failure that occurred on February 14, as the simulation object of the SD model
to test the feasibility and validity of the model. The data collected in this paper were
cross-checked by Tencent WeChat subscriptions platform (Tencent, Shenzhen, China) [31]
and the third-party ZhiWeiData platform (ZhiWeiData, Beijing, China) [32], and the results
of the three-party data were consistent.

Table 1. Description of data.

Data Name Pre-Response n (%) Post-Response n (%)

Total posts 1,242,287 (57) 935,790 (43)
Total original posts 136,197 (56) 105,969 (44)

Total reposts 1,106,090 (57) 829,821 (43)
Total followers 197 billion (31) 439 billion (69)

Government original posts 3368 (30) 7944 (70)
Government reposts 295,853 (44) 382,303 (56)

Government followers 93 billion (27) 253 billion (73)
Commercial media original posts 15,003 (35) 28,032 (65)

Commercial media reposts 810,237 (64) 447,518 (36)
Commercial media followers 104 billion (36) 186 billion (64)

Netizen original posts 117,826 (63) 69,993 (37)

2.3.2. SD Modelling

The COVID-19 pandemic that broke out in early 2020 shattered the public’s sense of
normalcy. In the early stages of the outbreak, people used the Internet to keep an eye on
the dynamics of the outbreak in the face of the rapidly spreading virus. During this period,
several public sentiment incidents erupted on the internet, most of them as a response to
government negligence or individual citizens not following orders. For example, a traveler
who returned from Thailand did not comply with the epidemic prevention guidelines,
Wuhan government officials failed to effectively ensure normal life for residents during
home quarantine, etc. Taking these events as cases, we can analyze the boundary, structure
and evolution mechanism of the public sentiment system and build a relevant qualitative
causal loop diagram model. This model is divided into three main modules and two
scenarios: the commercial media module, the netizen module, the government module,
pre-response scenario, and post-response scenario.

System boundary and prerequisite assumptions. The interactions among three subjects—
netizens, commercial media and government constitute the boundary of the public senti-
ment system, and factors outside of these subjects are not studied in this paper. In addition,
this model requires the following prerequisites to be met:

(1) Public sentiment events are the first to erupt on the Internet.
(2) Different public sentiment events are independent of each other.
(3) When a negative event is revealed and not properly handled, the public will develop

negative sentiment.
(4) Positive public sentiment will arise after the government actively and properly han-

dles negative events.

The causal loop diagram of the SD model consists of three modules and two scenarios.
The three modules include netizen, commercial media, and government. Netizens, com-
mercial media, and government together constitute the total discussions online, while the
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herding and hotspot effects that exist in the spread of public sentiment cause discussions
online to in turn promote the level of discussion among the three, thus forming multi-
ple causal loops, as shown in Figure 3a. Netizens (commercial media and government)
discussions and discussions online form a positive feedback loop. In addition, the two
scenarios include pre-response and post-response scenarios. The government’s response
to the incident is a turning point in the development of public sentiment. After the gov-
ernment’s response, netizens and commercial media turn their attention to the discussion
of the content of the government’s response. The government guides public sentiment
by making the right measures and spreading positive information, so that post-response
public sentiment communication also forms the same mechanism as the pre-response, and
the causal loops are also positive feedback loop. Finally, post-response communication
of public sentiment has an impact on pre-response communication and form a negative
feedback loop.

 

(a) 

(b) 

Figure 3. (a) Causal loop diagram of the public sentiment system; (b) Public sentiment transmission
mechanism of social platforms.
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Causal loop detailing and reverse regression. On the basis of the causal loop, we
perform a causal analysis to each factor: looking for the constituents and independent vari-
ables. If necessary, further causal analysis of these independent variables and constituents
can be performed. As a result, the previous causal loop is expanded into a more detailed
loop diagram. In the process of detailing, it is necessary to determine the independent
and dependent variables for each factor, and also to confirm whether the independent
variables meet the sharefactor characteristics, the detailed causal loop diagram is shown
in Figure 3b. Through the data, we found that most of the posts posted by netizens will
not be reposted by others; in order to reduce complexity, we only consider their original
posts. Commercial media includes original posts and reposts; the reposts are influenced
by the number of followers of the blogger. Government media is the same as commercial
media. In addition, we add Response Speed, Epidemic Factor and Share Factor in the
loop. The Epidemic Factor takes into account the environmental disaster context, the Share
Factor needs to be calculated by Reverse Regression, and the specific interpretation of the
variables is given by Appendix A (Table A1). Compared to the middle and late period
(There is a large number of non-linear relationships in middle and late periods) of an
event development, in the early period public sentiment propagation mechanisms is much
simpler. Therefore, we choose the first day of the event as the cross-section sample to run
reverse regression, and choose netizen post, commercial media post, commercial media
reports and government reposts as the cross-test subjects. Due to the fact that the first day
data of some public sentiment events was missing, we selected nine events with intact data
as samples. The reverse regression results are shown in Table 2 and Figure 4a. By observing
Figure 4a, we can find highly similar trends among different subjects. Comparing the real
data of these subjects (Figure 4b) shows that there is a high probability of finding the real
sharefactor. Mean err in Table 2 is obtained by calculating the root mean square error of the
two-by-two combination of the four subjects (Equation (7)). Where n denotes the number of
samples and N denotes the number of the two-by-two combination of the four subjects. By
averaging the sharefactor of these four subjects, the averaged sharefactor (Mean sharefactor) is
used as the final result. The Mean sharefactor is then used to do a regression on a subject,
and the resulting regression parameters can simplify the sharefactor calculation process for
the new event (i.e., we only need the othervar and the dependent variables to calculate the
sharefactor by these parameters):

CRMS =
∑

N
j=1

√

∑
N
j=1(yj1−ŷj2)

2

n

N
(7)

Table 2. Reverse regression outcomes.

Name Outcomes othervar

Netizen Posts [4,1,6,6,5,4,2,1,3,5,4.5,4,3,8,3] RND, RS, EF
Commercial Media Posts [3,1,7,6,5,4,3,2,4,6,5,4,3,6,2] RND, RS, EF

Commercial Media Reposts [4,3,5,3,2.5,2,1.5,1,3,5,4,3,2,9,2] RND, RS, EF, CMF
Government Reposts [4,1,7,6,5,4,2,1,3,5,4.5,4,3,6,4] RND, RS, EF, GF

Mean err 1.85 -
Mean sharefactor [3.75,1.5,6.25,5.25,4.375,3.5,2.125,1.25,3.25,5.25,4.5,3.75,2.75,7.25,2.75] -

sharefactor equation 1
NP = a + b * EF + c * SF + d * (RGP + RGR)

a = −23328.98463791, b = 3273.79176234, c = 2080.23327003,
d = 1002.55401367

-

1 The equation uses “Netizen Posts” as the sample data and the abbreviations of the variables in the “Outcomes” column are given in
Table A1.

37



Int. J. Environ. Res. Public Health 2021, 18, 4245

(a) 

(b) 

Figure 4. (a) Comparison of sharefactor trends between different subjects; (b) Comparison of raw data
between different subjects.

2.3.3. Cross-Validation

After the variable analysis and data collection, the cross-validation method is applied
to a total of 12 variables, and the specific process and results are shown in Table 3 and
Figure 5. In general, variables that cannot be constructed by precise mathematical formulas
(e.g., complex social factors) and cannot be controlled (e.g., the number of posts people
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make) need to be identified as dependent variables. The determination of independent
variables requires an analysis of the impact relationship. At the same time, attention
needs to be paid to the issue of the time sequence of occurrence, and variables that arise
simultaneously or in the future cannot be included in independents. In addition, due to
the error amplification effect of the causal feedback loop in the system, it is necessary to
select the regression results with good training and validation GOF (Goodness of Fit) from
the combination of independent variables, and the GOF of validation set can avoid the
overfitting problem, the GOF of training set can reflect the validity of the model.

Table 3. Cross-validation process and results.

Dependent Independent 1 Train Set R2 Validation Set R2 Equations

NP [RCMR, CMR, GF, RCMF, RNP, CMP, T, SF, RGR, GR, GFOC] 0.84 0.99

Table A1

CMP [T, NP, SF, EF, GFOC] 0.99 0.97
CMR [T, BMP, RCMF, GP, GR, NP, CMF, SF, RGR, RNP, GF, RCMR, EF, GFOC] 0.86 0.97
CMF [T, BMP, GP, RCMF, GR, NP, SF, RCMP, RNP, GF, RCMR, EF, GFOC] 0.91 0.99
GP [BMP, T, NP, SF, EF, GFOC] 0.97 0.99
GR [BMP, T, RCMF, NP, SF, GF, EF, GFOC] 0.98 0.99
GF [BMP, T, RCMF, NP, SF, RCMP, RGR, CMR, RNP, RCMR, GFOC] 0.89 0.99

RNP [BMP, T, GP, GR, SF, RGR, RGP, CMR, EF] 0.97 0.99
RCMP [GP, SF, RGR, CMR, RGP, GF, EF, GFOC] 0.98 0.99
RCMR [T, BMP, RCMF, GP, GR, NP, SF, RGR, CMR] 0.86 0.98
RCMF [T, GP, GR, RGF, NP, SF, RGR, CMR, RGP, GF, EF, GFOC] 0.84 0.95
RGR [BMP, T, GR, NP, RGF, SF, CMR, GF, EF, GFOC] 0.95 0.99

1 the abbreviations of the variables in the “Independent” column are given in Table A1.

Figure 5. Partial training results and validation results.
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2.3.4. Initial Values and Dynamo Equations

At 17:42 on 14 February 2020, a man posted on Sina Weibo that his father, an official,
had picked him up from Tianmen to Jingzhou using special privileges during the epidemic
road closure. Meanwhile, netizens found from the man’s microblog that his total expenses
for 2019 were more than 2.86 million yuan. Therefore, many netizens questioned the
implementation of local government anti-epidemic measures and the problem of corruption
and abuse of power by the man’s father, which led to an outbreak of public opinion. The
government department responded and investigated the incident on Feb. 15. Finally,
the incident ended with the man posting a letter of apology online and suspension. The
initial values involved in this incident are given by Appendix A (Table A1). Based on
the cross-validation results and the public sentiment propagation mechanism, dynamo
equations are given by Appendix A (Table A1).

3. Results

3.1. Simulating Results

We used Python to write the system dynamics simulation code for Table A1; the partial
simulation results of the public sentiment are shown in Figure 6. The true values are almost
within the box plot, which verifies the validity of the model. In order to guide positive
public sentiment, we will analyze the influence of these factors on the evolution process of
public sentiment in terms of government behavior, netizen behavior and disaster context.

Figure 6. Simulation results, and the box plots show the maximum, minimum, median, and interquartile distance of
the data.

3.2. Decision Analysis

For better analysis, we used the simulation results of the initial state as a baseline
to reveal the influence relationship between variables and system by changing certain
variables. The government is not only the guide and stakeholder of public sentiment
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events, but also the main force in stopping the epidemic. Its behavior has a significant
impact on the evolution of public sentiment. In reality, the strength of the government
response represented by government postings and media choices is manageable. There-
fore, the “Government Strategy” is set: the “R Government Posts” and “R Government
Followers” are both adjusted upward by 20% from the baseline to represent the strength
of the government response. The simulation results are shown in Figure 7 and Table 4.
After the outbreak of public sentiment triggered by COVID-19, the number of overall nega-
tive sentiments (Network Discussions) spread significantly as the government response
increased. Compared to the “Base Line”, the cumulative number of negative sentiments
increased by 52,300, proportional to the strength of the government response. The number
of overall positive sentiment (R Network Discussions) increases rapidly as strength of
the government response grows. Compared to the “base line”, the number of positive
sentiments increased by 579,318, which is proportional to the strength of the government
response. It is worth noting that the increase in positive sentiment is much higher than
negative sentiment, and the overall number of positive social sentiment (Public Sentiment)
increased by 527,018 compared to the “base line”, the overall social sentiment is positive.

−

−
− − −
− − −

Figure 7. Government analysis.

Table 4. Analysis results of different strategies.

Strategies
Network Discussions R Network Discussions Public Sentiment

Simulation Change Simulation Change Simulation Change

baseline 91,660 0 30,920 0 −60,771 0
Government Strategy 143,961 +52,300 610,239 +579,318 466,247 + 527,018

Positive Netizen Strategy 79,075 −12,585 237,957 +207,036 158,789 +219,561
Negative Netizen Strategy 109,953 +18,292 6623 −24,297 −103,345 −42,574

Epidemic Strategy 110,011 +18,351 29,415 −1504 −80,819 −20,047

Note: The simulation data in this table are the cumulative values.

As one of the subjects of the public sentiment system, netizens are both receivers and
senders of emotions, and their behavior has an important influence on the evolution of pub-
lic sentiment. To explore the influence of netizen behavior on the public sentiment system,
we set “Positive Netizen Strategy” and “Negative Netizen Strategy”. “Positive Netizen
Strategy”: “Netizen Posts” decreased by 20% and “R Netizen Posts” increased by 20% from
the baseline to represent the positive individual behavior that suppresses negative senti-
ment and promotes positive sentiment. “Negative Netizen Strategy”: “Netizen Posts” is
increased by 20% and “R Netizen Posts” is decreased by 20% from the baseline to represent
the negative individual behavior that promotes negative sentiment and suppresses positive
sentiment. The simulation results are shown in Figure 8 and Table 4. In the Positive Netizen
Strategy, the curve of negative sentiment (Network Discussions) is significantly lower than
the baseline, with a cumulative decrease of 12,585, which is inversely proportional to the
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positive individual behavior. However, the positive sentiment (R Network Discussions)
curve is significantly higher than the baseline, with the cumulative number rising 207,036,
proportional to the positive individual behavior. The amount of overall positive social
public sentiment (Public Sentiment) increased by 219,561, and the overall social public
sentiment is positive. Positive Netizen Strategy shows that positive individual behavior
not only inhibits the spread of negative emotions, but also contributes more to the spread
of positive emotions, which can increase the level of positive social public emotions in both
directions. The simulation results of the “Negative Netizen Strategy” are the exact opposite
of the “Positive Netizen Strategy”: negative individual behavior not only increases the
spread of negative emotions (18,292 more negative emotions), but also inhibits the spread of
positive emotions (24,297 fewer positive emotions), which ultimately leads to a significant
increase in overall negative social public sentiment. The opposite simulation results of
“Positive Netizen Strategy” and “Negative Netizen Strategy” also verify the robustness of
the model.

Figure 8. Netizen analysis.

As the main background of public opinion, disasters are the source of public sentiment
events. To explore the impact of disaster context on the public sentiment system, we set
the “Epidemic Strategy”: Epidemic Factor increased by 40% to represent a worsening of
the epidemic. The simulation results are shown in Figure 9 and Table 4. As the epidemic
worsens, the negative sentiment curve is slightly higher than the baseline, proportional to
the deterioration of the epidemic. The positive sentiment curve is slightly below the base-
line, inversely proportional to the deterioration of the epidemic. Overall social sentiment
has declined from the baseline. Although the simulation results all changed compared to
the baseline, the magnitude of change was relatively small. This suggests that although
disaster environments (epidemics) can have an effect on public sentiment, the effect is
relatively mediocre.
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Figure 9. Epidemic analysis.

4. Discussion

According to the results of the model, we have reasons to believe that positive gov-
ernmental response behavior is beneficial to redeem the positive image of the government
among the public and even to reconstruct trust in the negative events derived from the
epidemic. Specifically, the government uses e-government media to respond to negative
events, and the strength of the government response represented by government postings
and media influence can affect the spread of positive public sentiment. The strength of
the government response is proportional to the number of positive emotions. Previous
findings suggest that proactive actions by authorities can improve negative public senti-
ment and rumor management in emergency situations and yield positive social utility [33].
Enhancing public relations through social media has proven effective [34]. The simulation
results in this paper again validate the above findings. According to Situational Crisis
Communication Theory, under intentional crises or accidental crises (e.g., job failure, abuse
of authority), rebuild strategies (e.g., aggressive crisis management, satisfactory compen-
sation and punishment, creating an image of positive crisis management) are effective
ways to recover or even rebuild reputation [35]. The results of this paper build on the
rebuild strategies to further investigate the relationship between positive image promotion
behaviors and the spread of positive emotions (reputation or trust). One possible expla-
nation for why increased government responsiveness can facilitate the spread of positive
sentiment is that the government, as a network leader, influences the public through high
communication activity, credibility, network centrality, and the use of affective, assertive,
and linguistic diversity in their online messages [36], and uses mass media to amplify
public sentiment [37]. A study showed that exposure to HPV (Human Papilloma Virus)
information was associated with the degree of HPV vaccination [38]. This suggests that the
government communicates risk to the public through the repetition of information and
emphasizes the good attitude of the government in dealing with negative events [39], thus
the government has gained the trust of the people. Notably, we also found that government
response strength was positively related to negative sentiment, which may seem odd, but
similar results have been found in previous studies: higher average positive exposure
intensity predicts decreased positive sentiment expression and increased negative senti-
ment expression [40]. A possible explanation is that the expansion of the scale of the same
sentiment discussion might inhibit the expression of the same sentiment and favor a shift
to the opposite sentiment [40]. In addition, the expanded scope of government response
attracts the expression of negative sentiments from groups that are themselves distrustful
of the government. Both explanations are plausible, but the exploration of specific causes
and effects requires further research.

In both the Positive Netizen Strategy and the Negative Netizen Strategy, the conclu-
sion is the same: positive individual behavior can inhibit the spread of negative emotions
and promote the spread of positive emotions. Specifically, individuals who reduce the
transmission of negative emotions and increase the transmission of positive emotions will
contribute to an increase in positive social emotions. The results seem obvious, but the
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implications for the entire public sentiment system (including individuals, government,
commercial media, context, etc.) are unknown and meaningful. Previous studies have
shown that the formation of identical emotional groups is the result of two factors: emo-
tional contagion and homophily (getting together with people of similar emotions) [41],
with the former playing a major role [42]. The conclusion that emotions can be massively
contagious on social networks has been extensively verified in previous studies [42–45],
which is an almost confirmed fact, and our simulation results also prove this. Furthermore,
previous empirical studies have shown that when individuals reduce their positive emo-
tional expression of events, others’ positive emotional expression decrease and negative
expression increase accordingly [45]. This is consistent with the results of our individual
behavioral simulations. This suggests that the emotional transmission results of individual
behaviors may be related to the initial emotional distribution and the rate of emotional
contagion. The final distribution of emotions depends on the distribution of initial emo-
tions [46], and a higher number of individuals unaffected by the emotions of others can
effectively reduce aggressive emotions and behaviors [47], and these results provide strong
evidence for the influence of initial emotion distribution on emotional contagion. A deeper
explanation for this is that strongly connected network structures (e.g., the influence or
number of followers of an individual) satisfy the basic requirement for emotional conta-
gion (the possibility of being more widely known) [43]. The contagion rate of emotions
depends on the network structure, peer pressure, the nature of the emotion itself, and the
characteristics of the individual. Research has shown that contagion of emotions is not
only influenced by network structure, but also reinforces it (i.e., people are more willing to
express views and empathy with people who have the same emotions) [43]. Peer pressure
forces individuals with different emotions to switch to the same emotion. In addition, there
are different findings on the contagiousness or influence of emotions in different research
contexts. Some studies have suggested that negative emotions are more contagious com-
pared to positive emotions [43,46], but others have taken the opposite view [48], while some
have concluded that there is no significant difference in the contagiousness of different
emotions [45]. In the Chinese situation, the government is more concerned with building
its authority and credibility, so positive sentiment seems to be more popular with the
public, as evidenced by the comparison of the effects of the Positive Netizen Strategy and
the Negative Netizen Strategy. Finally, the effect of individual characteristics on emotional
contagion is very rare in existing studies, but some side evidence suggests that individual
personality type [49] (extrovert, introvert) and education [50] have a significant effect on
emotional contagion.

Although the disaster context (epidemic) is the source of negative public sentiment
events, our simulation results suggest that changes in the disaster context do not seem
to have a significant enough impact on the spread of public sentiment. A worse disaster
context after a negative event outbreak can slightly promote the spread of negative emotions
and slightly inhibit the spread of positive emotions. To date, research on the context of
emotional contagion has been relatively sparse, but many studies of sentiment analysis
of social networks during COVID-19 seem to be able to detect some patterns. A Twitter
analysis of Chinese Netizen sentiment during COVID-19 found that Chinese Netizens’
sentiment was consistently negative, but increased slightly as the outbreak subsided [51].
In addition, many similar studies on Chinese microblogs (WeiBo, Sina, Beijing, China)
have found similar results [52,53]. These studies were able to provide evidence for our
results. One possible explanation for this result is that negative sentiment events are
relatively independent of the disaster context once they are generated. The disaster context
provides the initial conditions for the generation of negative emotional events, yet the
spread of public sentiment relies heavily on emotional contagion. People are concerned
about the problems exposed by the negative events and hope that the government can
solve them properly. Therefore, the process of government handling and the process of
people’s emotional contagion are the main factors that affect public sentiment. Changes in
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the disaster context have the potential to influence public sentiment, but changes in the
disaster context alone are not enough.

Currently, social media and e-government are playing an increasingly important role
in exposing corruption and social problems [54]. It is a challenge for governments and insti-
tutions to rebuild their reputation while accepting beneficial improvements from the public.
As mentioned at the beginning of this paper, people’s trust in government or institutions
plays a very important role in the acceptance of large beneficial public programs (e.g., vac-
cination). Therefore, we offer some suggestions and reflections based on the results of the
study. Social media is a platform for presentation of the image of government, institutions,
and local communities [55]. If official communication is marginalized or ignored, it will
have serious consequences. As the speed of information interaction increases, governments
and institutions first need to move from their former role as broadcasters to information
participants and receivers [56]. Secondly, when the government informs the process of
handling negative events, it needs to make announcements not only for the public, but
also in terms of breadth and depth. Especially in the face of some negative events that may
seriously damage the credibility, it is necessary not only to expand the range of users of
the announcement as much as possible, but also to give more in-depth interpretations for
different government or institutional media (e.g., legal, life, etc.). Finally, governments or
institutions need to cultivate media with significant influence and authority over time. The
role of these media in guiding sentiment, dispelling rumors, and rebuilding reputations
is enormous.

The population is more inclined to follow the emotional expressions of the overall
channel than the specific information content in social networks [41], which indicates that
people’s emotions can be easily manipulated maliciously. Reducing malicious manipulation
of emotions requires both individual and institutional efforts. First of all, the content
review mechanism of social media platforms needs to be improved, and comments that
are obviously violent, discriminatory and anti-human need to be banned or alerted. Those
negative messages that have not been confirmed also need to be informed to each recipient.
The purpose of this is to reduce the degree of connectedness of the network structure,
making it difficult for emotions to be spread. However, social media platforms do not
seem to have an incentive to do so: reducing these posts containing radical statements
and emotions would mean a decrease in online social engagement [45]. Therefore, it
would be more effective for the entire social platform industry to reach a consensus in
this regard. Second, individual characteristics differ in discriminating information and
emotions [57], and in general, education is inversely related to online social expression [58].
More educated people care about the content of information when they are exposed to it
rather than the subjective emotions of others. This requires governments or institutions
to make science knowledge available to the public as much as possible. In addition, the
Positive Netizen Strategy seems to be more harmless than the Government Strategy: the
Positive Netizen Strategy does not cause an increase in negative emotions, suggesting that
improving the quality of individuals and discouraging malicious manipulation of emotions
may be a more socially beneficial initiative. Finally, differences in disaster environments
may induce different negative public sentiment events. Under an epidemic, negative events
expose problems in epidemic preparedness and people focus more on solving existing
problems rather than ignoring them. While the mitigation of an epidemic has a significant
effect on overall human health, it does not address the specific problems revealed by the
negative events. Therefore, additional staffing is needed to specifically address existing
problems while ensuring the smooth operation of the epidemic prevention efforts.

5. Conclusions

We construct a model of public sentiment transmission under an epidemic based on
theories such as system dynamics and cross-validation, and propose a framework that can
be used to improve the model. By analyzing the mechanism and influencing factors of
online public sentiment dissemination, a specific SD model is constructed to simulate the
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dissemination process of public sentiment system. Finally, the validity and rationality of the
model are proved through real classical cases. On this basis, the in-fluence of governmental
behavior, netizens behavior and disaster context on the propagation of public sentiment
is analyzed, and a series of conclusions are drawn: (1) increased government response
facilitates the spread of positive sentiment; (2) positive individual behavior contributes to
an increase in positive sentiment; (3) changes in the disaster environment (epidemic) affect
the spread of sentiment, but the effect is mediocre.

This paper provides a new idea for modeling the public sentiment system under
sudden disasters, and also provides theoretical support for relevant organizations to take
measures to guide public sentiment. However, our model only considers the situation
where the government actively deals with negative events. We suggest that future research
could be based on this study by including different governmental attitudes in the model and
conducting a precise sentiment analysis of the data, which might lead to more interesting
and meaningful results.
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Appendix A

Algorithm A1. Reverse Regression

Input: Dependent variables data y, other independent variables data othervar, the number of
iterations NI, initial share factor data sharefactor, the number of iterations NRI, Maximum and
minimum values assumed for sharefactor variable mins and maxs.
LD = The number of dependent variables
for i in 0 to LD:
for i2 in 0 to NI:
for i3 in 0 to NRI:
n = Generate a random number from 0 to the length of sharefactor data
for i4 in mins to maxs:
Convert the nth value of sharefactor to i4.
Calculate the goodness-of-fit of the regression of othervar and sharefactor on the y (Equation (5)).
Obtain the sharefactor with the highest r2.

Obtain NI sharefactor with the highest r2.

Obtain the LD * NI matrix of sharefactor with the highest r2.

SFMATRIX = the LD * NI matrix of sharefactor with the highest r2

46



Int. J. Environ. Res. Public Health 2021, 18, 4245

for i1 in 0 to LD:
for i2 in the i1th column of SFMATRIX:
for i3 in numbers from 0 to LD except i1:
for i4 in the i3th column of SFMATRIX:
Calculate the r2 of i2 and i4

Obtain i4 with highest r2
Obtain LD—1 sharefactor that are most similar to the trend of i2 in all columns except for column i1.

Each sharefactor, in the i1th column of SFMATRIX, gets LD—1 sharefactor that are most similar to it
Each sharefactor, in SFMATRIX, gets LD—1 sharefactor that are most similar to it
SIMLARM = LD * NI matrix of sharefactor with similar trends among different dependent
variables
Choose the most similar trend in SIMLARM.
Output: Sharefactor with the most similar trend among different dependent variables

Algorithm A2. Cross-Validation in the Selection of Linear Models

Input: Dependent variables data y and independent variables data id, deterministic variables DV
and uncertain variables UV, the lowest goodness-of-fit (GOF) that can do cross-validation G.
IN = None
while GOF < G:

RV = UV except IN
DV = add IN to DV
for i in RV:

Linear regression of the DV and i on the dependent variable.
Calculate the goodness-of-fit (GOF)

Select the i with the highest GOF.
IN = i

UV = UV except DV
for i in 0 to the number of UV:
CV = Combine i variables from UV
for i2 in CV:
add i2 to DV.
Separate data by 8:2 as training and validation sets.
Train set train model (liner regression).
Calculate the validation set error (GOF) using the trained model.
Select the model with the highest GOF in the validation set.
Select the model with the highest GOF in the validation set.
Output: The best model with the highest GOF in the validation set.

Table A1. Model equations.

Name Abbreviation Equations Method Initial Value

Time T T = [1,2,3,4,5,6] - 0Explanation: Iteration time of the model

R Discussions RD dRD
dT = RND

ODE 0Explanation: Level of network discussion after the government response

P Discussions PD dPD
dT = ND

ODE 0Explanation: Level of network discussion before the government response

R Government Speed RGS Constants: 2 - -
Explanation: Speed of government response, measured in days

Epidemic Factor EF EF = 0.4 * (NC − 0)/(3887 − 0) + 0.6 * (NEC −
0)/(58,097 − 0) Min-Max scaling 0

Explanation: Weighted sum of the number of new and existing infections

Now Confirm NC Constants: 5691 - -
Explanation: Number of new infections

New Confirm NEC Constants: 2644 - -
Explanation: Number of current infections

Sharefactor SF Constants: 3.75 Reverse Regression -
Explanation: Factors that represent constants during the event, such as the nature of the event itself, the

education level of netizens, etc.
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Table A1. Cont.

Name Abbreviation Equations Method Initial Value

Netizen Posts NP

NP = POISSON (1874.116 * 1 + 4554.442 * GFOC * T +
0.27 * GF * CMR − 364.268 * GFOC * RGR − 714.778 *

T + 86.904 * SF − 0.097 * GF * RCMF + 54.022 * T ** 2 −
4298.99 * GFOC − 11.608 * GFOC * CMR + 1666.766 *
GFOC * RCMR − 108.324 * GFOC * RCMF − 1.767 *
GFOC * RNP − 5.154 * GR + 0.501 * GR ** 2 − 2.272 *
BMP − 17.548 * GFOC * GF − 0.034 * RNP * RCMR)

Liner Regression & poisson 0

Explanation: Number of original postings by netizen

Commercial Media Posts CMP
CMP = POISSON (6.022 * 1 + 0.023 * NP * GFOC +

3.065 * SF + 21.104 * GFOC − 29.066 * T + 2.183 * T **
2 + 15.346 * EF)

Liner Regression & poisson 0

Explanation: Number of posts in commercial media

Commercial Media Reposts CMR

CMR = POISSON (78.17 * 1 − 0.034 * RCMF * RCMR
− 76.7 * T + 9.187 * SF + 0.324 * CMF * GFOC − 0.177 *
CMF + 17.044 * EF − 2.539 * GFOC * GP + 0.001 * GF **
2 − 0.032 * NP − 0.0 * NP ** 2 + 0.035 * GF * RCMF −

0.002 * GF * RNP − 0.017 * NP * RCMF + 0.004 * CMF *
RNP + 0.154 * RNP + 0.032 * NP * T − 0.061 * NP *

RCMR + 0.001 * NP * RGR + 0.001 * CMF * NP − 0.011
* CMF ** 2 + 5.016 * T ** 2 + 0.293 * CMF * RCMR +

0.003 * GP * RNP − 0.132 * GP * RCMF + 1.939 * GFOC
* RGR − 41.531 * GFOC − 3.366 * GR + 1.197 * BMP −

0.001 * GF * BMP − 0.31 * BMP * T + 17.044 * EF)

Liner Regression & poisson 0

Explanation: Number of commercial media posts retweeted

Commercial Media Followers CMF

CMF = 65.935 * 1 − 20.438 * T + 0.416 * SF + 1.441 * T
** 2 + 0.477 * GFOC ** 2 + 0.021 * RCMR * T + 0.0 * GF

** 2 + 0.0 * RCMP * NP + 0.021 * GR * T + 0.024 *
RCMP * T − 0.0 * RNP * RCMP − 0.288 * GP * T +

0.097 * GFOC * BMP + 0.023 * NP * T − 0.034 * NP −
0.0 * NP * BMP + 0.037 * GP*RCMR + 0.002 * GFOC *
NP − 0.781 * RCMF − 0.037 * GFOC * RCMP + 0.8 *

GFOC * T + 0.133 * RCMF * T + 0.002 * RCMF * NP −
0.656 * GFOC * GP + 1.863 * GFOC * RCMR + 0.0 * GP

* RNP − 0.029 * GR * RCMR + 0.783 * EF

Liner Regression 0

Explanation: The average number of followers of commercial media involved in the event discussion, indicating
the influence of commercial media

Commercial Media Discussions CMD CMD = CMP * CMR - 0Explanation: The sum of netizens discussions within commercial media

Government Posts GP

GP = POISSON (20.262 * 1 − 1.483 * GFOC ** 2 −
1.384 * SF − 0.0 * BMP ** 2 + 13.428 * GFOC + 0.0 *
NP * BMP + 0.215 * GFOC * BMP − 0.344 * BMP −
0.042 * NP * GFOC + 0.254 * BMP * T + −4.084 * EF)

Liner Regression & poisson 0

Explanation: Number of government media postings

Government Reposts GR

GR = POISSON (3.462 * 1 + 0.0 * BMP ** 2 − 1.232 *
SF + 2.917 * GFOC ** 2 − 0.038 * GF * GFOC + 0.0 *

NP ** 2 + 0.001 * GF * RCMF + 0.0 * GF * NP + 0.003 *
BMP * RCMF − 0.028 * BMP * T + 0.317 * EF)

Liner Regression & poisson 0

Explanation: Number of government media posts retweeted

Government Followers GF

GF = 102.26 * 1 + 0.191 * GFOC * RNP + −9.552 * SF +
0.007 * CMR * BMP + −13.49 * T + 0.64 * T ** 2 +
−0.073 * BMP * RGR + 0.001 * RGR ** 2 + −0.02 *

GFOC * NP + 0.107 * GFOC * BMP + −0.003 * NP *
RCMP + −1.624 * GFOC * RCMF + −0.002 * CMR *
RCMF + 0.056 * RCMP * T + 0.011 * RCMP * RGR +
−0.028 * RCMR ** 2 + 0.112 * RCMR * T + 1.078 *
RCMR + 1.987 * GFOC * RGR + 3.286 * GFOC *

RCMR + 0.012 * CMR * RCMR + 0.0 * NP * BMP +
−0.45 * RNP + −0.0 * RCMP ** 2 + 0.015 * BMP *

RCMP + 0.002 * RNP * RCMF

Liner Regression 0

Explanation: The average number of followers of government media involved in the event discussion,
indicating the influence of government media

Government Discussions GD GD = GP * GR - 0Explanation: The sum of netizen discussions within government media

Network Discussions ND ND = NP+ BMD + GD - 0Explanation: Total postings by netizens, government and commercial media before government response

R Netizen Posts RNP
RNP = POISSON (−298.162 * 1 + 4.712 * BMP + 10.359

* SF − 0.007 * RGP * BMP − 0.017 * RGR * CMR +
3.092 * RGP * T + 0.019 * GP * GR + 56.422 * EF)

Liner Regression & poisson 0

Explanation: The number of original posts from netizens after the government response.

R Commercial Media Posts RCMP

RCMP = POISSON (−67.288 * 1 + 2.357 * RGP + 1.491
* SF − 0.071 * CMR * GP + 0.432 * GFOC * GF − 0.053
* RGR * RGP + 0.079 * RGR * GP + 0.063 * RGP * CMR

+ 14.523 * EF)
Liner Regression & poisson 0

Explanation: Number of commercial media postings after government response
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Table A1. Cont.

Name Abbreviation Equations Method Initial Value

R Commercial Media Reposts RCMR

RCMR = POISSON (−4.361 * 1 + 0.006 * RCMF * RGR
+ 1.129 * SF − 0.001 * RGR ** 2 + 0.013 * CMR + 0.02 *
GP + 0.007 * RCMF * T − 0.041 * BMP − 0.001 * CMR

* BMP + 0.046 * BMP * T − 0.0 * NP * GR)
Liner Regression & poisson 0

Explanation: Retweeted commercial media posts after government response

R Commercial Media Followers RCMF

RCMF = 127.299 * 1 − 0.924 * RGF + 2.676 * SF −
43.353 * T − 0.084 * CMR * GR + 0.0 * NP * GR + 0.014
* GP * GR + 0.011 * CMR * GF + 2.827 * T ** 2 + 0.157 *
RGF * T − 0.245 * GF * T − 0.025 * RGR * GP + 2.698 *
EF + 2.981 * GR * T + 0.003 * RGF * GR + 0.306 * GP *
T + 0.29 * GFOC * RGF − 0.06 * RGR * GR − 0.089 *

NP − 0.138 * GFOC * RGP + 0.007 * RGR * RGF +
2.698 * EF

Liner Regression 0

Explanation: The average followers of commercial media involved in the discussion of the event after the
government response

R Commercial Media
Discussions RCMD RCMD = RCMP * RCMR - 0

Explanation: Total netizen discussion within the commercial media after the government response

R Government Posts RGP RGP = POISSON ([0,305,3,0,0,0]) real data & poisson 0Explanation: Number of government response postings after the government response

R Government Reposts RGR

RGR = POISSON (−23.102 * 1 − 0.0 * NP ** 2 + 3.439 *
SF − 0.093 * BMP * T + 0.002 * RGF * CMR − 0.391 *

GR * T − 0.0 * RGF ** 2 − 0.001 * GF ** 2 + 0.002 *
RGF * GF + 0.002 * CMR * NP + 0.004 * BMP * GR +
0.174 * RGF − 26.594 * GFOC + 0.054 * NP − 0.0 *

CMR ** 2 + 2.363 * EF)

Liner Regression & poisson 0

Explanation: Number of government media postings retweeted by netizens after government response

R Government Followers RGF RGF = [0,444,158,0,0,0]
Real Data 0Explanation: Average number of government media followers after government response

R Government Discussions RGD RGD = RGP * RGR - 0Explanation: Total network discussions within government media after government response

R Network Discussions RND RND = RNP+ RBMD + RGD - 0Explanation: Total postings and reposts by netizens, government and commercial media after the government
response

Government Focus GFOC GFOC = (RGP * RGF − 0)/(253,132 − 0) * 10 Min-Max scaling 0Explanation: The level of government media involvement in the event discussion.

Public Sentiment PS PS = RD − PD - 0Explanation: Propagation of public sentiment before and after the response

Note: * is for multiplication and ** is for power operations.

References

1. COVID-19 Weekly Epidemiological Update. Available online: https://www.who.int/publications/m/item/weekly-
epidemiological-update---29-december-2020 (accessed on 30 December 2020).

2. Kiecolt-Glaser, J.K.; McGuire, L.; Robles, T.F.; Glaser, R. Emotions, morbidity, and mortality: New perspectives from psychoneu-
roimmunology. Annu. Rev. Psychol. 2002, 53, 83–107. [CrossRef] [PubMed]

3. Schaller, M.; Murray, D.R.; Bangerter, A. Implications of the behavioral immune system for social behavior and human health in
the modern world. Philos. Trans. Biol. Sci. 2015, 370, 1–10. [CrossRef]

4. Kalichman, S. Denying AIDS: Conspiracy theories, pseudoscience, and human tragedy. Afr. Aff. 2009, 109, 505–506. [CrossRef]
5. Farmer, P. AIDS and Accusation: Haiti and the Geography of Blame, 1st ed.; University of California Press: Berkeley, CA, USA, 2006;

p. 372.
6. Bogart, L.M.; Wagner, G.; Galvan, F.H.; Banks, D. Conspiracy beliefs about HIV are related to antiretroviral treatment: Nonadher-

ence among African American men with HIV. J. Acquir. Immune. Defic. Syndr. 2010, 53, 648–655. [CrossRef] [PubMed]
7. Gilles, I.; Bangerter, A.; Clémence, A.; Green, E.G.T.; Krings, F.; Staerklé, C.; Wagner-Egger, P. Trust in medical organiza-

tions predicts pandemic (H1N1) 2009 vaccination behavior and perceived efficacy of protection measures in the Swiss public.
Eur. J. Epidemiol. 2011, 26, 203–210. [CrossRef] [PubMed]

8. DeStefano, F.; Shimabukuro, T.T. The MMR vaccine and autism. Annu. Rev. Virol. 2019, 6, 585–600. [CrossRef] [PubMed]
9. Hills, P.; Argyle, M. The oxford happiness questionnaire: A compact scale for the measurement of psychological well-being.

Pers. Individ. Differ. 2002, 33, 1073–1082. [CrossRef]
10. Derogatis, L.R.; Lipman, R.S.; Covi, L. SCL-90: An outpatient psychiatric rating scale–Preliminary report. Psychopharmacol. Bull.

1973, 9, 13–28. [PubMed]
11. Larsen, K.S.; Cary, W.; Chaplin, B.; Deane, D.; Green, R.; Hyde, W.; Zuleger, K. Women’s liberation: The development of a

likert-type scale. J. Soc. Psychol. 1976, 98, 295–296. [CrossRef]
12. Hong, Y.; Lee, T.; Kim, J.S. Serial Multiple Mediation Analyses: How to Enhance Individual Public Health Emergency Preparedness

and Response to Environmental Disasters. Int. J. Environ. Res. Public Health 2019, 16, 223. [CrossRef]

49



Int. J. Environ. Res. Public Health 2021, 18, 4245

13. Li, S.; Wang, Y.; Xue, J.; Zhao, N.; Zhu, T. The Impact of COVID-19 Epidemic Declaration on Psychological Consequences: A Study
on Active Weibo Users. Int. J. Environ. Res. Public Health 2020, 17, 2032. [CrossRef]

14. Apuke, O.D.; Omar, B. Fake News and COVID-19: Modelling the Predictors of Fake News Sharing Among Social Media Users.
Telemat. Inform. 2020, 56, 101475. [CrossRef]

15. Hong, Y.; Zhang, P. Political news and happiness: The difference between traditional media and new media use. Chin. J. Commun.

2020, 13, 370–388. [CrossRef]
16. Liu, D.; Wang, W.; Li, H. Evolutionary Mechanism and Information Supervision of Public Opinions in Internet Emergency.

Procedia Comput. Sci. 2013, 17, 973–980. [CrossRef]
17. Naskar, D.; Singh, S.; Kumar, D.; Nandi, S.; Rivaherrera, E. Emotion Dynamics of Public Opinions on Twitter. ACM Trans. Inf. Syst.

2020, 38, 18. [CrossRef]
18. Xie, T.; Wei, Y.; Chen, W.; Huang, H. Parallel evolution and response decision method for public sentiment based on system

dynamics. Eur. J. Oper. Res. 2020, 287, 1131–1148. [CrossRef] [PubMed]
19. Sun, W.; Zhao, C.; Wang, Y.; Cho, C.H. Corporate social responsibility disclosure and catering to investor sentiment in China.

Manag. Decis. 2018, 56, 1917–1935. [CrossRef]
20. Danso, A.; Lartey, T.; Amankwah-Amoah, J.; Adomako, S.; Lu, Q.; Uddin, M. Market sentiment and firm investment decision-

making. Int. Rev. Financ. Anal. 2019, 66, 101369. [CrossRef]
21. Geisser, S. A Predictive Approach to the Random Effect Model. Biometrika 1974, 61, 101–107. [CrossRef]
22. Devroye, L.; Wagner, T.J. Distribution-Free performance bounds for potential function rules. IEEE Trans. Inf. Theory 1979, 25,

601–604. [CrossRef]
23. Bañuls, V.A.; Turoff, M.; Roxanne, S. Collaborative scenario modeling in emergency management through cross-impact.

Technol. Forecast. Soc. Chang. 2013, 80, 1756–1774. [CrossRef]
24. Davis, J.P.; Eisenhardt, K.M.; Bingham, C.B. Developing theory through simulation methods. Acad. Manag. Rev. 2007, 32, 480–499.

[CrossRef]
25. Rogers, G.; Chow, J. Hands-on teaching of power system dynamics. IEEE Comput. Appl. Power 1995, 8, 12–16. [CrossRef]
26. Mcquail, D.; Windahl, S. Communication Models for the Study of Mass Communications, 2nd ed.; Routledge: Oxford, UK, 1981;

pp. 138–140.
27. Sterman, J. System dynamics modelling: Tools for learning in a complex world. Calif. Manag. Rev. 2001, 43, 8–25. [CrossRef]
28. Rahmandada, H.; Sterman, J.D. Reporting guidelines for simulation-based research in social sciences. Syst. Dyn. Rev. 2012, 28,

396–411. [CrossRef]
29. Weibo Search Weibo Topic. Available online: https://s.weibo.com/ (accessed on 1 May 2020).
30. Che, X.H.; Ip, B. Social Networks in China, 1st ed.; Chandos: Cambridge, MA, USA, 2018; pp. 87–100.
31. Tencent WeChat Subscriptions Platform. Available online: https://mp.weixin.qq.com/ (accessed on 1 May 2020).
32. Zhiweidata Events Library. Available online: https://ef.zhiweidata.com/library (accessed on 1 May 2020).
33. Huo, L.; Huang, P.; Fang, X. An interplay model for authorities’ actions and rumor spreading in emergency event. Phys. A Stat.

Mech. Appl. 2011, 390, 3267–3274. [CrossRef]
34. Briones, R.L.; Kuch, B.; Liu, B.F.; Jin, Y. Keeping up with the digital age: How the American Red Cross uses social media to build

relationships. Public Relat. Rev. 2011, 37, 37–43. [CrossRef]
35. Coombs, W.T. Protecting Organization Reputations During a Crisis: The Development and Application of Situational Crisis

Communication Theory. Corp. Reput. Rev. 2007, 10, 163–176. [CrossRef]
36. Huffaker, D. Dimensions of Leadership and Social Influence in Online Communities. Hum. Commun. Res. 2010, 36, 593–617.

[CrossRef]
37. Yu, L.; Li, L.; Tang, L. What can mass media do to control public panic in accidents of hazardous chemical leakage into rivers?

A multi-agent-based online opinion dissemination model. J. Clean. Prod. 2017, 143, 1203–1214. [CrossRef]
38. Dyda, A.; Shah, Z.; Surian, D.; Martin, P.; Coiera, E.; Dey, A.; Leask, J.; Dunn, A.G. HPV vaccine coverage in Australia and

associations with HPV vaccine information exposure among Australian Twitter users. Hum. Vaccines Immunother. 2019, 15,
1488–1495. [CrossRef] [PubMed]

39. Blanchard-Boehm, R.D.; Cook, M.J. Risk Communication and Public Education in Edmonton, Alberta, Canada on the 10th
Anniversary of the “Black Friday” Tornado. Int. Res. Geogr. Environ. Educ. 2004, 13, 38–54. [CrossRef]

40. Balathé, M.; Vu, D.Q.; Khandelwal, S.; Hunter, D.R. The dynamics of health behavior sentiments on a large online social network.
EPJ Data Sci. 2013, 2, 4. [CrossRef]

41. Rosenbusch, H.; Evans, A.M.; Zeelenberg, M. Multilevel Emotion Transfer on YouTube: Disentangling the Effects of Emotional
Contagion and Homophily on Video Audiences. Soc. Psychol. Personal. Sci. 2019, 10, 1028–1035. [CrossRef]

42. Fowler, J.H.; Christakis, N.A. Dynamic spread of happiness in a large social network: Longitudinal analysis over 20 years in the
Framingham Heart Study. BMJ 2008, 337, a2338. [CrossRef]

43. Goldenberg, A.; Gross, J.J. Digital Emotion Contagion. Trends Cogn. Sci. 2020, 24, 316–328. [CrossRef] [PubMed]
44. Kramer, A.D.I. The spread of emotion via facebook. Assoc. Comput. Mach. 2012, 767–770. [CrossRef]
45. Kramer, A.D.I.; Guillory, J.E.; Hancock, J.T. Experimental evidence of massivescale emotional contagion through social networks.

Proc. Natl. Acad. Sci. USA 2014, 111, 8788–8790. [CrossRef] [PubMed]

50



Int. J. Environ. Res. Public Health 2021, 18, 4245

46. Xiong, X.; Li, Y.; Qiao, S.; Han, N.; Wu, Y.; Peng, J.; Li, B. An emotional contagion model for heterogeneous social media with
multiple behaviors. Phys. A Stat. Mech. Its Appl. 2018, 490, 185–202. [CrossRef]

47. Zhao, L.; Cheng, J.; Qian, Y.; Wang, Q. USEIRS model for the contagion of individual aggressive behavior under emergencies.
Simulation 2012, 88, 1456–1464. [CrossRef]

48. Ferrara, E.; Yang, Z. Measuring emotional contagion in social media. PLoS ONE 2015, 10, e0142390. [CrossRef] [PubMed]
49. Del Vicario, M.; Vivaldo, G.; Bessi, A.; Zollo, F.; Scala, A.; Caldarelli, G.; Quattrociocchi, W. Echo Chambers: Emotional Contagion

and Group Polarization on Facebook. Sci. Rep. 2016, 6, 1–12. [CrossRef] [PubMed]
50. Diaz, A.; Eisenberg, N. The Process of Emotion Regulation Is Different From Individual Differences in Emotion Regulation:

Conceptual Arguments and a Focus on Individual Differences. Psychol. Inq. 2015, 26, 37–47. [CrossRef]
51. Eachempati, P.; Srivastava, P.R.; Zhang, Z.J. Gauging opinions about the COVID-19: A multi-channel social media approach.

Enterp. Inf. Syst. 2020, 1–35. [CrossRef]
52. Zhu, B.; Zheng, X.; Liu, H.; Li, J.; Wang, P. Analysis of spatiotemporal characteristics of big data on social media sentiment with

COVID-19 epidemic topics. Chaos Solitons Fractals 2020, 140, 110123. [CrossRef] [PubMed]
53. Li, Q.; Wei, C.; Dang, J.; Cao, L.; Liu, L. Tracking and Analyzing Public Emotion Evolutions During COVID-19: A Case Study

from the Event-Driven Perspective on Microblogs. Int. J. Environ. Res. Public Health 2020, 17, 6888. [CrossRef]
54. Bertot, J.C.; Jaeger, P.T.; Grimes, J.M. Using ICTs to create a culture of transparency: E-government and social media as openness

and anti-corruption tools for societies. Gov. Inf. Q. 2010, 27, 264–271. [CrossRef]
55. Jung, J.-Y.; Moro, M. Multi-level functionality of social media in the aftermath of the Great East Japan Earthquake. Disasters 2014,

38, s123–s143. [CrossRef] [PubMed]
56. Branicki, L.J.; Agyei, D.A. Unpacking the Impacts of Social Media Upon Crisis Communication and City Evacuation. In City

Evacuations: An Interdisciplinary Approach; Springer: Berlin, Germany, 2015; pp. 21–37. [CrossRef]
57. Hong, Y.; Kim, J.-S.; Xiong, L. Media Exposure and Individuals’ Emergency Preparedness Behaviors for Coping with Natural and

Human-Made Disasters. J. Environ. Psychol. 2019, 63, 82–91. [CrossRef]
58. Stokes, C.; Senkbeil, J.C. Facebook and Twitter, communication and shelter, and the 2011 Tuscaloosa tornado. Disasters 2016, 41,

194–208. [CrossRef]

51





International  Journal  of

Environmental Research

and Public Health

Article

Place Attachment and Household Disaster Preparedness:
Examining the Mediation Role of Self-Efficacy

Ziyi Wang 1 , Ziqiang Han 1 , Lin Liu 1,2 and Shaobin Yu 1,*

����������
�������

Citation: Wang, Z.; Han, Z.; Liu, L.;

Yu, S. Place Attachment and

Household Disaster Preparedness:

Examining the Mediation Role of

Self-Efficacy. Int. J. Environ. Res.

Public Health 2021, 18, 5565. https://

doi.org/10.3390/ijerph18115565

Academic Editor: Rajib Shaw

Received: 3 April 2021

Accepted: 20 May 2021

Published: 23 May 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 School of Political Science and Public Administration, Shandong University, Qingdao 266237, China;
ziyi.wang.em@mail.sdu.edu.cn (Z.W.); ziqiang.han@sdu.edu.cn (Z.H.); liulinsdu@sdu.edu.cn (L.L.)

2 Institute of Governance, Shandong University, Qingdao 266237, China
* Correspondence: shaobinyu@sdu.edu.cn

Abstract: Household preparedness is essential for resilience-building and disaster risk reduction.

Limited studies have explored the correlations between place attachment, self-efficacy, and disaster

preparedness, especially in the east Asian cultural context. This study investigates the mediating

role of self-efficacy between place attachment and disaster preparedness based on data from the 2018

Shandong General Social Survey (N = 2181) in China. We categorized the preparedness behaviors

into three specific clusters: material, behavioral and awareness preparedness. Multiple linear

regressions and the Sobel Goodman tests were employed to estimate the correlations with the control

of necessary confounding variables such as disaster experience, socioeconomic and demographic

characteristics. The results demonstrate that both the place attachment and self-efficacy are correlated

with higher degrees of overall preparedness and all three types of preparedness, and self-efficacy

plays a mediating role between place attachment and disaster preparedness. These findings highlight

the importance of promoting place attachment and self-efficacy in the advocacies and outreach

activities of disaster preparedness.

Keywords: place attachment; self-efficacy; disaster preparedness; disaster experience; China

1. Introduction

Disaster preparedness, as the knowledge and capacities developed by institutions,
communities, and individuals to anticipate, respond to, and recover from the impacts of all
disasters and the related efforts of increasing such knowledge and capacities [1], is essential
to reduce the impact of a disaster. Pre-disaster risk reduction efforts include both mitigation
and preparedness activities. Some scholars and practitioners differentiate the two concepts.
They suggest that mitigation activities are related to the physical and engineering efforts
and long-run solutions (e.g., building sea walls) [2,3], while the preparedness activities are
more about the knowledge and capacity building activities, but some other researchers treat
all the pre-event mitigation and preparedness activities as similar concepts [4,5]. Disaster
preparedness behaviors include all the actions taken to reduce the potential impact of
potential disasters. In general, disaster activities can be divided into material preparedness
(e.g., preparing an emergency kit at home), awareness or knowledge preparedness (e.g.,
learning knowledge about disasters), and behavioral preparedness (e.g., participating in
exercise or drills, being a volunteer) [6,7], and during the emergent situation, informa-
tion seeking, emotional coping, and the adoption of protective actions (e.g., emergency
evacuation) are the general clusters of preparedness behaviors [8]. Regarding the entities
of disaster preparedness, they can be implemented either by individuals/households or
organizations such as government agencies [9–11] or business companies [12]. Previous
calculation using data from the United States of America indicated that one dollar of
investment in pre-disaster mitigation and preparedness efforts could prevent six dollars in
losses from potential disasters [13]. Since the “whole community” approach is suggested
and all stakeholders are encouraged to engage in disaster preparedness [14], the disaster
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preparedness of individuals and households, which are the basic social unit and the very
frontline of disaster response, deserve to be further investigated.

Scholars have developed or adopted various theoretical frameworks to understand the
predictors and barriers of preparedness behaviors in the face of risk, such as the protective
action decision model, health belief model, extended parallel process model, theory of
planned behavior, social cognitive theories, and personal-relative-to-event model, etc.,
and all these frameworks were concentrated in the social-psychological and behavioral
science domain [6,15]. The social-cognitive framework highlights the importance of place
attachment, types of efficacy, and perceived responsibility among stakeholders in predicting
the adoption of preparedness behaviors, but the effects of these variables in individual and
household disaster preparedness are insufficiently investigated in empirical studies [15,16].
Therefore, inspired by the social cognitive framework in disaster studies [16], we developed
this study by investigating the complex relationships between place attachment, self-
efficacy, and disaster preparedness behaviors.

Place attachment refers to the affect and emotions that connect people to places or
physical environment [17,18]. It can influence an individual’s intention to prepare or the
actual preparedness behaviors, especially in times of stress. Place attachment is a crucial
concept widely used in environmental studies and adopted in cross-disciplinary natural
hazards research. However, the effects of place attachment on risk perception and disaster
preparedness varied in different cultural and hazard contexts in current studies. Bonaiuto’s
review of 31 studies investigating the correlations between place attachment and natural
hazards risk perceptions found that there were both positive and negative relations between
place attachment and risk perception, place attachment, and risk coping behaviors [19].
Moreover, place attachment can affect the risk perception and coping behaviors in multiple
ways, either directly or indirectly, as moderating or mediating roles [18–20].

Place attachment can drive individuals’ personal emotions into practical actions that
protect themselves and their communities [20]. This assumption was supported in India
regarding flood preparedness [18] and in southwest China regarding insurance purchasing
intention toward landslides [21]. Nevertheless, a more substantial place attachment may
lead to underestimating potential risks [22,23], or unwillingness to relocate, or a greater
likelihood of returning to risky areas after a natural disaster [19,24]. The effect of place
attachment on individuals’ risk perceptions and risk coping behaviors can be mediated by
variables such as longevity in or the familiarity with a place [25]. It can also be moderated
by variables such as the environmental contexts or the types of attachments. For example,
in a study about wildfire mitigation and preparedness in Australia, place attachment can
only motivate the residents’ preparedness actions in the rural sample, but not in the urban
and the wildland–urban interface samples [26]. A similar study about flood preparedness
in Orissa, India, also revealed that although genealogical and economical attachment to a
place contributed to flood preparedness, religious attachment did not [18].

Self-efficacy is considered as an individual’s belief or perception about his/her ca-
pacity to practice or implement a task or action [27]. Generally, collective efficacy, re-
sponse/outcome efficacy are similar efficacy concepts used in literature along with self-
efficacy. The response efficacy [28], also termed as outcome efficacy [29,30], refers to the
belief or perception of the usefulness or effectiveness of the protective activities or the
adaptative behaviors. Similarly, collective efficacy refers to the belief or perception of a
group’s conjoint capabilities to organize or do something [31,32]. In the field of disaster
research, self-efficacy refers to the assessment of one’s own ability to initiate or complete a
preventive, protective, or adaptive behavior [29]. Self-efficacy is an essential social cogni-
tive precursor to prepare for disasters in the social-cognitive theory model [16]. People will
develop intentions to prepare for disasters only if they have adequate expectations about
being able to perform the act [33]. Most studies have demonstrated that high self-efficacy
can motivate disaster preparedness intentions or the actual behaviors [30,34,35], or the
specific protective actions in emergencies such as emergency evacuation [29]. Such positive
effects were primarily observed in preparation for floods [36–39], earthquakes [40], or cli-
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mate change-related hazards [30]. In household disaster preparedness studies, self-efficacy
is always captured by the self-reported confidence of their capacity for implementing a
protective action against a disaster or successfully coping with potential disasters [33,39]. It
appears that the role of self-efficacy in disaster preparedness is still relatively understudied
in terms of geographical, social and cultural diversity, though there is an increasing trend
in recent years [30].

The correlation between place attachment and self-efficacy has also been examined
a limited amount in the context of disaster risk perception and preparedness studies,
because most of the studies have not yet linked the two together. According to the place
identity theory, place attachment can produce a stronger sense of self-efficacy [41] because
the environment maintains the feeling of self-efficacy facilitation [42]. The familiarity
and attachment to a place may make people feel unique, in control of, and good about
themselves [43], which eventually provides feelings of distinctiveness, continuity, self-
esteem, and self-efficacy [44].

Therefore, guided by the social-cognitive theory, this study aims to investigate the
correlations between place attachment, self-efficacy, and household preparedness using
a representative survey conducted in 2018 in Shandong province, China. This study can
enrich the current knowledge by (1) linking the place attachment, self-efficacy, and disaster
preparedness in one model, and exploring their complex relations, as shown in Figure 1;
(2) testing these relationships in the context of a place with fewer disasters before but facing
increasing threats from climate-related disasters. Furthermore, the findings of this research
can improve the social cognitive theory in disaster preparedness studies and eventually
promote the individual and household’s disaster preparedness activities by promoting
their confidence in protecting themselves (efficacy) from potential disasters. Based on the
discussions above, we assume that self-efficacy can play a mediating role between place
attachment and preparedness; thus, we hypothesize that:

Figure 1. The proposed conceptual model.

Hypothesis 1 (H1). Place attachment is positively correlated with household preparedness.

Hypothesis 2 (H2). A higher degree of self-efficacy predicts a higher degree of preparedness.

Hypothesis 3 (H3). Self-efficacy mediates the relationship between place attachment and
disaster preparedness.

2. Methods

2.1. Study Area and Participants

Data used in this analysis comes from a representative survey from Shandong province.
As a coastal province of China, Shandong severely suffered from flood risk about 100 years
ago due to the unstable situation of the Huang River [45]. However, during the decades
after the establishment of the People’s Republic of China in 1949, the province has expe-
rienced much fewer occurrences of natural-induced disasters [46]. Nevertheless, more
and more typhoons have hit this area in recent years. In 2018, the typhoon Rumbia hit

55



Int. J. Environ. Res. Public Health 2021, 18, 5565

Shandong province, followed by another typhoon, Lekima, in 2019 [47–49], as shown in
Figure 2a,b. Typhoon Rumbia affected more than 1.47 million residents and caused a direct
economic loss of about 9.2 billion Chinese Yuan (about 1.3 billion US dollars) [50]. Likewise,
typhoon Lekima affected more than 1.66 million residents; among them, 183,800 had to
be evacuated. It was estimated that direct economic loss was about 1.5 billion Chinese
Yuan (about USD $212 million) due to the collapse of houses and the losses of agricultural
productions [51]. In this scenario, studies about residents’ preparedness behaviors based on
data from Shandong province are precious because the public has not experienced disasters
for quite a long time, but the prospect of disasters looms large, especially typhoons and
related floods.

Figure 2. (a) The location of Shandong province and paths of Typhoon Rumbia and Lekima; (b) Sampled counties in Shan-
dong province and paths of Typhoon Rumbia and Lekima. Note: Data source of typhoon path is from China Meteorological
Administration tropical cyclone database. This figure was prepared with ArcGIS 10.7 (ESRI, Redlands, CA, USA).

The Shandong General Social Survey (SGSS) is a large-scale household survey project
conducted by Shandong University, and the disaster preparedness module was included
in the 2018 survey. The survey used a PPS (probability proportionate to size sampling)
sampling strategy, a stratified, four-stage nonprobability sampling method. The primary
sampling unit was the county, the second was the town, and the third was communities.
Households were then randomly selected within the community using the household
registration list. Residents aged 18 and above were the targeted population. We recruited
7382 households, and 4259 individuals in 4259 households responded to our survey, indi-
cating a response rate of 57.69%. Since the disaster preparedness module was only included
in one of the two versions of the questionnaire, this data included 2181 participants from
2181 households. Data collection was conducted through face-to-face interviews by trained
college students between 26 May 2018 and 9 October 2018, with the assistance of the
computer-assisted personal interviewing (CAPI) system. Finally, 1863 valid observations
were included in our analysis after the dropping of records with missing values.

2.2. Measures

2.2.1. Disaster Preparedness

Based on prior studies [6,7,52], 18 questions about disaster preparedness activities
were incorporated into the survey. Specifically, seven of the questions were related to mate-
rial preparedness (food, water, flashlight, emergency kit, radio, medicine, special needs)
within a household, another seven about their planning and actions linked to disaster risk
reduction (behavioral preparedness), and the last four about the participant’s awareness of
disaster protective actions (awareness preparedness). The seven types of behavioral pre-
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paredness activities were “developing a written family emergency plan”, “having a reunion
plan within family members for potential emergencies”, “paying attention to disasters
related information”, “purchasing accident insurance for family members”, “participating
in emergency training”, “discussing with friends and family members about what to do if
emergencies happened”, and “being a volunteer or a member of community emergency
response team”. The four awareness preparedness activities were aware of “how to ask
friends and family members for help”, “know which government agency to call for help”,
“know the nearest emergency shelter”, and “know the emergency exit.”

2.2.2. Place Attachment

The place attachment was estimated by the degree of agreement to two statements:
(1) “I have a sense of belonging to our community”, and (2) “I am very proud to tell others
where I live.” The answers to each question ranged from one to five, indicating an increased
degree of agreement to the statements. The mean value of the answers to the two questions
was used to measure place attachment in this analysis.

2.2.3. Self-Efficacy

Self-efficacy, also termed as one’s confidence about one’s ability to effectively engage
in a behavior [33], can lead to the intention and actual perform of a disaster preparedness
behavior [16]. Based on previous literature [33], we measured self-efficacy by the evaluation
of the question “how do you evaluate your confidence in yourself or your family’s capacity
of response if some emergency happens?”, and a five-point Likert scale measured the
answers from 1 (not confident at all) to 5 (very confident) [29].

2.2.4. Control Variables

Disaster experience, socioeconomic, and demographic variables were included in
this analysis as the controlled variables. The disaster experience was measured by a ques-
tion “Have you experienced the following disasters or emergencies in the last 10 years?”
and 13 types of disasters such as earthquake, flood, landslide/debris flow, typhoon, low-
temperature freezes/blizzards, droughts, water pollution, air pollution/smog, fires, large-
scale infectious diseases (e.g., SARS), nuclear accidents, chemical accidents, and crowd
trampling were included. The frequency of choice to each type of emergency was calculated
as the experience of disasters. Based on previous literature [6,53–58], we controlled the
socioeconomic and demographic variables which were potentially correlated to disaster
preparedness, such as the participant’s age, whether there are children at home (yes = 1),
gender (male = 1), ethnicity (Han = 1), community (rural/urban difference) (urban = 1),
marital status (married = 1), Communist Party of China (CPC) membership (yes = 1), reli-
gion (yes = 1), education level (illiteracy = 0, primary = 1, middle school = 2, high school = 3,
college or above = 4), annual household income (in thousand Chinese Yuan (CNY)), prop-
erty ownership (yes = 1). Being a member of the Chinese Communist Party is always
used as an indicator of political status and capability of acquiring resources in the Chinese
context [6,57].

2.3. Data Analysis

We first reported the percentages of the participants’ preparedness activities and the
descriptive statistics of all the variables. After that, we conducted the OLS (ordinary least
squares) regressions by treating all the preparedness activities as one overall prepared-
ness indicator and then used the material preparedness, behavioral preparedness, and
awareness preparedness as separate preparedness indicators, respectively. The OLS models
were used because we treated the dependent variables as continuous variables in this
paper. We calculated the Cronbach’s alpha test to check the internal consistency for the
concepts that included several variables. The mediation effect of self-efficacy between
place attachment and preparedness was also tested using the Sobel Goodman test and the
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three-step test method [59,60]. All the analyses were conducted by the statistical package
Stata 16 (StataCorp, College Station, Texas, TX, USA).

3. Results

3.1. Descriptive Analysis

The aggregation of all the 18 preparative activities was treated as the degree of overall
preparedness. The sum of the seven material preparedness activities, the four aware-
ness items, and the seven behavioral activities were treated as the degree of material
preparedness, behavioral preparedness, and awareness preparedness, respectively [6,7].

As shown in Table 1, the behavioral aspects of disaster preparedness were compara-
tively low: only 23.99% had insurance coverage for potential emergencies, 15.51% had a
reunion plan within family members for a potential emergency, 9.64% had participated in
emergency training, 2.76% had been a volunteer, and 1.47% had drafted a family emergency
plan. A total of 55.95% knew the nearest emergency shelter, 27.19% knew the emergency
exit and how to evacuate safely, 38.59% knew which government agency to call for help
during emergencies, and 75.10% knew how to ask friends and family members for help.
For the four material preparedness activities, 82.25% of the participants had prepared
a three-day supply of water, 59.59% had prepared a three-day supply of food, 64.90%
had a flashlight, 9.90% had an emergency kit, 14.63% had a radio with batteries, 70.46%
had necessary medicine for family members, and 14.59% had arranged special needs for
women, children or elders.

Table 1. Disaster preparedness activities.

Types Variables Frequency Percentage

Material
preparedness

Three-day supply of water 1793 82.25
Three-day supply of food 1299 59.59
Flashlight 1415 64.91
Emergency kit 216 9.91
Radio with batteries 319 14.63
Necessary medicine for family members 1536 70.46
Special needs for women, children
or elders

318 14.59

Behavioral
preparedness

Having a family emergency plan 32 1.47
Having a reunion plan within family
members for potential emergency

338 15.51

Paying attention to disasters related
information

908 41.69

Purchasing accident insurance for
family members

522 23.99

Participating in emergency training 210 9.64
Discussing with friends and family
members about what to do if
emergencies happened

524 24.06

Being a volunteer or a member of
community emergency response team

60 2.76

Awareness
preparedness

Knowing the nearest emergency shelter 1217 55.95
Knowing the emergency exit and how to
evacuate safely

592 27.19

Knowing which government agency to
call for help during emergencies

840 38.59

Knowing how to ask friends and family
members for help

1635 75.10

Place attachment had a mean value of 3.72, with a standard deviation of 0.77, and a
Cronbach’s alpha test result of 0.78. Self-efficacy had a mean value of 4.25, with a standard
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deviation of 0.87. Disaster experience ranged from 0 to 12, with a mean value of 2.33, and a
standard deviation of 1.80 (Table 2).

Table 2. Descriptive statistics of independent variables.

Variables N Mean SD Min Max

Place attachment 2172 3.72 0.77 1 5
Self-efficacy 2172 4.25 0.87 1 5
Disaster experience 2169 2.33 1.80 0 12
Age 2181 53.75 16.63 18 99
Annual household income 1863 57,190 136,786 0 4,000,000

Frequency Percent

Property ownership
Yes 1143 52.41
No 1038 47.59

Education

Illiteracy 511 23.44
Primary 515 23.62
Middle 618 28.35
High 285 13.07

College+ 251 11.51

Gender
Female 1193 45.30
Male 988 54.70

Ethnicity
Han 2171 99.54

Others 10 0.46

Community Rural 2073 95.05
Urban 108 4.95

Religion
None 2067 94.77
Yes 114 5.23

Marital status
Not

married
471 21.60

Married 1710 78.40

CPC member
Yes 167 7.67
No 2011 92.33

Child(ren) at home
Yes 1991 91.29
No 190 8.71

Total 2181 100

As shown in Table 2, within the 2181 participants, 54.70% were male, 99.54% were the
Han majority, 96.64% were registered as rural Hukou, 5.23% had religious beliefs, 78.40% of
them were married, 91.29% had at least one child at home, 52.41% possessed their property
right, and 7.67% were CPC members. For education degree, 23.44% of the respondents only
attended primary school, 28.35% attended middle school or equivalent, 13.07% attended
high school or equivalent, and 11.51% had college or above education experience. On
average, the participants were 53.75 years old, and their average annual household income
was about 57,190 Chinese Yuan (about 8760 US dollars).

3.2. Correlations between Place Attachment, Self-Efficacy, and Preparedness

This study differentiated the overall preparedness into three categories: material
preparedness, behavioral preparedness, and awareness preparedness. As shown in Table 3,
both self-efficacy and place attachment are correlated to the overall preparedness indicator,
as well as the three different preparedness degrees, in terms of material preparedness,
awareness preparedness, and behavioral preparedness.
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Table 3. Disaster preparedness and influencing factors (full models).

Variables
Overall

Preparedness
Material

Preparedness
Behavior

Preparedness
Awareness

Preparedness

Place attachment
0.34 *** 0.13 *** 0.15 *** 0.08 **
(0.09) (0.05) (0.04) (0.04)

Self-efficacy 0.53 *** 0.19 *** 0.12 *** 0.22 ***
(0.08) (0.04) (0.03) (0.03)

Disaster experience 0.23 *** 0.08 *** 0.10 *** 0.05 ***
(0.04) (0.02) (0.02) (0.02)

Age −0.02 *** 0.00 −0.01 *** −0.01 ***
(0.01) (0.00) (0.00) (0.00)

Child(ren) at home 0.13 0.12 −0.06 0.08
(0.31) (0.17) (0.13) (0.13)

Gender 0.41 *** 0.14 * 0.12 * 0.14 **
(0.15) (0.08) (0.06) (0.06)

Ethnicity 0.01 0.68 −0.23 −0.44
(1.00) (0.54) (0.43) (0.42)

Community (rural/urban) 0.31 0.33 ** 0.10 −0.12
(0.31) (0.17) (0.13) (0.13)

Religion −0.10 −0.19 0.05 0.03
(0.30) (0.16) (0.13) (0.13)

Marital status 0.49 ** 0.32 *** 0.05 0.11
(0.19) (0.10) (0.08) (0.08)

Education 0.52 *** 0.13 *** 0.24 *** 0.17 ***
(0.07) (0.04) (0.03) (0.03)

CPC membership 1.23 *** 0.36 ** 0.37 *** 0.51 ***
(0.26) (0.14) (0.11) (0.11)

Annual household income
0.00 ** 0.00 0.00 ** 0.00 ***
(0.00) (0.00) (0.00) (0.00)

Property ownership −0.26 * −0.13 * −0.10 −0.03
(0.14) (0.08) (0.06) (0.06)

N 1831 1842 1840 1833
R2 0.19 0.07 0.16 0.16

Note: standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.

One degree’s increase of place attachment is positively correlated with a 0.34, 0.13,
0.15, and 0.08 degree of increase in overall disaster preparedness, material preparedness,
behavioral preparedness, and awareness preparedness. Thus, Hypothesis 1 is supported,
demonstrating that residents with a stronger sense of place attachment prepare more for
potential disasters.

Self-efficacy is also associated with a higher degree of overall disaster preparedness
(β = 0.53, p < 0.01), material preparedness (β = 0.19, p < 0.01), behavioral preparedness
(β = 0.12, p < 0.01) and the awareness preparedness (β = 0.22, p < 0.01). Thus, Hypothesis 2
is supported.

Moreover, the respondents that have disaster experience, with older age, male gender,
CPC members, with higher education level, and with higher annual household income
tend to have significantly higher levels of disaster preparedness, while the effects of
variables such as having at least one child at home, ethnicity, and religious status are not
significant. The results also suggest that being married, and living in an urban area tend
to indicate a higher degree of material preparedness, but not behavior preparedness and
awareness preparedness.

3.3. The Mediation Effect of Self-Efficacy

As shown in Tables 3 and 4, place attachment was positively associated with disaster
preparedness and self-efficacy. Meanwhile, self-efficacy was also significantly associated
with disaster preparedness, which means the mediating effect of self-efficacy was confirmed
between place attachment and all types of preparedness.
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Table 4. Test of mediating role of self-efficacy between place attachment and preparedness.

Variables Overall Overall Material Material Behavior Behavior Awareness Awareness Self-Efficacy

Placeatt
achment

0.42 *** 0.16 *** 0.17 *** 0.11 *** 0.15 ***
(0.09) (0.05) (0.04) (0.04) (0.03)

Self-efficacy 0.58 *** 0.21 *** 0.14 *** 0.23 ***
(0.08) (0.04) (0.03) (0.03)

N 1835 1834 1848 1846 1844 1844 1839 1836 1842
R2 0.17 0.18 0.06 0.06 0.16 0.16 0.14 0.16 0.05

Note: Due to the page limitation, the results of the controlled variables were not reported here but are included in Table S1; standard errors
in parentheses; *** p < 0.01.

We employed the Sobel Goodman test to test the mediating effects of self-efficacy
between place attachment and disaster preparedness. We estimated 2000 bootstrap samples
in which the independent variable was place attachment, the mediator was self-efficacy,
and the dependent variables were emergency preparedness. We also included control
variables as covariates in the model. The results indicated that self-efficacy partially medi-
ated the relationship between place attachment and overall disaster preparedness (indirect
effect = 0.08; 95% CI: [0.05, 0.11]; direct effect = 0.34, 95% CI: [0.17, 0.51]). Specifically,
(1) in the regression of the overall preparedness (dependent variable) and the place attach-
ment (independent variable), the coefficient of place attachment was significant (β = 0.42,
p < 0.01). (2) In the regression of self-efficacy (mediator) and the place attachment (inde-
pendent variable), the coefficient of place attachment was significant (β = 0.15, p < 0.01).
(3) In the regression of the overall preparedness (dependent variable) and self-efficacy
(independent variable), the coefficient of mediator was significant (β = 0.53, p < 0.01).

Similarly, we tested the mediating roles of self-efficacy between place attachment and
the three types of preparedness—the material preparedness, behavioral preparedness and
awareness preparedness, respectively. The results demonstrated that self-efficacy partially
mediated the relationship between place attachment and material preparedness (indirect
effect = 0.03; 95% CI: [0.01, 0.04]; direct effect = 0.13, 95% CI: [0.03, 0.22]), behavior pre-
paredness (indirect effect = 0.02; 95% CI: [0.01, 0.03]; direct effect = 0.15, 95% CI: [0.07, 0.22]),
awareness preparedness (indirect effect = 0.03; 95% CI: [0.02, 0.05]; direct effect = 0.08, 95%
CI: [0.01, 0.15]). Three step test results of the mediating effects among material prepared-
ness, behavioral preparedness and awareness preparedness were shown in Tables 3 and 4.
Accordingly, Hypothesis 3 was supported and the effect for each individual path was
illustrated in Figure 3.

 Figure 3. The mediating effect of self-efficacy between place attachment and preparedness. Note: *** p < 0.01, ** p < 0.05.

4. Discussion

Using representative data from Shandong province, one area that had relatively fewer
occurrences of disasters but facing increasing threats of typhoon and flood recently, we
analyzed the correlations between place attachment and disaster preparedness, with an
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effort to examine the mediating role of self-efficacy. This paper has at least the following
notable contributions to the current knowledge.

Place attachment is not only positively correlated with the overall degree of disaster
preparedness but is also associated with the three dimensions of disaster preparedness,
namely the material preparedness, awareness preparedness, and behavioral preparedness,
as we assumed in H1. Such a positive correlation is consistent with the prior investigation
in India in the context of flood disasters [18], and China in the context of landslide [21],
as well as Australia in the context of a wildfire [26], but contradicted the findings from
Australia’s climate change adaptation [61]. One possible reason is that we did not use
the multidimensional measure of place attachment, and the varied dimensions of place
attachment, such as place identity, place dependence, neighborhood quality, and detach-
ment [62], may have different or even contradicting effects on preparedness. Emotional
attachment may increase people’s motivation to protect themselves and the community but
make them reluctant to evacuate during emergencies. The familiarity with a community
may also diminish people’s motivation to take action due to the over-confidence bias [63].

Our analysis also confirms that self-efficacy is positively correlated with disaster
preparedness, as most previous studies have demonstrated. Thus, hypothesis II was sup-
ported. Moreover, we found that self-efficacy mediated the correlations between place
attachment and disaster preparedness, and the path coefficients between place attach-
ment, self-efficacy, overall preparedness, material preparedness, awareness preparedness,
and behavior preparedness are statistically significant. Therefore, hypothesis III was also
confirmed. Self-efficacy is one of the most critical cognitive variables that link people’s
understanding of risk and the adoption of actual actions. Although some studies indicated
that self-efficacy exerted more influence on planning for preparedness than actual prepared-
ness behaviors [64], this analysis followed the same observations from Mumbai, Taiwan,
and Australia [29,34,65]. Besides, we are aware that scholars have proposed several types
of efficacies recently, such as the collective efficacy (how community or government can
handle the potential disasters effectively) [31,32] or the responsive/outcome efficacy (how
effective the actions adopted in disaster risk reduction are in reducing the impact from po-
tential disasters) [28–30]. This paper contributes to our understanding that self-efficacy can
directly promote disaster preparedness and play a mediation role between other variables,
such as place attachment in this study and the disaster preparedness behaviors.

Additionally, we found that people with a higher level of education and being a
CPC member adopted much more preparedness activities in this analysis. This finding
highlighted the potential targeted vulnerable group and the household with a lower
education level. It could be possible that the under-educated do not know the availability
of actions they can adopt to prepare for disasters. Our previous survey about participants’
preparedness activities revealed that the majority reason for not preparing for potential
disasters was that they were not aware of the existing preparedness activities. In contrast,
most of the CPC members are local officials or community leaders in China, and they
are usually expected to spearhead the “public desired” actions in the community. Not
surprisingly, this group has a more significant potential to access the disaster risk reduction
knowledge and resources, and thus, they have a much higher degree of preparedness
for disaster.

The findings of this paper have practical implications for disaster risk reduction
practice because it investigated the residents from an area with potential typhoons and
floods, but they have not had much disaster experience previously. Considering the
historical flood threats in this region and the increasing trend of typhoons and floods,
this paper highlighted the importance of place attachment and self-efficacy in promoting
disaster preparedness activities. Disaster risk reduction outreach programs and advocacies
should and could highlight the strong sense of community and also encourage and let the
public know their capacity of preparing for disasters, and thus, they can better prepare for
potential hazards in the age of uncertainties.
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This analysis has at least three limitations. Firstly, the inevitable limitation of the
cross-sectional survey in this investigation cannot really solve the causal relations between
the variables. Considering the increasing application of experiments, or experiment-
embedding in surveys, studies using these new and advanced techniques could be con-
ducted to produce more scientific conclusions in the future. Secondly, this analysis only
employed data from a province with relatively fewer occurrences of disasters in China, and
thus the overall generalization of this study might be needed. Thirdly, we only included
limited dimensions of place attachment and efficacy measures in this analysis; studies
including other dimensions of place attachment or types of efficacies such as the collective
efficacy and response efficacy [28–32] are needed.

5. Conclusions

This study investigated the associations between place attachment, self-efficacy, and
disaster preparedness, and we found that a stronger sense of place attachment predicts
higher degrees of all the three types of preparedness, namely the material preparedness,
behavioral preparedness, and awareness preparedness. Self-efficacy is also positively
correlated with all types of preparedness. Moreover, self-efficacy plays a mediating role
between place attachment and disaster preparedness. This study enriched the social
cognitive theory in the disaster contexts by investigating the complex relationships between
place attachment, self-efficacy and disaster preparedness. These findings highlight the
importance of promoting self-efficacy and place attachment in disaster risk reduction
advocacies and outreaches. Studies using the experimental method and covering more
dimensions of the place attachment and more types of efficacy are needed in future studies.
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and preparedness with control variables shown.

Author Contributions: Conceptualization, all; data collection and curation, L.L., S.Y.; methodology,
Z.W.; validation, Z.W., Z.H.; formal analysis, Z.W.; writing—original draft preparation, Z.W.; writing—
review and editing, S.Y., Z.H.; project administration, Z.W., S.Y.; funding acquisition, L.L., S.Y., Z.H.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the National Social Science Foundation of China (20ZD&160),
the National Natural Science Foundation of China (72042008), the Fundamental Research Funds
for the Central Universities, Shandong University (IFWF2023) and the Graduate Research Fund
of PSPA, Shandong University. The funding sources were not involved in the study design, data
collection, analysis, interpretation of data, writing of the report, or decision to submit the manuscript
for publication.

Institutional Review Board Statement: According to the statement of the Shandong General Social Survey.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: According to the data access policies, the data used to support the find-
ings of this study are available from the Institute of Governance, Shandong University. Reasonable
request for SGSS data is available through email: iog@sdu.edu.cn.

Acknowledgments: The authors would like to thank all the participants of the SGSS.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. United Nations Office for Disaster Risk Reduction (UNDRR) Preparedness. Available online: https://www.undrr.org/
terminology/preparedness (accessed on 1 February 2021).
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Abstract: The COVID-19 pandemic has been a tremendous global threat and challenge for human

beings, and individuals need to be prepared for the next wave of the outbreak, especially in the educa-

tional setting. Limited research has focused on individual knowledge, awareness, and preparedness

of COVID-19 in postsecondary institutions in the post-COVID-19 era so far. This study aimed to

explore whether students’ perceived anti-epidemic campus signals had effects on their awareness of

and preparedness for COVID-19. Leveraging the data collected from full-time college students in a

province located in East China and building a structural regression model, we found that students’

perceived anti-epidemic campus signals were significantly associated with their awareness of and

preparedness for COVID-19. With one perceived signal decrease, there were 0.099 unit and 0.051 unit

decreases in students’ awareness and preparedness, respectively. In addition, we indeed found

that female students had a higher awareness and better preparedness than their male peers. These

findings provided important implications for postsecondary administrators and policymakers, as

well as future research.

Keywords: COVID-19; campus signal; disaster preparedness; disaster awareness; structural regres-

sion model

1. Introduction

The COVID-19 pandemic has been a tremendous global threat and challenge for
human beings. According to the Coronavirus Resource Center at Johns Hopkins University,
to date, more than 172 million cases and 3.7 million deaths have been reported across
the world [1]. The strong infectiousness requires people to keep social distance, which
has challenged the education system [2]. All levels of educational institutions, such as
secondary schools and postsecondary institutions, were shut down temporarily and shifted
to online courses during the peak of the pandemic. With the massive efforts endowed by
governments and the people, COVID-19 in China has been effectively controlled, and the
education system has also returned to normal operation. However, since the pandemic is
still far from over, necessary preparations to prevent the infection and spread of the virus
are needed.

Previous research has found that physical school environments could significantly
affect student behavior [3,4]. For example, Johnson found that a positive school environ-
ment can increase perceived fairness and, thus, reduce school violence [5]. As such, college
students’ perception of the anti-epidemic tension released by universities may influence
their awareness of the pandemic. This is also partially consistent with Tkachuck et al.’s
view that students’ perceived university preparedness was positively associated with
disaster concern [6].
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In China, as the majority of college students live on campus, they are likely to observe
and experience campus changes, such as campus policy changes (e.g., social distance
policy and health code policy) and physical environment changes (e.g., separators on the
dining tables and banners in campus cafeterias). These are signals that deliver important
campus messages to students to inform them that something may happen. Especially at this
particular time, universities and colleges require students to stay on campus more, which
itself could be regarded as a signal that students still need to be aware of the pandemic.

The reality is, as China quickly enters the post-COVID-19 era, though the overall anti-
epidemic work is effective, there are still sporadic and recurrent outbreaks in some places,
which periodically alert the whole nation. Campus anti-epidemic policies and/or measures
are appropriately adjusted in terms of the actual national situation of the epidemic. When
the pandemic is well controlled, in general, campuses have loose anti-epidemic actions;
inversely, if the pandemic has signs of resurgence, campuses will immediately be put on
alert and take anti-epidemic actions. In this study, we refer to these kinds of anti-epidemic
actions as anti-epidemic campus signals that deliver messages to students to inform them
of the severity of the pandemic. These campus signals are likely to influence students’
preparation awareness of COVID-19. For instance, when a campus has strict anti-epidemic
policies, it may increase students’ preparation awareness. On the contrary, a campus with
undemanding anti-epidemic policies may decrease it.

This study seeks to better understand whether anti-epidemic campus signals affect
college students’ preparedness of COVID-19. This is crucial for research literature, as
well as having practical implications. Past studies only theoretically suggest how edu-
cational institutions prevent COVID-19 [2] and suggest recommendations for medical
students’ COVID-19 preparedness [7,8]. To our knowledge, there is no existing litera-
ture that analyzes the relationship between anti-epidemic campus signals and students’
COVID-19 preparedness. As a consequence, there is insufficient empirical evidence to
inform postsecondary administrators and policy makers of whether anti-epidemic campus
signals contribute to increasing students’ COVID-19 preparedness, even in a relatively safe
situation. Leveraging the data collected from the survey of College Students’ Epidemic
Preparedness in Post-COVID-19 Era (CSEPPCE), we examine the relationship between
campus signals and college students’ preparedness with structural equation models.

2. Literature Review

2.1. Research on Knowledge, Awareness, and Preparedness in Disaster Management

Researchers have documented how preparedness is important for disaster manage-
ment [9]. Experiences from past disasters affirm that pre-disaster preparedness can effec-
tively reduce the loss brought by disasters and shorten milling processes. For example,
the 1994 Northridge quake in Southern California that quickly reached a stable condition
largely relied on residents’ being well-informed about earthquake preparedness [10]. In
fact, better grasping the knowledge of disasters, such as what the disaster is and what the
mechanism of the disaster is, and having a stronger awareness of disasters, such as the
perception of risk, contribute to better preparedness.

The existing research has found that disaster knowledge and awareness of disasters
are strongly associated with disaster preparedness [11–14]. Yu et al. applied a moderated
mediation model using data collected from 1080 villagers in Shanxi province and found that
the positive relationship between villagers’ disaster preparedness and communication with
local officials was mediated by their disaster knowledge [11]. Using residents’ data from
the hazard-threatened areas located in the Three Gorges Reservoir area and conducting
regression models, Xu et al. found that residents with higher risk perception were more
likely to adopt preparedness for a sudden landslide [15].

Specifically, in the circumstance of our study, COVID-19, we hypothesized the following:

Hypothesis 1. Students who have better knowledge of COVID-19 will be better prepared.
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Hypothesis 2. Students with higher awareness of COVID-19 will be better prepared.

Comprehensively understanding disaster risks, one of the categories of disaster knowl-
edge [16], ought to increase individuals’ awareness. The relationship between disaster
knowledge and awareness has also been investigated in the prior literature. Interviewing
50 secondary students, Pinar suggested that disaster education that contributes to students’
knowledge of the disaster needs to be carried out by different stakeholders in order to raise
their awareness [17]. Furthermore, some literature [18–20] has focused on disaster educa-
tion programs and/or training, which can increase students’ knowledge of disasters, to
examine whether disaster knowledge is associated with awareness. For instance, Ozkazanc
and Yuksel found that students who received disaster training have a significantly higher
awareness of disasters [20].

Specifically, in the circumstance of our study, COVID-19, we hypothesized the following:

Hypothesis 3. Students who have a better knowledge of COVID-19 will have a higher awareness
of COVID-19.

In addition, disaster knowledge, awareness, and preparedness may also vary among
different groups of the population. Eisenman et al. illustrated that Latinos were at a rel-
atively lower level of disaster knowledge and preparedness [21]. Elliott and Pais found
that Blacks were more likely to be evacuated after the storm, rather than before the storm,
compared to similar Whites [22], indicating that Blacks may have a lower risk perception
or awareness. According to these findings, it seems that socially underrepresented groups
have a lower disaster knowledge, awareness, and preparedness. Kohn et al. reviewed
36 studies and found that different groups of the population had different disaster pre-
paredness [12]. Cvetković et al. found that men perceived greater preparedness at both the
individual and household level after the flooding [23].

Specifically, in the circumstance of our study, COVID-19, we hypothesized the following:

Hypothesis 4. Male students have a higher awareness of COVID-19 and are more likely to be
better prepared than their female peers.

Hypothesis 5. Han students, as the socially dominant group in China, have a higher awareness of
COVID-19 and are more likely to be better prepared than their peers of other ethnicities.

Guided by the above literature, our study examines whether the relationships be-
tween knowledge and preparedness, between awareness and preparedness, and between
knowledge and awareness also apply to college students at this particular moment in the
post-COVID-19 era. Additionally, we investigated whether there are variations between
different gender groups and ethnicity groups. This study is extremely important because
gatherings in postsecondary institutions may accelerate the spread of COVID-19, and
better understanding the factors that influence students’ preparedness for COVID-19 is
crucial. Considering COVID-19 is a type of disaster, we expected a similar pattern in these
relationships compared to other types of disaster, such as landslides and earthquakes.

2.2. Research on Signals, Awareness, and Preparedness in Disaster Management

Studies exploring the effect of signals on individuals’ awareness and preparedness
are relatively scarce. The majority of this research has focused on warning signals and has
aimed to analyze the influence of such signals on individuals’ awareness and prepared-
ness [24–26]. These warning signals delivered to the public through media contribute
to people’s perception of disaster risks and preparedness [26]. Currently, generally, if a
disaster can be detected, warning signals will be provided by authorities before the disaster.
However, unlike other disasters, COVID-19 outbreaks cannot be precisely predicted. A bet-
ter approach is to increase risk perception and regular anti-epidemic preparedness [27]. In
an extreme scenario, if authorities enforce the public to adopt anti-epidemic measures, such
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as wearing masks, the public may increase in COVID-19 awareness and make adequate
preparations.

From a business management perspective, Bazerman and Hoffman elaborated that
individuals can be affected by their perceptions of the environment of the organizations to
which they belong [28]. Similarly, in an education setting, college students in postsecondary
education may perceive the anti-epidemic campus context, and their awareness and pre-
paredness of COVID-19 may be influenced. Little was known as to whether anti-epidemic
measures taken by campuses would influence students’ awareness and preparedness for
the next potential wave of the outbreak. The anti-epidemic measures required by campuses
have changed in terms of COVID-19, and this provides a unique opportunity to investigate
whether the anti-epidemic campus signals influence students’ awareness and preparedness
of COVID-19. Thus, we hypothesized the following:

Hypothesis 6. A perceived reduction in anti-epidemic campus signals will decrease their awareness
of COVID-19.

Hypothesis 7. A perceived reduction in anti-epidemic campus signals will weaken their preparedness.

Filling the gaps in the literature, the purpose of our study is to evaluate the impact of
anti-epidemic campus signals on students’ preparedness of COVID-19, and to examine the
relationships among knowledge, awareness, and preparedness in the COVID-19 pandemic
in an educational setting. In other words, we seek to test the aforementioned hypotheses.

3. Methods

3.1. Data Sources and Participants

Guided by Ikhlaq et al. [29] and Ahmed et al. [30], we carefully designed the survey,
entitled College Students’ Epidemic Preparedness in Post-COVID-19 Era, which was randomly
distributed to full-time college students in a province located on the east coast of China.
The questionnaires mainly focused on students’ knowledge, awareness, and preparedness
of COVID-19, as well as the anti-epidemic campus signals they perceived. Several items
were designed to measure students’ knowledge, awareness, and preparedness to more
precisely represent these complex and multifaceted variables (see details in Table 1).

The survey was distributed to 1600 full-time college students from 13 postsecondary
institutions on May 2021 via WJX.CN, a platform that enables individuals to design surveys
and then share survey links to intended participants. We recruited faculties from these
postsecondary institutions to help us to share the survey link. The final response rate was
91.88%, yielding a sample of 1470. There were only a few responses to certain survey
items missing, so we applied a listwise deletion technique to deal with such missingness,
yielding a final analytic sample of 1464. Among them, 690 (47.13%) students were female,
and 774 (52.87%) were male. In terms of ethnicity, 1372 (93.72%) were Han, and 92 (6.28%)
were of other ethnicities.

3.2. Measures

3.2.1. Endogenous Variables

In our model, one endogenous variable, students’ preparedness for COVID-19 in the
current period, was measured by three survey items; that is, “will you wear a surgical mask
when going outside?”, “will you use hand sanitizer?”, and “will you keep social distance
when you are in public?”. They were all constructed on a five-point Likert scale with
1 = “Never” and 5 = “Always”. The mean of each item was 2.21, 2.24, and 2.23, respectively,
which ranged between “Sometimes” and “Neutral” (see Table 2).

Another was students’ awareness of COVID-19, which was measured by seven items
on a five-point Likert scale in the survey. However, after the initial check of correlations
among these items, four items with low correlations were dropped from the analysis.
The remaining three items were “how often will you talk about COVID-19 with your
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classmates”, “how often will you talk about COVID-19 with your friends”, and “how
often will you talk about COVID-19 with your family”, where means = 2.37, 2.26, and 2.29,
respectively.

Table 1. Description of variables.

Variable Variable Description Variable Type

Endogenous variable

Awareness

Talk about COVID-19 with your classmates and/or
roommates

Categorical Variable

Talk about COVID-19 with your friends Categorical Variable
Talk about COVID-19 with your family Categorical Variable

Items were measured by a 5-point Likert scales with
5 = Always, 1 = Never

Preparedness

Wear surgical mask when going to class, attending
school activities, etc.

Categorical Variable

The frequency of using hand sanitizer Categorical Variable
Keep social distance when in public places Categorical Variable

Items were measured by a 5-point Likert scales with
5 = Always, 1 = Never

Exogenous variable

Perceived campus signals
Students’ perceived changes in anti-epidemic campus

signals at the peak of the pandemic and
post-COVID-19 era

Continuous Variable

Knowledge

You know about the symptoms of COVID-19 Categorical Variable
You know about how COVID-19 is spread Categorical Variable

You know about the anti-epidemic measures of
COVID-19

Categorical Variable

You know about the differences between COVID-19 and
other pandemics

Categorical Variable

Items were measured by a 5-point Likert scales with
5 = extremely familiar, 1 = Not at all familiar

Control variable

Male Whether a student is male or not (1 = Yes, 0 = No) Dichotomous Variable

Han
Whether a student’s ethnicity is Han or not (1 = Yes,

0 = No)
Dichotomous Variable

3.2.2. Exogenous Variables

The perceived change of anti-epidemic campus signals was measured by students’
perceived anti-epidemic campus signals in the peak of the outbreak minus students’ per-
ceived anti-epidemic campus signals in the current stage. When designing the survey, we
carefully checked with recruited faculties on the anti-epidemic campus signals that their
own institutions had and selected representative signals that closely related to students’
daily life to ensure that surveyed students would easily recognize these signals. These
included separators on the dining table, anti-epidemic banners, hand sanitizer in public
areas, strict leaving school management, social distancing during classes, the integration of
online and face-to-face classes, social distancing in public areas, and school health codes.
Different campuses have different anti-epidemic measures, so students from different
campuses may experience different anti-epidemic signals. Even on the same campus, the
anti-epidemic tension perceived by students may be different. Thus, it is reasonable to use
students’ perceived change of anti-epidemic campus signals to represent the perceived anti-
epidemic tension on campus. Table 2 shows that the mean of students’ perceived change
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of anti-epidemic campus signals was 2.76, indicating that students did feel that campus
anti-epidemic measures were suspended in the post-COVID-19 area when compared to the
peak of the outbreak.

Students’ knowledge of COVID-19, as another exogenous variable, comprised four
survey items, also on a five-point Likert scale. We asked: “whether you know about the
symptoms of COVID-19”, “whether you know how COVID-19 is spread”, “whether you
know the anti-epidemic measures of COVID-19”, and “whether you know the differences
between COVID-19 and other pandemics such as SARS”, with 1 = “Not at all familiar” and
5 = “Extremely familiar”. The mean of each item was 2.93, 3.07, 3.16, and 2.66, respectively.

Table 2. Descriptive statistics of variables.

Analytic Sample (n = 1464)

Variables Mean SD Min Max

Campus Signals

Perceived campus signals 2.76 1.99 −2 7
Demographic Characteristics

Male 0.53 0.50 0 1
Female 0.47 0.50 0 1

Han 0.94 0.24 0 1
Others 0.06 0.24 0 1

Knowledge of COVID-19

Know about COVID-19 2.93 0.92 1 5
Know how COVID-19 is spread 3.07 0.93 1 5
Know anti-epidemic measures 3.16 0.91 1 5

Know differences 2.66 1.00 1 5
Awareness of COVID-19

Talk about COVID-19 with classmates 2.37 0.80 1 5
Talk about COVID-19 with friends 2.26 0.75 1 5
Talk about COVID-19 with family 2.29 0.77 1 5
Preparedness of COVID-19

Surgical mask 2.21 0.92 1 5
Hand sanitizer 2.24 0.95 1 5
Social distance 2.23 0.87 1 5

3.3. Analytic Plan

First, descriptive statistics were provided as in Table 2 to display the basic information
about variables, using Stata 16. Second, correlations between each variable were analyzed
to help us select appropriate survey items to measure our latent variables (i.e., knowledge,
awareness, and preparedness).

Third, we adopted a two-step approach, suggested by Anderson and Gerbing [31],
to assess the fitness of our full structural regression model using Mplus 8 [32]. In the first
step, the measurement model was evaluated to assess its adequacy. Applying a diagonally
weighted least squares estimator with mean and variance adjusted (WLSMV) based on the
polychoric correlation matrix [33], we conducted step-wise measurement model compar-
isons until the final measurement model was adequate, judging by model fit indices such
as the root mean square error of approximation (RMSEA), the standardized root means
square residual (SRMR), the comparative fit index (CFI), and the Tucker–Lewis fit index
(TLI). In addition to these indices, we also performed a chi-square (χ2) different test to
compare which model was a better fit and then proceeded to the second step. In the second
step, we evaluated the adequacy of structural components by comparing the fitness of the
structural model to the fitness of the final measurement model until it was adequate. The
major relationships that were tested were: (1) the perceived change in campus signals and
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awareness, (2) the perceived change in campus signals and preparedness, (3) knowledge
and preparedness, (4) knowledge and awareness, and (5) awareness and preparedness.

Fourth, in order to understand whether students’ demographic characteristics, such
as gender and ethnicity, would also influence students’ preparedness of COVID-19, we
further set gender and ethnicity as control variables in the final structural regression model.

4. Results

4.1. Correlation Results

Table 3 showed the correlations among survey items. Among them, Items 2–5 demon-
strated high correlations with a range from 0.69 to 0.87. The correlations among Items
6–8 were from 0.81 to 0.87, and Items 9–10 were from 0.56 to 0.61. These relatively high
polychoric correlations provided evidence for us to use these survey items to measure our
latent factors: knowledge, awareness, and preparedness, respectively.

Table 3. Correlations between variables for analysis of a structural regression model.

Variables 1 2 3 4 5 6 7 8 9 10 11

Campus Signals

1. Perceived campus signals 1.00
Knowledge of COVID-19

2. Know about COVID-19 −0.01 1.00
3. Know how COVID-19 is spread 0.01 0.84 1.00
4. Know anti-epidemic measures 0.00 0.79 0.87 1.00

5. Know differences −0.07 0.73 0.73 0.69 1.00
Awareness of COVID-19

6. Talk about COVID-19 with classmates −0.16 0.25 0.20 0.22 0.20 1.00
7. Talk about COVID-19 with friends −0.22 0.22 0.16 0.19 0.21 0.87 1.00
8. Talk about COVID-19 with family −0.20 0.24 0.18 0.21 0.20 0.81 0.83 1.00

Preparedness of COVID-19

9. Surgical mask −0.18 0.22 0.19 0.18 0.31 0.34 0.36 0.34 1.00
10. Hand sanitizer −0.14 0.26 0.24 0.28 0.35 0.32 0.37 0.37 0.58 1.00
11. Social distance −0.19 0.27 0.23 0.25 0.36 0.30 0.38 0.36 0.56 0.61 1.00

NOTE: The correlations among Variables 2–11 are polychoric correlations due to the nature of ordinal variables.

4.2. Two-Step Approach Results

4.2.1. Measurement Model Results

Following Anderson and Gerbing’s two-step approach [31], we then tested the mea-
surement model associated with our full structural model, denoted as the initial model
in Table 4. According to the cutoff values of the model fit indices recommended by Hu
and Bentler [34], the initial model demonstrated a reasonable fit with χ2 (42) = 444.86,
CFI = 0.990, TLI = 0.988, RMSEA = 0.081, and SRMR = 0.051. The model modification in-
dices provided by Mplus software suggested correlations between errors of certain survey
items. Upon the consideration of the real meaning of survey items, knowing how COVID-
19 is spread helps to know anti-epidemic measures, we applied a step-wise measurement
model comparison procedure by adding the correlated error between Items 3 and 4 into
our first adjusted measurement model, yielding a better model fit with χ2 (41) = 403.14,
CFI = 0.991, TLI = 0.989, RMSEA = 0.078, and SRMR = 0.050. Considering that students
who are well informed about COVID-19 may know the differences between COVID-19
and other pandemics, we then added the correlated error between Items 2 and 5 into the
first adjusted measurement model, yielding an even better model fit with χ2 (40) = 374.37,
CFI = 0.992, TLI = 0.989, RMSEA = 0.076, and SRMR = 0.048.

To further affirm which model was statistically better, we conducted a chi-square
difference test between the initial model and the adjusted models. We found that in the
third model with the correlated errors of Items 3 and 4 and Items 2 and 5, compared to the
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initial model, the chi-square difference was ∆χ2 = 70.49, p < 0.01, indicating that the third
model outperforms the initial model.

Table 4. A step-wise measurement model comparison procedure and an evaluation of the structural part of the SR model.

Model CFI TLI RMSEA SRMR χ
2 df ∆χ

2
∆df

Measurement models

1. Initial model 0.990 0.988 0.081 0.051 444.86 42

2.
Spreading mechanisms with

anti-epidemic measures
0.991 0.989 0.078 0.050 403.14 41 41.72 * 1

3. COVID-19 with Differences 0.992 0.989 0.076 0.048 374.37 40 70.49 * 2
Structural part of the model

4. Full structural model 0.998 0.997 0.038 0.022 119.67 38 254.7 * 2

NOTE: * p < 0.01. CFI = comparative fit index; TLI = non-normed fit index; RMSEA = root mean square error of approximation; SRMR =
standardized root means square residual.

4.2.2. Structural Model Results

After we were satisfied with our adjusted measurement model, we evaluated the
structural part of the full structural regression model. The full structural model yielded
a good model fit with χ2 (38) = 119.67, CFI = 0.998, TLI = 0.997, RMSEA = 0.038, and
SRMR = 0.022. To assess the fit of the structural part of the model, we also conducted a
chi-square difference test and obtained ∆χ2 = 254.7, p < 0.01 (See Table 4), indicating that
the structural part of the model was adequate.

We acquired our final full structural regression model, as presented in Figure 1.
Figure 1 shows that the standardized factor loadings for students’ knowledge of COVID-19
ranged from 0.819 to 1.013. Jöreskog pointed out that standardized factor loadings can
exceed 1.00 and do not necessarily imply a wrong result [35]. The ranges of standardized
factor loadings were from 0.880 to 0.947 and from 0.722 to 0.792, respectively, for students’
awareness of COVID-19 and students’ preparedness for COVID-19. These relatively high
factor loadings suggested that three latent factors were well explained by the respective
survey items. For example, for the item “know how COVID-19 is spread”, the correspond-
ing r square value was 0.671, meaning that 67.1% of the variance in “know how COVID-19
is spread” was explained by students’ knowledge of COVID-19.

Looking at the paths in the structural regression model, we found that one unit in-
creasing in students’ knowledge of COVID-19 was associated with a 0.210 unit increase in
students’ preparedness for COVID-19. Thus, Hypothesis 1 was accepted. We also found
that students’ awareness of COVID-19 was positively and significantly associated with their
preparedness (β = 0.310, p < 0.001), which supported Hypothesis 2. Furthermore, the rela-
tionship between students’ knowledge and preparedness was also positively statistically
significant (β = 0.232, p < 0.001); therefore, Hypothesis 3 was accepted.

Focusing on our primary interest of variables, students’ perceived anti-epidemic
campus signals, we found that when students perceived that an anti-epidemic campus
signal was decreasing, there was a 0.099 decrease in their awareness of COVID-19, which
proves Hypothesis 6. Not surprisingly, a signal perceived as decreasing by students was
associated with a 0.051 decrease in their preparedness. Thus, Hypothesis 7 was supported.

4.3. Structural Regression Model with Controls

As shown in Table 5, when controlling gender and ethnicity in the structural regres-
sion model, the model fit indices indicated a good fit, with χ2 (51) = 205.33, CFI = 0.997,
TLI = 0.995, RMSEA = 0.045, and SRMR = 0.021. Compared with the model without gender
and ethnicity controls (Model 1), the path coefficients of the model with controls (Model 2)
remained statistically significant and in the same directions. Focusing on gender, male
students had a lower awareness (β = −0.163, p < 0.01) and preparedness (β = −0.113,
p < 0.01) of COVID-19 than their female peers. No evidence was found that students’ eth-
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nicities would contribute to their awareness and preparedness. Therefore, both Hypotheses
4 and 5 were rejected.

β

β

Figure 1. Final full structural regression model of students’ perceived anti-epidemic campus signals on their COVID-19
preparedness. Note: The factor loadings were reported by using standardized results, while the path coefficients were
reported by using unstandardized results for an easier interpretation; standard errors are in parentheses.

Table 5. Full structural regression model of students’ perceived anti-epidemic campus signals on their COVID-19 prepared-
ness with control variables.

Model 1 Model 2

Paths β SE β SE

Paths to Preparedness

1. Knowledge → Preparedness 0.210 *** 0.022 0.210 *** 0.022
2. Perceived signals → Preparedness −0.051 *** 0.010 − 0.048 *** 0.010

3. Awareness → Preparedness 0.310 *** 0.021 0.312 *** 0.022
Paths to Awareness

4. Knowledge → Awareness 0.232 *** 0.026 0.229 *** 0.026
5. Perceived signals → Awareness −0.099 *** 0.013 −0.093 *** 0.012

Controls

6. Male → Preparedness −0.113 ** 0.038
7. Male → Awareness −0.163 ** 0.050

8. Han → Preparedness 0.048 0.070
9. Han → Awareness 0.165 0.097
Model fit indices

CFI 0.998 0.997
TLI 0.997 0.995

RMSEA 0.038 0.045
SRMR 0.022 0.021

NOTE: ** p < 0.01, *** p < 0.001. CFI = comparative fit index; TLI = non-normed fit index; RMSEA = root mean square error of approximation;
SRMR = standardized root means square residual.
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5. Discussions

Building upon the previous literature, this study utilized the survey data to investi-
gate how anti-epidemic campus signals affect students’ preparedness for the COVID-19
pandemic. Signals have been found to make individuals aware of risks before and/or
after disasters [26,36]. In an educational setting, we indeed found that these signals could
increase students’ awareness and contribute to a better preparedness for COVID-19. In
addition to this, we also found that students who had more knowledge of COVID-19 were
more likely to have a higher awareness and declare better preparedness. In addition, we
found that students with a higher awareness were more likely to have better prepared-
ness. Notably, gender was observed to have an influence on students’ awareness and
preparedness, while ethnicity was not.

Cahapay believed that preparedness for COVID-19 is a priority of education in the
post-COVID-19 era [37]. Exploring the factors that influence students’ preparedness of
COVID-19 is crucial. Our findings showed that students’ knowledge and awareness
all statistically significantly predict their preparedness. These findings are consistent
with Nindrea et al. [38], showing that breast cancer patients’ COVID-19 knowledge and
awareness were significantly associated with their preparedness. With respect to anti-
epidemic campus signals, to our knowledge, no study has focused on this. However,
Peng et al. demonstrated that the national anti-epidemic measures effectively help to
reduce the reported number of confirmed cases [39], which helps to show that individuals
are prepared for COVID-19, partially due to the perceived severities of the pandemic,
which is a result of the nation’s response to the pandemic. As such, if postsecondary
institutions implement strict anti-epidemic measures on campuses, students may have a
stronger awareness of COVID-19 and make better preparations. This is supported by our
structural regression model.

With respect to the demographic characteristics’ influence, past studies have found
that gender and race/ethnicity have impacts on disaster management [40]. For example,
Teo found that there were significant variations in disaster preparedness among different
ethnicity groups [41]. Cvetković et al. found that men were more prepared than women in
flooding events [23]. Although these results are not consistent with our findings, it may be
due to the different types of disasters. It is possible that men feel that they are physically
stronger and, thus, are more prepared for flooding, while they are less prepared for the
pandemic because they may think that if they are infected, they will not get sick. This
may be partly why we found that women were more prepared than men in the COVID-
19 pandemic. Our finding that there is no impact of ethnicity on COVID-19 awareness
and preparedness may be due to the small sample size and that the majority of students
were Han.

The findings of this study contribute to the literature and have practical implications.
This study is probably the first to look at the effects of anti-epidemic campus signals on stu-
dents’ COVID-19 awareness and preparedness. This study shows how postsecondary insti-
tutions’ actions can influence students’ awareness and preparedness in the post-COVID-19
era. In addition, it provides further empirical evidence that COVID-19 knowledge can
contribute to both awareness and preparedness, and awareness can influence preparedness.
Based on these results, we recommend that postsecondary administrators focus on building
a tense anti-epidemic atmosphere by establishing more anti-epidemic measures. Students
living on campuses without strict anti-epidemic measures may fail to prepare for COVID-
19. Once a student is infected, the virus is likely to spread quickly due to the gatherings
that occur in campus settings. Thus, it is crucial to increase students’ risk perceptions of
the pandemic and to be better prepared for future pandemics. Better preparation helps to
avoid the kind of losses that occurred at the beginning of 2020. Notably, the findings could
also inform policymakers of how to make policy decisions at both the institutional and
individual level to better prepare for future pandemics.

The structured questionnaires were carefully designed, and the effect of anti-epidemic
campus signals on students’ COVID-19 preparedness was comprehensively examined, but
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this study still has the following limitations. First, there are still unobserved variables,
such as the whole nation’s anti-epidemic measures, which are also likely to influence the
public’s preparedness but cannot be directly measured. These unobserved variables are
likely to influence the model results but were inevitably tested. Second, psychological
variables are very complex, and the study could consider more survey items from multiple
aspects. Though we designed our questionnaires comprehensively, it is still possible that
other survey items could measure certain latent factor. Third, this study could not draw
causal relations between anti-epidemic campus signals and students’ preparedness because
it is not a fully experimental design. It is still valuable for postsecondary administrators
and policymakers to consider that this relationship indeed exists and that corresponding
actions can, thus, be taken.

6. Conclusions

Preventing the transmission of COVID-19 is important for education [42]. This study
sought to understand the effects of anti-epidemic campus signals on students’ COVID-19
preparedness. The results showed positive and significant relationships among these
signals, awareness, and preparedness. In addition, we found that students’ COVID-19
knowledge can significantly predict their awareness and preparedness, and awareness has
a positive association with preparedness. Notably, gender had an influence on students’
COVID-19 awareness and preparedness, while ethnicity did not. These findings provide
valuable information for postsecondary administrators and policymakers to prepare for
future pandemics.
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Abstract: The carrying capacity of water resources is of great significance to economic and social

development, eco-environmental protection, and public health. The per capita water resources in

Zhejiang Province is only 2280.8 m3, which is more likely to cause the risk of water resources carrying

capacity in the case of water shortage. Therefore, this paper applies Analytic Hierarchy Process-Fuzzy

Comprehensive Evaluation and Entropy-Principal Component Analysis to evaluate the vulnerability

of disaster-bearers and the risk of disaster-causing factors; it comprehensively evaluates the risk of

water resources carrying capacity in Zhejiang Province by constructing risk matrix and ranking scores.

The specific results are as follows: According to the comprehensive evaluation of the vulnerability of

disaster-bearers in Zhejiang Province from the three aspects of supporting force, regulating force, and

pressure, the overall performance was good. In particular, the role of supporting force is the most

obvious. In the risk of disaster factors, it was found that industrial structure, climate change, water

use efficiency, and population structure have great influence, showing that southern Zhejiang is at a

greater risk than northern Zhejiang, and western Zhejiang is at a greater risk than eastern Zhejiang,

but the overall score gap is not large. Combining the two results, the order of water resources carrying

risk in Zhejiang Province from low to high was Hangzhou, Ningbo, Shaoxing, Jiaxing, Huzhou,

Jinhua, Quzhou, Wenzhou, Lishui, Taizhou, and Zhoushan. Finally, according to the development

planning of different cities, the coping behaviors of the government and the public regarding water

resources carrying risk are put forward.

Keywords: water resources carrying risk; vulnerability of disaster-bearers; hazard of disaster-causing

factors; coping behaviors

1. Introduction

The epidemic situation of COVID-19 swept across the world in 2020. In recent years,
the number of occurrences and losses caused by both public health events and natural
disasters is on the rise [1]. Therefore, the research on public health events, risk assessment
of natural disasters, risk management, and other related fields is becoming increasingly
intense. China is one of the countries most affected by natural disasters in the world. In
order to alleviate the possible impact of disasters and seek the harmonious development
of man and nature, it is imperative to carry out natural disaster risk research in China.
In 1981, Timmerman formally put forward the concept of vulnerability and applied it
to disaster risk assessment [2]. Since then, in the international mainstream research on
natural disasters and risks, some scholars have been keen to carry out disaster risk from
three aspects: the hazards of disaster-causing factors, the exposure to the disaster-prone
environment, and the vulnerability of the disaster-bearers. Additionally, in some studies,
exposure to the disaster-prone environment and the vulnerability of the disaster-bearers
are summarized as the vulnerability of the disaster-bearing body, and it is pointed out
that risk assessment is the basis of risk analysis. As a special natural resource, the lack of
effective safety management of water resources leads to many problems, such as flood,
drought, water pollution, and water shortage [3]. Furthermore, water resources security
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risk assessment is an important basis for water resources risk management. China is a
water-deficient country, so it is of certain significance to assess the disaster risk caused by
water security.

On this basis, scholars have conducted a risk assessment on floods, droughts, water
pollution, and water shortage, and have carried out an in-depth study on the factors affect-
ing disaster risk. Most scholars have carried out research on the hazards and vulnerability
caused by disasters. Yu pointed out that vulnerability can be defined as the ability of a
region to respond to and resist the effects of natural disasters, while risk can be defined as
the possibility of natural or man-made physical events, which can show the occurrence
of disaster risks in different ways [4]. As far as flood disasters are concerned, Lian took
rainfall and tide level as the disaster-causing factors to evaluate the flood and waterlogging
risk of coastal cities and found that rainstorms are the main disaster-causing factor in
inland areas, and high tide level is the main disaster-causing factor in island areas [5].
Wang assessed the risk of agricultural flooding and waterlogging disasters in Jilin Province
and constructed a rainstorm flood risk assessment index system using four aspects: the
harmfulness of disaster-causing factors, the sensitivity of disaster-prone environment,
the vulnerability of disaster-affected subjects, and the ability of disaster prevention and
reduction; it was also pointed out that extreme precipitation events were the main cause
of flood disaster [6]. Bouaakkaz assessed the flood disaster in Susi Basin and found that
population size, land abuse, overdevelopment, and other factors rapidly aggravated the
vulnerability and susceptibility of flood disasters in this area [7]. Lv constructed a compre-
hensive evaluation index system of urban flood-bearing risk based on the vulnerability of
flood-bearing capacity and the vulnerability of disaster prevention and mitigation capacity
to study the flood-bearing risk of Zhengzhou and considered that the rapid development
of urbanization is the main reason for the increased risk of urban flood and waterlogging
disasters [8]. Agrawal studied the relationship between flood risk and resilience in terms
of exposure, susceptibility, and lack of coping capacity [9]. Chen studied the mountain
torrents in the Guanshan River Basin and found that with the development of the economy
and the migration of population, the risk of mountain torrents is increasing [10]. Based on
the conclusions drawn by most scholars, it can be found that the influencing factors that
cause or destroy the vulnerability of flooding and waterlogging mainly include geography,
nature, society, and human behavior, among which human behavior has a greater influence,
and the influence caused by a combination of many factors is more serious. For drought
disasters, many scholars also assess the risk of drought disasters in terms of hazards,
exposure, and vulnerability from different angles. Kim used hydrometeorological and
socio-economic data to assess the risk and vulnerability of drought and pointed out that
there are both high risk and high vulnerability in high-risk areas [11]. According to the
relationship between water use and supply, Wen constructed a set of assessment methods
for drought and water shortage risk from the three aspects of the disaster, exposure, and
vulnerability, indicating that drought conditions will put additional pressure on the water
supply system [12]. Ali believed that drought risk refers to potential disaster losses caused
by drought events, which was often described as a function of vulnerability, harmfulness,
and exposure, and assessed Africa at the national level, pointing out that controlling pop-
ulation growth has been found to be essential for mitigating drought risk in Africa (or
even more effective than mitigating climate change) because it improved socio-economic
vulnerability and reduced potential drought risk [13]. In summary, it can be seen that risk
assessment from two aspects of risk and vulnerability is a common starting point, which
has a longer history of use in the risk research of flood, drought, and other disasters in the
field of water resources. Therefore, it can be applied to the risk study of water resources
carrying capacity.

Water resources carrying risk is the concrete application of disaster risk theory in the
field of water resource carrying capacity [14]. The carrying capacity of water resources
was first put forward in the study of the development, utilization, and strategy of water
resources in China at the end of the 1980s. Jia defined the carrying capacity of water
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resources as the maximum supporting capacity of local water resources to the economic
development and maintenance of a good ecological environment in a region or river basin
under specific development stages and development models [15]. It covered all aspects
such as economy, society, resources, and ecological environment [16]. In recent years,
many scholars had studied the relationship between water resources carrying capacity
and water resources shortage risk [17,18], water resources ecological risk [19,20], water
resources security risk [21,22], water resources system risk [23,24], and so on, showing
that water resource carrying capacity is closely related to water resources risk. However,
as a complex system, the carrying capacity of water resources has the possibility of risk
generation. Therefore, based on the theory of disaster risk and the theory of carrying
capacity of resources and environment, this paper evaluates the risk of carrying capacity
of water resources from the hazards of disaster-causing factors and the vulnerability of
disaster-bearers.

The innovation of this paper is that the research on water resources carrying risk
in China is still in its infancy, and there is no empirical research on it on the basis of
theoretical research; secondly, this paper evaluates the vulnerability of disaster-bearers
and the hazards of disaster-causing factors, and then comprehensively obtains the specific
situation of water resources carrying risk in Zhejiang Province. The following chapters
are as follows: Section 1 is a research design, including concept explanation, index setting,
and model construction; Section 2 is a specific empirical analysis of the vulnerability of
disaster-bearers and hazards of disaster-causing factors; Section 3 includes conclusions,
recommendations, and deficiencies.

2. Research Design

Long defined the risk of water resources carrying capacity as the probability of water
resources overloading events under various uncertain situations, and considered that the
risk of water resources carrying capacity is closely related to and complementary to the
traditional evaluation of water resources carrying capacity, and the former is the extension
of the latter, the latter is the basis of the former [14]. From the point of view of disaster risk
assessment, the constituent elements of risk mainly include the disaster-causing factors
and the disaster-bearers; the regional disaster risk level is affected by the vulnerability of
the disaster-bearers and the hazards of disaster-causing factors. According to this, Long
summed up the theoretical model of water resources carrying risk, as shown in Figure 1.

Figure 1. Risk of water resources carrying capacity model.

83



Int. J. Environ. Res. Public Health 2021, 18, 7693

2.1. The Vulnerability of the Disaster-Bearers

2.1.1. Index Setting

As the research on water resources carrying capacity has become mature in China, and
as the basis of water resources carrying risk, academia has a set of relatively rigorous eval-
uation systems. Therefore, according to the existing mature research, we can summarize
a disaster-bearing subject vulnerability index system and its corresponding classification
criteria, as shown in Table 1.

Table 1. Index system and grade classification standard of the vulnerability of disaster-bearers.

First-Level Index Second-Level Index Type

Grading Standard

Grade I (Not
Vulnerable)

Grade II (A Little
Vulnerable)

Grade III
(Vulnerable)

Supporting force

C1 Per capita water resources (m3) P >1670 1000~1670 <1000
C2 Water production modulus (104 m3/km2) P >80 50~80 <50

C3 Per capita water supply (m3) P >450 350~450 <350
C4 Forest coverage (%) P >40 25~40 <25

Regulating force

C5 Development and utilization of water
resources (%)

P <40 40~70 >70

C6 Per capita GDP(Yuan) P >24840 6624~24840 <6624
C7 Ecological water consumption rate (%) P >5 1~5 <1

Pressure

C8 Per capita domestic water consumption (L) N <70 70~180 >180
C9 Water consumption of GDP (m3/104 Yuan) N <100 100~400 >400

C10 Water consumption of industrial added
value (m3/104 Yuan)

N <50 50~200 >200

C11 Population density (Person/km2) N <200 200~500 >500
C12 Urbanization rate (%) N <50 50~80 >80

C13 Farmland irrigation quota (m3/km2) N <250 250~400 >400

P means positive, N means negative. The calculating methods of each secondary index are shown in Table A1 of Appendix A.

2.1.2. Model Building

As the vulnerability of disaster-bearers has the characteristics of uncertainty and
ambiguity, on the basis of referring to the research of other scholars, this paper uses Analytic
Hierarchy Process- Fuzzy Comprehensive Evaluation model to evaluate the vulnerability
of disaster-bearers regarding water resource carrying risk in Zhejiang Province so as to
effectively reflect the results. The Fuzzy Comprehensive Evaluation model is constructed
as follows:

Suppose that the two finite field theories are:

U = {U1, U2, · · · , Un}, V = {V1, V2, · · · , Vn}

U represents a set of factors that affect the evaluation object, and V represents a set of
comments. B = A × E represents fuzzy comprehensive evaluation, A represents fuzzy subset
on U, A = {a1, a2, · · · , an}, 0 ≤ ai ≤ 1, ai represents the membership degree of Ui to A. It
not only represents the role of a single factor Ui in the evaluation factor but also represents
the ability of Ui evaluation grade to some extent. B = {b1, b2, · · · , bn}, 0 ≤ bj ≤ 1, B is the
result of the evaluation and is a fuzzy subset on Vj. The membership degree of grade Vj to
the fuzzy subset B obtained by comprehensive evaluation is bj. The evaluation matrix R is:

R =

∣

∣

∣

∣

∣

∣

∣

∣

∣

r11 r12 · · · r1n

r21 r22 · · · r2n
...

...
. . .

...
rn1 rn2 · · · rnn

∣

∣

∣

∣

∣

∣

∣

∣

∣

where rij represents the membership degree of Ui to grade Vj, ri = {ri1, ri2, · · · , rin} in-
dicates the results of the single factor evaluation of the i factor Ui. The comprehensive
evaluation is mainly based on the value of the quantitative evaluation set and the assign-
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ment of each grade membership degree in matrix B, and is calculated according to the
following formula:

a =

3
∑

i=1
bk

i ai

3
∑

i=1
bk

i

(1)

In Formula (1), the a value represents the comprehensive score of the vulnerability
of the disaster-bearers based on the fuzzy comprehensive evaluation result matrix B. The
rij, in the evaluation matrix R can be compared and analyzed by the actual value of the
evaluation factors and the grading index of each evaluation factor, and then the results
can be calculated. For grade II, that is, the middle part, the membership degree of the
middle point is 1, the membership degree of both edges is 0.5, and the membership
degree of the middle point to both sides decreases linearly; for grade I and grade III, the
farther away from the critical value, the greater the membership degree of both sides.
On the critical value, the membership degree of both sides is 0.5. In order to make the
membership function transition smoothly between different levels, it is necessary to fuzzify
the membership function. Here, I, II, and III are defined as V1, V2, and V3 respectively.

According to the above assumptions, the calculation formulas of membership func-
tions of each evaluation grade are established. The critical value between grade I and
II is expressed by k1, the critical value between grade II and III is expressed by K3, and
the midpoint value of grade II is expressed by k2, and k2 = (k1+k3)/2. The formula for
calculating the membership degree of each evaluation factor to the grade is as follows:
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Thus, the water resources disaster-bearers matrix Ri, in i City, Zhejiang Province
is obtained, and the evaluation value is determined by multiplying the weight matrix
obtained by the analytic hierarchy process with the water resources disaster body matrix
Ri. Finally, the risk matrix among the first-level indexes is constructed according to the
evaluation results, and the vulnerability risk matrix of the final disaster-bearers is formed
by pairwise combination.

2.1.3. The Concept and Composition of the Risk Matrix

At the end of the last century, the concept of a risk matrix was first put forward in the
United States, and it was initially used to solve risk management problems in the chemical
industry and various projects. Subsequently, the risk matrix became widely used in various
fields because of its simplicity and intuitive nature. In the risk matrix, the risk criteria
are often evaluated by consequences and possibility [25]. When using the risk matrix,
deviations can occur when people enter the data, which may lead to different results in the
assessment of the same risk [26], and the risk preference cannot be well embedded in the
risk matrix [27]. Baybutt believed that in risk management, many scholars use a risk matrix
to rate the risk of dangerous scenarios to determine the necessity of risk reduction [28]. An
evaluation risk matrix of water resource carrying capacity has been put forward by Jin, in
which the pressure, supporting force, and regulating force are regarded as the risk factors
affecting water resources carrying capacity [29].

In this paper, based on the risk matrix of water resources carrying capacity, the vul-
nerability risk matrix of disaster-bearers is further improved. As shown by Table 2, the
evaluation grades of row coordinates and column coordinates include grade III, grade II,
and grade I, which means vulnerable, a little vulnerable, and not vulnerable, respectively.
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In the disaster-bearers supporting-regulating force composite matrix, the row coordinates
represent the disaster-bearers regulating the force grade; then, the regulating force increases
step by step from the bottom to top, while the column coordinates represent the disaster
supporting force grade; then, the supporting force increases step by step from right to left, so
the other two composite matrices can be inferred. Due to the different evaluation areas and
the change of evaluation criteria, we can fully consider the role of disaster bearing and the
control of water resources to reasonably select the synthesis rules of the three risk matrices
to obtain the vulnerability evaluation level of disaster-bearing subjects. In this paper, the
synthesis rules of the risk matrix are determined comprehensively with reference to [29].

Table 2. Vulnerability risk matrix of disaster-bearers.

Regulating
Force

Supporting Force
Regulating

Force

Pressure
Pressure-

Regulating

Supporting-Regulating

Grade
I

Grade
II

Grade
III

Grade
I

Grade
II

Grade
III

Grade
I

Grade
II

Grade
III

Grade I I II II Grade I I II II Grade I I II II
Grade II I II III Grade II I II II Grade II I II III
Grade III I II III Grade III I II III Grade III II II III

The first four columns are disaster-bearers supporting-regulating force risk matrix; the middle four columns are disaster-bearers pressure-
regulating force risk matrix; the last four columns are disaster-bearers supporting-regulating force and pressure-regulating force risk matrix.

The composition rules of each risk matrix are as follows: for the disaster-bearers
supporting-regulating force composite matrix, when the supporting force is a grade I or II,
because of the high weight of the supporting force, the composite grade is the supporting
grade. When the disaster-bearers support force is grade III, the disaster-bearers regulating
force can play a better regulating role only when it is in grade I, so the composite grade can
be taken as grade II, and, under other conditions, the composite grade is the supporting
force grade. For the disaster-bearers pressure-regulating force synthetic matrix, when the
pressure is a grade I or II, the composite grade is the pressure grade because of the high
weight of the pressure; when the pressure is a grade III, at this time, the regulating force can
be adjusted when the regulating force is at grade I or II, so the composite grade can be taken
as grade II, and under other conditions, the composite grade is the grade of supporting
force. For the composite matrix of the disaster-bearers supporting-regulating force and the
disaster-bearers pressure-regulating force, when the grade of supporting-regulating force
is the same as that of pressure-regulating force, the composite grade is the same grade for
both of them. When the grade of the supporting-regulating force is higher than that of the
pressure-regulating force, and there is only a difference of one degree, the composite grade
is the disaster supporting-regulating force grade. If there is a difference between the two
grades, the composite grade will be reduced to a grade II due to the influence of pressure.
When the pressure-regulating force grade is II and the supporting-regulating force grade is
I, or the pressure-regulating force grade is III and the supporting-regulating force grade is
II, because of the higher weight of supporting-regulating force, the composite grade is the
pressure-regulating force grade. When the pressure-regulating force grade is grade III and
the supporting-regulating force grade is a grade I, the pressure-regulating force plays a
certain regulatory role, so the composite grade is grade II.

2.2. Hazard of Disaster-Causing Factors

2.2.1. Index Setting

According to the reference [14], the risk assessment index system of disaster-causing
factors is established in this paper, as shown in Table 3.
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Table 3. Index system of hazards of disaster-causing factors.

First-Level Index Second-Level Index Type

Climate change

X11 Average air temperature (◦C) N
X12 Average precipitation (mm) P

X13 Surface moisture index P
X14 Surface drought index N

X15 Total amount of water resources (108m3) P

Population structure

X21 Population density (person/km2) N
X22 Urbanization rate (%) N

X23 Registered population (104 person) N
X24 Natural population growth rate (%) N

X25 Proportion of urban built-up area (%) N

Industrial structure

X31GDP(108 Yuan) N
X32 GDP per capita (104 Yuan/person) N

X33 The growth rate of GDP(%) N
X34 Proportion of tertiary industry (%) N
X35 Proportion of primary industry (%) N

Water use efficiency

X41 Industrial water quota (104 m3/day) N
X42 Water consumption of GDP (m3/104 Yuan) N

X43 Farmland irrigation quota(m3/mu) N
X44 Development and utilization of water resources (%) N

X45 Domestic water quota (104 m3/day) N

P means positive, N means negative. The calculating methods of each secondary index are shown in Table A2 of Appendix A.

2.2.2. Model Building

1. Index Data Processing

Set data matrix X =
(

Xij

)

n×m
, where Xij is the value of the j index of the i subsystem,

i = 1, 2, . . . , n, specifically:

X =







X11 · · · X1m
...

. . .
...

Xn1 · · · Xnm






(3)

Because the nature of each index is not the same, it is necessary to standardize the
original data and eliminate the dimensions to make them comparable, so Z-score standard-
ization is used in the principal component analysis. Standardize the data in the X matrix
by Z-score, and the formula is Z =

(

Xij − Xj

)

/Sj. Z is the standardized variable value,
Xij is the original variable value, Xj is the arithmetic average of the j index, and Sj is the
standard deviation of the j index.

In the process of Entropy analysis, the range method is used for data assimilation and
dimensionless processing. The formula is as follows:

X′
ij =

Xij − min(X1j, X2j, · · · , Xnj)

max(X1j, X2j, · · · , Xnj)− min(X1j, X2j, · · · , Xnj)
+ 1 (4)

X′
ij =

max(X1j, X2j, · · · , Xnj)− Xij

max(X1j, X2j, · · · , Xnj)− min(X1j, X2j, · · · , Xnj)
+ 1 (5)

Among them, Formula (4) for the positive index operation and Formula (5) for the
negative index operation.

2. Dimensionality Reduction Analysis of Principal Components

The principal component analysis of all the standardized index data is carried out
by using the SPSS, and the eigenvalue and variance contribution rate is obtained. The
eigenvector matrix of the principal component can be obtained by using the formula
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eigenvector value = component value/SQR (initial eigenvalue). Thus, the calculation
formula of each principal component is as follows:

Where Fip is the score of the p principal component of the i year, λ’pj is the characteristic
vector of the j index of the p principal component, and ZXij is the standardized data of item
j of the i year.

3. Entropy Method to Determine the Weight of Each Index

The entropy method determines the weight of each index layer according to the
ordered degree of the information contained in each index. The greater the information
entropy is, the smaller the index weight is; the smaller the information entropy is, the
greater the index weight is. In the process of determining the index weight, the principal
component analysis needs the variance contribution rate as the coefficient, including the
subjective component, while the entropy method uses the information utility value to
determine the index weight, which is an objective weighting method that can avoid the
interference of human factors and make the evaluation results more objective.

Define the standardized formula as:

fij =
Yij

m

∑
i=1

Yij

(6)

Then the entropy value and information utility value of each principal component is
calculated. The entropy value e of the index j is:

ej = −
1

ln m

m

∑
i=1

fij ln fij (7)

The information utility value d of the index j is:

dj = 1 − ej (8)

In determining the entropy weight of each principal component, the greater the
information utility value, the greater the entropy weight, indicating that the index is more
important. The weight Wj of the j indicator is:

Wj =
dj

p

∑
i=1

dj

(9)

4. Evaluation score of the entropy-principal component analysis

Through the analysis of the sample data, the principal component analysis is carried
out by using SPSS software, and the principal component score is calculated; the entropy
value of each principal component is calculated by using Excel, and the entropy weight of
each principal component is obtained, thus Formula (12) is used to calculate the compre-
hensive score of the hazard index system of disaster-causing factors. The comprehensive
score of the i sample is as follows:

Si =
m

∑
j=1

WjXip = W1Xi1+W2Xi2 + · · ·+ WjXip (10)

where Si is the comprehensive score of the i sample, and Xip is the score of the p principal
component of the i sample. The lower the comprehensive score, the lower the risk of
disaster factors, the smaller the risk of water resources carrying capacity.
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3. Empirical Analysis and Discussion

3.1. Overview of Zhejiang Province

Zhejiang Province is located in the middle and lower reaches of the Yangtze River and
borders Shanghai, Jiangsu, Anhui, Fujian, and other provinces. The average precipitation
of the whole province in 2019 was 1949.9 mm, which was 18.9% more than that of the
previous year and 21.6% more than that of many years. However, the temporal and spatial
distribution of precipitation is uneven. The precipitation during the flood season (April to
October) accounted for 69.0% of the whole year, generally showing a decreasing trend from
west to east and from south to north, and the mountain area is larger than the plain. The
coastal mountains are larger than the inland basins. In 2019, the per capita amount of water
resources in Zhejiang Province was only 2280.8m3, which is low when compared globally.

3.2. The Vulnerability of the Disaster-Bearers

3.2.1. Weight Calculation

The vulnerability index data of disaster victims are derived from the Statistical Year-
book of Zhejiang Province in 2020 and the Water Resources Bulletin of Zhejiang Province
in 2019. In this paper, the weight of each index is calculated by the AHP method, as shown
in Table 4.

Table 4. Weight table of vulnerability indicators for the vulnerability of disaster-bearers.

First-Level Index Supporting Force Regulating Force Pressure

Second-level
index

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13

Weight 0.36 0.21 0.28 0.15 0.43 0.24 0.33 0.26 0.22 0.11 0.17 0.10 0.15

According to Table 4, in the supporting force subsystem, the higher weight indicators
are per capita water resources and per capita water supply, both of which are closely related
to the total amount of local water resources, that is, the more abundant water resources
in a region, the stronger its disaster supporting capacity. Zheng pointed out that water
scarcity areas are more likely to face the risk of water resources overload, so it is difficult
to provide a guarantee for coordinating the rational utilization of water resources [30].
However, in the regulating force subsystem, the development and utilization rate of water
resources and ecological water use rate occupy a higher weight, that is, the higher the
eco-environmental quality of an area, the stronger its ability to regulate and control the
carrying risk of water resources. Song believed that for different types of water supply
and ways of water use, ecological water demand should be ensured as a priority to meet
the condition [31]. Planning water consumption quotas and increasing the repetition
rate of industrial water use can effectively alleviate the pressure of water shortage. In
the pressure subsystem, because the risk pressure of water resources mainly comes from
human economic and social activities, the weight gap between each index is not obvious.
When studying the carrying capacity of water resources in Jiangsu Province, Li found
that promoting water-saving activities and effective sewage discharge can effectively
improve the carrying capacity of water resources [32]. At the same time, Tian pointed
out that human protection of water resources and social and economic activities have an
important impact on the carrying capacity of water resources. Tian also believed that
banning sewage discharge and promoting a stricter water resources management system
could effectively alleviate the pressure on water resources, thus reduce the cumulative risk
of water resources [33].
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3.2.2. Calculation of Disaster Bearing Capacity and Construction of a Risk Matrix

According to Formulas (1) and (2), the vulnerability of disaster-bearers in Zhejiang
Province is calculated and normalized. The weights of each index of 4 and the results of
each index of Table 4 are re-weighted and normalized, and the specific results are shown in
Table 5. The results of calculation process are shown in Table A3 of Appendix A.

Table 5. Normalized results of measured values of each subsystem.

City
Supporting Force Regulating Force Pressure

Grade I Grade II Grade III Grade I Grade II Grade III Grade I Grade II Grade III

Hangzhou 0.39 0.45 0.16 0.24 0.35 0.42 0.40 0.33 0.27
Ningbo 0.28 0.48 0.24 0.37 0.24 0.40 0.40 0.32 0.28

Wenzhou 0.30 0.57 0.13 0.28 0.16 0.56 0.14 0.16 0.71
Jiaxing 0.00 0.56 0.44 0.29 0.38 0.33 0.04 0.84 0.12

Huzhou 0.39 0.45 0.16 0.38 0.22 0.40 0.44 0.17 0.39
Shaoxing 0.41 0.43 0.16 0.30 0.27 0.44 0.37 0.31 0.33

Jinhua 0.36 0.49 0.15 0.17 0.19 0.64 0.19 0.27 0.54
Quzhou 0.51 0.34 0.15 0.12 0.31 0.58 0.33 0.24 0.43

Zhoushan 0.12 0.60 0.29 0.41 0.18 0.41 0.08 0.21 0.72
Taizhou 0.36 0.52 0.12 0.18 0.17 0.66 0.16 0.22 0.62
Lishui 0.41 0.36 0.23 0.11 0.28 0.61 0.19 0.22 0.59

Zhejiang 0.43 0.43 0.14 0.16 0.33 0.51 0.32 0.28 0.41

As shown by Tables 4 and 5, because the supporting-regulating forces are positive
indicators, the risk grade was determined by the highest value grade, while the supporting-
pressure was a negative index, so the risk grade was determined by the lowest value level.
For example, Hangzhou had the highest determined value of supporting force grade II, so
its determined value is grade II, while the determined value of pressure grade III is the
highest, so its fixed value is grade III, and so on. The supporting force, regulating force, and
pressure risk grade of each city is obtained, and according to the composition rules of the
Table 2 risk matrix, the vulnerability risk matrix of disaster-bearers in Zhejiang Province is
obtained, and the specific results are shown in Figure 2.

From Figure 2, it can be seen that for supporting forces, except Quzhou and Lishui,
the rest of the cities are grade II. This is because Quzhou and Lishui are located in the
southwest of Zhejiang Province, with a large mountain forest area and a small population
compared to other cities, so forest coverage, per capita water resources, and water supply
will be at a higher level in the province.

As for the regulating force, Zhoushan is a grade I, Jiaxing grade II, and the others are
grade III, indicating that the regulating force of most cities in Zhejiang Province is still at a
low level. However, it is not difficult to find that the definite values of grade I and grade III
in some of these cities are very close, so these cities can make continuous improvements
to reduce the development and utilization rate of water resources and ecological water
use rate. If we develop the economy on the basis of not destroying water resources, we
can better improve the ability to bear and control disasters. However, Quzhou and Lishui,
which have excellent performance in supporting force, are in a backward stage, and even
the grade I determination value is at a very low level, which may be due to the relatively
backward economic development of the two places, and their poor performance in the
province due to the low per capita GDP.

In terms of disaster-bearing pressure, it can be seen that southern Zhejiang is obviously
better than northern Zhejiang, mainly because a large number of elements in northern
Zhejiang continue to be concentrated in the region with the market-oriented reform, which
stimulates the expansion of urban land. As a result, the urban development of northern
Zhejiang is ahead of southern Zhejiang, highlighting the uneven development. However,
the pressure of water resources in a region mainly comes from the population, ecological
environment, technology, and economic level. Therefore, when urbanization is not as
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developed as northern Zhejiang, southern Zhejiang shows less pressure to bear disasters.
Hangzhou, Ningbo, Shaoxing, Jiaxing, Taizhou, and other cities are most closely related
to the surrounding cities in the industrial economic network pattern. Hangzhou and
Shaoxing play an important role in the intermediate transfer and guidance of the province’s
industrial economy. As a result, these cities are facing greater pressure to bear disasters.
However, in the Zhoushan archipelago, due to topography, natural conditions and other
reasons, the level of urbanization is not at a high level, so its pressure is naturally small, and
its determined value of less than 0.1 is at a higher level. It is very interesting that although
Quzhou and Lishui return to grade I again, and the level of industrialization is not high,
most of them are extensive, but the gap between them is very obvious. This is because
the distribution of industrial enterprises in Quzhou is greater than that in Lishui, for
example, Zhejiang Juhua Group is located in Quzhou, while Lishui has few large industrial
enterprises, and the government intends to abandon part of its economic development in
Lishui to protect the ecological environment.

Figure 2. Evaluation grade of the risk matrix for the vulnerability of disaster-bearers in Zhejiang Province.

For the supporting-regulating force composite matrix, we can see that its grade is
the same as the supporting force because they are both positive indicators, and there is
no resistance to each other; thus, although the regulating force of each city is not good,
because the supporting force is enough to cope with the risk of water resources carrying
capacity, the primary idea is not to improve the ability to deal with risks by improving
the regulation and control ability. However, for the pressure-regulating force, because the
pressure is a negative index, there is a relationship between the two, so poor performance
in any of them will have an impact on the overall grade. Although the pressure grade of
Quzhou, Jinhua, Taizhou, Lishui, and Wenzhou is a grade I, because of their low regulating
force, the grade of their composite matrix becomes grade II. This means that it is more
likely to face the risk of carrying water resources.
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For the final vulnerability of disaster-bearers risk matrix, because the dominance of
the supporting-regulating force composite matrix is stronger than that of the pressure-
regulating force composite matrix, the final grade of the risk matrix is consistent with
the supporting-regulating force composite matrix. We can find that the supporting force
plays an important role in the vulnerability of the disaster-bearers. Therefore, each region
can give priority to ensuring that the supporting force is at a high grade, and for water-
scarce areas, it is necessary to increase water saving and plant drought-tolerant trees so
as to gradually increase the amount of water per capita in the future development. For
non-water shortage areas, on the basis of water-saving concepts, the most important thing
is to further improve the grade of supporting force by increasing forest coverage. Of
course, the regulating force is not unimportant because, in most areas of Zhejiang, the
subsystem is still at a low level, although it and the supporting force can jointly promote
the prevention of water resources carrying risk; however, with the continuous increase in
its grade, the pressure-regulating force can also be further enhanced so as to reduce the
development pressure of the supporting force. Relatively speaking, the grade of supporting
force of various cities in Zhejiang Province is relatively high, and the space for short-term
progress is limited. However, there are still gaps in the regulating force that need to be
continuously improved.

Finally, for Zhejiang as a whole, the risk matrix synthesis result is independent of the
risk matrix synthesis result of each city. The results are a conclusion drawn by calculating
the values of Zhejiang Province, using the same matrix judgment and synthesis method.
It means that for Zhejiang, without subdividing into subordinate cities, the vulnerability
of the disaster-bearers is a grade I, that is, it has a strong ability to cope with the risks
carried by water resources. Zhejiang has strong economic strength and attaches great
importance to economic development while protecting resources and the environment,
paying attention to ecological development. Therefore, Zhejiang is not fragile in the face of
water resources carrying risk.

3.3. Hazard of Disaster-Causing Factors

3.3.1. Principal Component Analysis

The index data of hazards of disaster-causing factors are derived from the Statistical
Yearbook of Zhejiang Province in 2020 and the Water Resources Bulletin of Zhejiang
Province in 2019. According to Formulas (3) and (6), this paper uses SPSS software to
analyze the principal components of the data and the results are shown in Tables A4 and A5
of Appendix A. The specific results show that there are five principal components with
eigenvalues greater than 1, and the cumulative variance contribution of the first four
principal components is 84.955%, close to 85%. Therefore, we can determine that the first
four principal components have a great impact on the risk of disaster-causing factors in
Zhejiang Province, which is consistent with the number of Table 3 subsystems. There
are also more indicators with higher scores of the first principal component, but most of
them are concentrated in the industrial structure subsystem, so we determine that the first
principal component is divided into the industrial structure subsystem. By analogy, it
was concluded that the second principal component is the climate change subsystem; the
third principal component is the water use efficiency subsystem, and; the fourth principal
component is the population structure subsystem.

3.3.2. Entropy Weight Calculation

According to Formulas (3)–(5) and (7)–(10), the risk entropy, information utility, and
weight of disaster-causing factors in Zhejiang Province are calculated, and the specific
results are shown in Table 6.
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Table 6. Entropy value and weight of each index.

Index X11 X12 X13 X14 X15 X21 X22 X23 X24 X25

ej 0.988 0.993 0.992 0.995 0.992 0.994 0.994 0.991 0.989 0.993
dj 0.012 0.007 0.008 0.005 0.008 0.006 0.006 0.009 0.011 0.007
Wj 7.98% 4.52% 5.05% 3.42% 5.30% 4.23% 4.10% 5.70% 7.33% 4.60%

Index X31 X32 X33 X34 X35 X41 X42 X43 X44 X45

ej 0.993 0.991 0.991 0.994 0.994 0.993 0.994 0.991 0.995 0.991
dj 0.007 0.009 0.009 0.006 0.006 0.007 0.006 0.009 0.005 0.009
Wj 4.69% 6.00% 6.00% 3.96% 4.14% 4.42% 3.61% 5.79% 3.32% 5.82%

From Table 6, we can know that the ej value of each index is more than 0.9 because the
greater the entropy value, the smaller the amount of information and the worse the stability
of the system is. Therefore, it can be observed that the degree of disorder of each index
is at a high level, indicating that the study of the risk of disaster factors is of significance.
Although the overall risk of disaster-causing factors is at a disordered level, there is still
a relative gap in the dj of each index, and the larger the dj, the greater the impact on the
evaluation; thus, the Wj of each index is also different.

3.3.3. Comprehensive Score Calculation of Entropy-Principal Component Analysis

According to Formula (11), and combined with the specific data of Table 6, the com-
prehensive risk score of disaster-causing factors in Zhejiang Province was calculated and
ranked, and the specific results are shown in Table 7.

Table 7. Comprehensive evaluation value of hazard of disaster-causing factors in Zhejiang Province. (×10−4).

City/Index X11 X12 X13 X14 X15 X21 X22 X23 X24 X25 X31

Hangzhou 6.13 0.09 2.00 −1.97 5.53 1.60 0.04 0.59 2.08 0.86 2.18
Ningbo 6.72 0.11 2.01 −1.97 4.74 1.34 0.05 0.74 2.63 1.03 2.71

Wenzhou 3.56 0.09 2.12 −2.01 4.93 1.44 0.06 0.57 2.25 0.95 3.54
Jiaxing 7.12 0.08 1.77 −1.04 3.34 1.06 0.07 0.93 2.16 0.62 3.74

Huzhou 7.12 0.07 1.9 −1.88 3.61 1.70 0.07 1.00 3.18 1.13 4.09
Shaoxing 5.54 0.09 1.95 −1.93 4.18 1.61 0.07 0.86 3.56 0.89 3.67

Jinhua 4.35 0.10 2.16 −2.02 4.86 1.71 0.06 0.83 1.78 1.14 3.86
Quzhou 5.14 0.12 2.33 −2.04 4.81 1.98 0.08 1.01 2.59 0.84 4.33

Zhoushan 7.12 0.13 2.22 −2.03 3.09 1.40 0.07 1.13 3.48 1.25 4.36
Taizhou 4.75 0.11 2.23 −2.03 4.99 1.61 0.08 0.74 2.16 1.13 3.77
Lishui 3.56 0.10 3.55 −2.08 6.18 2.11 0.08 1.00 1.91 1.19 4.34

City/Index X32 X33 X34 X35 X41 X42 X43 X44 X45 Score Rank

Hangzhou 2.40 2.78 0.14 −3.43 −0.01 2.85 3.15 1.20 −0.73 27.47 1
Ningbo 2.66 3.32 0.25 −3.32 −0.02 2.93 4.85 1.21 −0.82 31.16 5

Wenzhou 4.69 3.68 0.21 −3.40 −0.02 2.70 3.94 1.26 −0.93 29.63 3
Jiaxing 3.50 3.63 0.28 −3.41 −0.02 2.50 3.13 0.69 −1.2 28.95 2

Huzhou 3.79 2.53 0.28 −3.00 −0.03 2.31 3.93 1.09 −1.32 31.55 6
Shaoxing 3.45 4.46 0.25 −3.13 −0.02 2.58 4.32 1.16 −1.15 32.39 8

Jinhua 4.41 3.39 0.20 −3.22 −0.02 2.47 4.87 1.27 −1.18 31.03 4
Quzhou 4.69 4.39 0.22 −2.75 −0.02 1.54 3.24 1.31 −1.42 32.38 7

Zhoushan 3.45 5.06 0.21 −1.72 −0.03 3.07 6.26 1.27 −1.47 38.33 11
Taizhou 4.32 4.79 0.25 −2.76 −0.02 2.63 3.92 1.29 −1.15 32.81 9
Lishui 4.80 4.66 0.21 −2.50 −0.03 2.23 4.16 1.38 −1.42 35.43 10

For the table showing the risk scores of disaster-causing factors, the smaller the score,
the smaller the risk, and the higher the ranking. Therefore, from Table 7, it can be seen that
the risk of disaster factors in southern Zhejiang is at a greater risk than that in northern
Zhejiang and that in western Zhejiang is at a greater risk than that in eastern Zhejiang, but
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the overall score gap is not large, which is consistent with the results of Shen through the
study of water security status and its spatio-temporal variation characteristics in Zhejiang
Province. Shen believes that from the spatial level, the spatial heterogeneity of water
security in Zhejiang Province is significant, showing the characteristics of “strong in the
northeast and weak in the southwest”, which is consistent with the pattern of economic
and social development of the province; from the level of dynamic change, the regional
gap of water security in Zhejiang Province is gradually narrowing, and its optimization
speed shows a pattern of “slow in the northeast and fast in the southeast” [34].

As for the industrial structure of the first principal component, the economic level
and industrial layout of Zhejiang are stronger in the northeast than in the southwest, and
the development level of intelligent industries, green economy, and other emerging fields
in Zhejiang cities is also uneven. Additionally, digital economy plays an increasingly
important role in the development of China, and it also plays an important role in the
field of water resources, such as intelligent water conservancy, intelligent water affairs,
intelligent water control, and other related research. Therefore, cities such as Hangzhou,
which are leading in the development of the digital economy, have an advantage in
this respect.

For the second principal component of climate change, it is not difficult to find that
Zhejiang Province has a small area, subtropical monsoon climate, plum rainy season,
typhoon season, and other periods, so its precipitation resources are abundant and the
climate is appropriate. As a result, the difference between cities is not obvious. Therefore,
actively dealing with climate change and preventing global warming can effectively reduce
the risk of disaster factors.

As for the water use efficiency of the third principal component, because the main
body of water use is small but dense, and the water use behavior is complex, it can be
found that the water in the water use efficiency mainly comes from the second principal
component and is used in the first principal component, which is dominated by the other
two. Therefore, water use efficiency ranks as the third principal component. Extensive and
intense human activities will cause serious water environment pollution, which leads to
the deterioration of the use of water resources, which not only harms water resources but
also becomes a major bottleneck restricting the sustainable development of human society.
In 2013, China issued the strictest Water Resources Management system, and at the end of
the same year, Zhejiang Province put forward “five-water co-governance”, which earlier
regulated the water use behavior and effectively improved the water use efficiency; thus, it
can be found that the overall performance of Zhejiang Province is better; and there is little
difference between cities.

As for the population structure of the fourth principal component, it can be found
that the proportion of population density and urban built-up area is relatively high, mainly
because the area of Zhejiang Province is small and the level of economic development is
high. The continuous increase in the population has led to greater population pressure in
limited areas and the expansion of urban areas, thus affecting the ecological environment
in many ways, resulting in an increased risk of disaster-causing factors. The disorderly
expansion of urban space leads to the destruction of the water circulation system, and the
excessive growth of population and the serious lag in the construction of the water supply
network and sewage treatment system seriously affect the degree of coordination. Wang
also pointed out that measures such as reducing the population growth rate, improving
the water use efficiency of the economic system, and optimizing the allocation of water
conservancy facilities can effectively improve the carrying capacity of water resources [35].
Therefore, Zhejiang Province should not “change” the economy with people and cities
in the process of development, but should comprehensively consider the coordinated
development of population, economy, water resources, and other factors so as to reduce
the harm of water resources that may be brought in the process of economic construction.
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3.4. Risk Assessment of Water Resources Carrying Capacity

The operational Formulas (3)–(5) and (7)–(10) were used to calculate the entropy
weight of each subsystem of the vulnerability of disaster-bearers in Zhejiang Province
and to rank each subsystem in Table 5 after weighted addition and re-rank the risk of
water resources carrying capacity of cities in Zhejiang Province after adding it with the
risk ranking of disaster-causing factors in Table 7. The grades from 1 to 11 mean that the
vulnerability of the disaster-bearers, the risk of disaster-causing factors, and the carrying
risk of water resources all change from small to large, as shown by Figure 3.

Figure 3. Each city’s ranking of vulnerability, hazards, and carrying risks of water resources in Zhejiang Province.

As can be seen from Figure 3, the risk of water resources carrying capacity in economi-
cally developed cities such as Hangzhou, Ningbo, and Shaoxing is relatively small, while
the relatively less developed cities such as Zhoushan, Lishui, and Quzhou are faced with
greater risk of water resources carrying capacity. However, the economic level is not the
main factor, such as Wenzhou and Taizhou, their economic level does not belong to the
backward position in Zhejiang, but the risk to carrying water resources is still large because
they are located in coastal areas and are large cities affected by typhoons. Typhoon transit
will have a greater impact on the carrying capacity of local water resources. Typhoons
not only cause serious rain and waterlogging, but also have a great impact on economic
and social operations. Therefore, the risk to water resources carrying in Wenzhou and
Taizhou is not only affected by human activities but also by typhoon-related factors. As far
as Wenzhou is concerned, the overall level of Wenzhou is not high because its vulnerability
ranks last, which indicates that Wenzhou needs to strengthen the construction of bearing
capacity and pay attention to the influence of the risk of disaster-causing factors. As far as
Taizhou is concerned, the vulnerability of disaster-bearers and the risk of disaster-causing
factors are poor, and the degree of risk to water resources carrying capacity of Taizhou may
be higher than that of Zhoushan under the influence of typhoon factors; thus, whether
by the water-saving behavior in daily economic activities or the protective behavior in
response to typhoons, Taizhou urgently needs to be strengthened, and there is a lot of room
for improvement.

For Hangzhou, Ningbo, Shaoxing, and other places, as the urban economic develop-
ment is relatively high, and the level of investment in water resources management and
protection has been in the leading position in the province, which needs to be maintained.
One should pay attention to the prevention of non-procedural water resources carrying
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risks. For Quzhou and Lishui, it can be observed that the vulnerability of the disaster-
bearers is in the middle level, but the risk of disaster-causing factors is lower. This is mainly
because the eco-environmental level of Quzhou and Lishui is high within the province,
which can slightly make up for the deficiency of their vulnerability due to lack of economic
development; however, this is not enough to significantly reduce the possibility of water
resources carrying risk, resulting in the risk of disaster-causing factors still at a high level,
which affects the risk level of water resources carrying capacity.

Finally, as a special island city, Zhoushan Archipelago is affected by many factors, such
as geographical environment, economic development, and natural resources. Due to the
different geographical characteristics of the islands, there are obvious differences in their
industrial structure and the tolerance and coping ability of people in response to natural
disasters; the Zhoushan Archipelago area has been prone to storm surges, typhoons, water
and other natural disasters since ancient times, so the impact of these on the economic and
social life of the island area cannot be ignored. Therefore, in the future, Zhoushan Islands
should reasonably control the population, promote technological innovation, improve the
efficiency of resource and energy utilization, actively develop the environmental protection
industry, and reduce the demand for natural capital. We suggest promoting the coordinated
development of human society and the ecosystem so as to reduce the risk of water resources
carrying capacity.

4. Deficiency

As a new research field in China, there are still many imperfections in water resources
carrying risk assessments, so there are some deficiencies in this study. First of all, this paper
directly takes the index system of water resources carrying capacity as the index system
of water resources carrying vulnerability, and there may be some indicators that cannot
fully explain the concept of “vulnerability”, which leads to some deviation in the research.
Secondly, the risk matrix grading rules only follow the practice of predecessors and do
not change according to the specific research, which may also make the final grading of
some cities biased against the real situation. Finally, in the study of the risk of disaster-
causing factors, this paper finds that the geographical situation and typhoon climate have
an impact on the carrying risk of water resources in an area, but it has not been studied in
this paper. Additionally, the specific behavior changes of the government and the public
in the face of water resources carrying risk had not been studied in this paper. Therefore,
these can be used for future research to continuously improve the risk of water resources
carrying capacity.

5. Conclusions

This paper studies the carrying risk of water resources in Zhejiang Province from
two aspects: the vulnerability of disaster-bearers and the risk of disaster-causing factors.
The Analytic Hierarchy Process-Fuzzy Comprehensive Evaluation method and Entropy-
Principal Component Analysis method are used, respectively, for the two aspects, and a risk
matrix was constructed for the vulnerability of disaster-bearers. Finally, the ranking and
specific conditions of water resources carrying risks of various cities in Zhejiang Province
are listed by combining the evaluation results of the two aspects, and the conclusions are
as follows.

Zhejiang Province has a strong ability to cope with the water resource carrying risk,
but there are still deficiencies in some cities. For the vulnerability of the disaster-bearers,
it shows that the northeast region is more vulnerable than the southwest region, and
the role of supporting force is more obvious. As for the risk of disaster-causing factors,
industrial structure, climate change, water resources utilization efficiency, and population
structure have a great impact. The risk of disaster factors in southern Zhejiang is at great
risk than that in the north, and western Zhejiang is at a greater risk than that in the east.
Generally speaking, Zhejiang Province shows a low risk of carrying water resources in areas
with a higher economic level. Therefore, cities in Zhejiang Province can promote energy
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conservation and emission reduction, encourage water-saving behavior, improve water
use efficiency, promote the coordinated development of economy, society, and ecological
environment, and reduce the risk of carrying water resources by optimizing the industrial
layout and population structure.

To conclude, the risk of carrying capacity of water resources is affected by many
aspects, and all of them should be taken into account when preventing the risk. For the
government, the most important thing is to measure whether the speed of economic and
social development is in line with the state of water resources, whether the development
of the economy has caused damage to water resources at the same time; whether water
resources are reasonably developed and utilized, and its effective recycling is promoted,
and; the government can effectively restrict the behavior of enterprises and the public by
promulgating legal provisions. For the public, whether they have water-saving awareness,
whether to maintain good daily water-saving behavior and actively participate in water-
saving activities are conducive to reducing the risk of water resources carrying capacity.
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Appendix A

This is the calculation method of each secondary index in Table 1 of Section 2.1.1, as
shown in Table A1.

Table A1. Calculation method of each secondary index in Table 1.

First-Level Index Second-Level Index Calculating Method

Supporting force

C1 Total water resources/Total resident population
C2 Total water resources/Regional area
C3 Total annual water supply/Total resident population
C4 Forest area/Total land area

Regulating force
C5 Total water supply/Total water resources
C6 Total value of GDP/Total population
C7 Eco-environmental water consumption/Total water consumption

Pressure

C8 Total daily water consumption/Total resident population
C9 Total socio-economic water consumption/GDP
C10 Industrial water consumption/Industrial value added
C11 Resident population/Regional area
C12 Urban population/total population
C13 Irrigation water consumption/Irrigation area
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This is the calculation method of each secondary index in Table 3 of Section 2.2.1, as
shown in Table A2.

Table A2. Calculation method of each secondary index in Table 3.

First-Level Index Second-Level Index Calculating Method

Climate change

X11 Σ Monthly average temperature/12
X12 Σ Monthly average precipitation
X13 Land income moisture/Ground expenditure water
X14 Ground expenditure water/Land income moisture
X15 Total amount of water resources

Population structure

X21 Resident population/Regional area
X22 Urban population/Total population
X23 Total resident population
X24 Natural population growth rate
X25 Urban area/Regional area

Industrial structure

X31 GDP
X32 GDP/Total population
X33 (GDP in this yeay/GDP in last year)-1
X34 Output value of tertiary industry/Total output value
X35 Output value of primary industry/Total output value

Water use efficiency

X41 Total industrial water consumption/365
X42 Total social and economic water consumption/GDP
X43 Total amount of irrigation water for farmland/Farmland area
X44 Regional water consumption/Total amount of water resources
X45 Total domestic water consumption/365

These are data during the calculation process of Table 5 of Section 3.2.2, as shown
in Table A3.

Table A3. The results of various indexes shows the vulnerability of disaster-bearers in Zhejiang Province.

Evaluation
Index

Zhejiang Province
City

Hangzhou Ningbo Wenzhou Jiaxing Huzhou

Uv1 Uv2 Uv3 Uv1 Uv2 Uv3 Uv1 Uv2 Uv3 Uv1 Uv2 Uv3 Uv1 Uv2 Uv3 Uv1 Uv2 Uv3

C1 0.43 0.05 0.53 0.28 0.15 0.57 0.11 0.25 0.64 0.13 0.24 0.63 0.00 1.00 0.00 0.22 0.19 0.59
C2 0.25 0.17 0.58 0.28 0.15 0.58 0.22 0.19 0.59 0.38 0.08 0.54 0.00 1.00 0.00 0.12 0.18 0.71
C3 0.00 1.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00 0.00 0.72 0.28 0.04 0.23 0.73
C4 0.40 0.07 0.54 0.42 0.05 0.53 0.34 0.11 0.55 0.41 0.06 0.53 0.00 0.51 0.49 0.34 0.10 0.55
C5 0.37 0.09 0.55 0.37 0.09 0.54 0.37 0.09 0.54 0.38 0.08 0.54 0.01 0.12 0.88 0.34 0.11 0.56
C6 0.46 0.03 0.51 0.48 0.02 0.51 0.47 0.02 0.51 0.44 0.04 0.52 0.47 0.02 0.51 0.46 0.03 0.51
C7 0.00 1.00 0.00 0.00 0.98 0.02 0.00 0.54 0.46 0.33 0.12 0.56 0.00 0.60 0.40 0.00 0.74 0.26
C8 0.00 0.96 0.04 0.00 0.80 0.21 0.00 0.68 0.32 0.00 0.05 0.95 0.00 0.92 0.08 0.00 0.88 0.12
C9 0.28 0.15 0.57 0.29 0.14 0.57 0.29 0.14 0.57 0.29 0.14 0.57 0.28 0.15 0.57 0.27 0.15 0.58
C10 0.08 0.25 0.67 0.20 0.20 0.60 0.24 0.17 0.59 0.12 0.24 0.64 0.20 0.20 0.60 0.21 0.19 0.60
C11 0.00 1.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00
C12 0.00 0.90 0.10 0.00 0.55 0.45 0.00 0.71 0.29 0.00 0.82 0.18 0.00 0.92 0.08 0.00 0.06 0.94
C13 0.02 0.19 0.79 0.00 0.50 0.50 0.19 0.20 0.60 0.00 0.96 0.04 0.00 1.00 0.00 0.00 0.95 0.05

Evaluation
index

Shaoxing Jinhua Quzhou Zhoushan Taizhou Lishui

C1 0.28 0.14 0.57 0.40 0.07 0.53 0.48 0.02 0.51 0.00 0.92 0.08 0.39 0.07 0.54 0.49 0.01 0.50
C2 0.28 0.20 0.52 0.25 0.17 0.58 0.39 0.07 0.54 0.00 0.65 0.35 0.31 0.13 0.56 0.38 0.08 0.54
C3 0.00 1.00 0.00 0.00 1.00 0.00 0.32 0.12 0.56 0.00 1.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00
C4 0.39 0.08 0.54 0.41 0.06 0.53 0.43 0.04 0.52 0.36 0.10 0.55 0.41 0.06 0.53 0.45 0.04 0.52
C5 0.36 0.09 0.55 0.38 0.08 0.54 0.39 0.07 0.54 0.38 0.08 0.54 0.39 0.08 0.54 0.40 0.07 0.53
C6 0.47 0.02 0.51 0.45 0.03 0.52 0.44 0.04 0.52 0.47 0.02 0.51 0.45 0.03 0.52 0.44 0.04 0.52
C7 0.00 0.81 0.20 0.24 0.17 0.59 0.00 0.75 0.25 0.00 1.00 0.00 0.33 0.12 0.56 0.00 0.64 0.36
C8 0.00 0.81 0.19 0.00 0.11 0.88 0.07 0.25 0.68 0.00 0.11 0.89 0.00 0.11 0.89 0.05 0.24 0.71
C9 0.28 0.15 0.57 0.28 0.15 0.57 0.24 0.17 0.59 0.30 0.14 0.57 0.28 0.15 0.57 0.27 0.15 0.58
C10 0.16 0.23 0.62 0.00 0.81 0.19 0.00 0.67 0.33 0.00 0.60 0.40 0.14 0.24 0.63 0.16 0.23 0.62
C11 0.00 1.00 0.00 0.00 1.00 0.00 0.12 0.24 0.64 0.00 1.00 0.00 0.00 1.00 0.00 0.28 0.15 0.57
C12 0.00 0.89 0.11 0.00 0.88 0.12 0.05 0.24 0.71 0.00 0.88 0.12 0.01 0.12 0.87 0.01 0.16 0.83
C13 0.05 0.24 0.71 0.14 0.43 0.43 0.00 0.55 0.45 0.37 0.09 0.54 0.00 0.95 0.05 0.02 0.19 0.80
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These are the specific results of the principal component analysis in Section 3.3.1, as
shown in Tables A4 and A5.

Table A4. Characteristic Root and Cumulative contribution rate of correlation Matrix.

Principal
Component

Before Rotation After Rotation

Total Variance % Accumulation % Total Variance % Accumulation %

1 7.525 37.627 37.627 6.212 31.060 31.060
2 4.792 23.962 61.589 4.044 20.221 51.280
3 3.486 17.429 79.018 2.932 14.662 65.942
4 1.187 5.937 84.955 2.533 12.663 78.605
5 1.030 5.152 90.107 2.300 11.502 90.107

Table A5. Component score coefficient matrix.

Subsystems Standardized Index
Component Score

1 2 3 4

Climate change

Average air temperature −0.374 0.766 0.258 0.247
Average precipitation −0.513 0.024 −0.496 0.412

Surface moisture index −0.695 0.480 0.077 0.082
Surface drought index 0.458 −0.613 0.470 0.329

Total amount of water resources −0.079 0.949 0.133 0.019

Population structure

Population density 0.643 −0.555 −0.217 0.415
Urbanization rate 0.774 0.214 −0.539 0.018

Registered population 0.678 0.609 −0.051 0.165
Natural population growth rate 0.156 0.637 0.392 0.379

Proportion of urban built-up area 0.613 −0.164 0.546 0.240

Industrial structure

GDP 0.865 0.355 −0.280 −0.034
GDP per capita 0.702 −0.242 −0.502 −0.170

The growth rate of GDP 0.712 0.094 0.152 −0.571
Proportion of tertiary industry 0.063 0.703 −0.367 0.029
Proportion of primary industry −0.788 −0.267 −0.475 0.060

Water use efficiency

Industrial water quota 0.883 0.319 −0.006 0.010
Water consumption of GDP −0.427 0.099 0.770 −0.232
Farmland irrigation quota 0.399 0.229 0.790 −0.042

Development and utilization of water resources 0.575 −0.665 0.395 0.149
Domestic water quota 0.853 0.421 −0.220 0.044

References

1. Wu, J.R.; Chen, F.; Chen, X.L. Temporal and Spatial Features and Correlation Studies of Global Natural Disasters from 1900 to
2018. Resour. Environ. Yangtze Basin. 2021, 4, 976–991.

2. Timmerman, P. Vulnerability, resilience and the collapse of society: A review of models and possible climatic applications.
Environmental Monograph No. 1, Institute for Environmental Studies, University of Toronto. J. Climatol 1981. [CrossRef]

3. Liang, Y.Y.; Lv, A.F. Risk assessment of water resource security in China. Resour. Sci. 2019, 4, 775–789.
4. Yu, J.; Kim, J.E.; Lee, J.H.; Kim, T.W. Development of a PCA-Based Vulnerability and Copula-Based Hazard Analysis for Assessing

Regional Drought Risk. KSCE J. Civ. Eng. 2021, 25, 1901–1908. [CrossRef]
5. Lian, J.; Xu, H.; Xu, K.; Ma, C. Optimal management of the flooding risk caused by the joint occurrence of extreme rainfall and

high tide level in a coastal city. Nat. Hazards 2017, 89, 183–200. [CrossRef]
6. Wang, Y.; Liu, G.; Guo, E.; Yun, X. Quantitative Agricultural Flood Risk Assessment Using Vulnerability Surface and Copula

Functions. Water 2018, 10, 1229. [CrossRef]
7. Bouaakkaz, B.; El Morjani, Z.E.A.; Bouchaou, L.; Elhimri, H. Flood risk management in the Souss watershed. E3S Web Conf. 2018,

37, 04005. [CrossRef]
8. Lv, H.; Guan, X.J.; Meng, Y. Comprehensive evaluation of urban flood-bearing risks based on combined compound fuzzy

matter-element and entropy weight model. Nat. Hazards 2020, 103, 1823–1841. [CrossRef]
9. Agrawal, N.; Elliott, M.; Simonovic, S.P. Risk and Resilience: A Case of Perception versus Reality in Flood Management. Water

2020, 12, 1254. [CrossRef]

99



Int. J. Environ. Res. Public Health 2021, 18, 7693

10. Chen, N.; Zhang, Y.; Wu, J.; Dong, W.; Zou, Y.; Xu, X. The Trend in the Risk of Flash Flood Hazards with Regional Development
in the Guanshan River Basin, China. Water 2020, 12, 1815. [CrossRef]

11. Kim, H.; Park, J.; Yoo, J.; Kim, T.W. Assessment of drought hazard, vulnerability, and risk: A case study for administrative
districts in South Korea. J. Hydro Environ. Res. 2015, 9, 28–35. [CrossRef]

12. Wen, L.H.; Shi, Z.H.; Liu, H.Y. Research on risk assessment of natural disaster based on cloud fuzzy clustering algorithm in
Taihang Mountain. J. Intell. Fuzzy Syst. 2019, 37, 1–9. [CrossRef]

13. Ali, A.; Hamid, M.; Andrea, C.; Nicolas, M. Future drought risk in Africa: Integrating vulnerability, climate change, and
population growth. Sci. Total Environ. 2019, 662, 672–686.

14. Long, Q.B.; Zhu, W.B.; Lv, A.F. Theory and methodology analysis for the development of water resources carrying capacity risk
monitoring and early warning system. South North Water Transf. Water Sci. Technol. 2021, 1–15.

15. Jia, R.; Xue, H.F.; Xie, J.C.; Jiang, X.H. Research on the Bearing Capacity of Regional Water Resources. J. Xi’an Univ. Technol. 1998,
4, 54–59.

16. Liu, C.F.; Wang, R.M.; Zhang, X.L.; Cheng, C.L.; Song, H.; Hu, Y. Comparative analysis of water resources carrying capacity based
on principal component analysis in Beijing-Tianjin-Hebei region from the perspective of urbanization. AIP Conf. Proc. 2017, 1794,
030012.

17. Feng, L.H.; Huang, C.F. A Risk Assessment Model of Water Shortage Based on Information Diffusion Technology and its
Application in Analyzing Carrying Capacity of Water Resources. Water Resour. Manag. 2008, 22, 621. [CrossRef]

18. Andrea, B.M.; Tamara, A.; Jochen, S. Risk and sustainability assessment framework for decision support in ‘water scarcity—Water
reuse’ situations. J. Hydrol. 2020, 591, 125424.

19. Wang, X.K.; Jin, X.L.; Jia, J.J.; Xia, X.M.; Wang, Y.P.; Gao, J.H.; Liu, Y.F. Simulation of water surge processes and analysis of water
surge bearing capacity in Boao Bay, Hainan Island, China. Ocean Eng. 2016, 125, 51–59. [CrossRef]

20. Zhou, X.Y.; Zheng, B.H.; Khu, S.T. Validation of the hypothesis on carrying capacity limits using the water environment carrying
capacity. Sci. Total Environ. 2019, 665, 774–784. [CrossRef]

21. Wolfram, J.; Stehle, S.; Bub, S.; Petschick, L.L.; Schulz, R. Water quality and ecological risks in European surface
waters—Monitoring improves while water quality decreases. Environ. Int. 2021, 152, 106479. [CrossRef]

22. Di, H.; Liu, X.; Zhang, J.; Tong, Z.; Ji, M. The Spatial Distributions and Variations of Water Environmental Risk in Yinma River
Basin, China. Int. J. Environ. Res. Public Health 2018, 15, 521. [CrossRef]

23. Fu, Q.; Gong, F.L.; Jiang, Q.X.; Li, T.X.; Cheng, K.; Dong, H.; Ma, X.S. Risk assessment of the city water resources system based on
Pansystems Observation-Control Model of Periphery. Natural Hazards. 2014, 71, 899–1912. [CrossRef]

24. Meredith, D.; Rebekah, R.B. Transition to a water-cycle city: Sociodemographic influences on Australian urban water practitioners’
risk perceptions towards alternative water systems. Urban Water J. 2013, 11, 444–460.

25. Bao, C.B.; Wu, D.S.; Wan, J.; Li, J.P.; Chen, J.M. Comparison of Different Methods to Design Risk Matrices from the Perspective of
Applicability. Procedia Comput. Sci. 2017, 122, 455–462. [CrossRef]

26. Eric, D.S.; William, T.S.; David, D. Risk matrix input data biases. Syst. Eng. 2009, 12, 344–360.
27. Thomas, P.; Bratvold, R.B.; Bickel, J.E. The Risk of Using Risk Matrices. SPE Annu. Tech. Conf. Exhib. 2014, 6, 56–66. [CrossRef]
28. Baybutt, P. Guidelines for designing risk matrices. Process Saf. Prog. 2017, 37, 49–55. [CrossRef]
29. Wu, C.; Zhou, L.; Jin, J.; Ning, S.; Bai, L. Regional water resource carrying capacity evaluation based on multi-dimensional

precondition cloud and risk matrix coupling model. Sci. Total Environ. 2020, 710, 136324. [CrossRef] [PubMed]
30. Zheng, L.J.; Li, X.P. Evaluation model of regional water resources carrying capacity based on Coordination: A case study of

Guangzhou City. Water Resour. Prot. 2021, 1–8.
31. Song, B.; Zhang, F.W.; Yang, H.F.; Liu, C.L.; Meng, R.F.; Nan, T. Source-division evaluation and application on water resources

carrying capacity based on ecological priority: Take Baoding Plain, Hebei Province as an example. Geol. China 2021, 1–13.
32. Li, S.P.; Zhao, H.; Wang, F.Q.; Yang, D.M. Evaluation of water resources carrying capacity of Jiangsu Province based on

AHP-TOPSIS model. Water Resour. Prot. 2021, 37, 20–25.
33. Tian, P.; Wang, J.Y.; Hua, W.; Hao, F.H.; Huang, J.W.; Gong, Y.W. Temporal-spatial patterns and coupling coordination degree of

water resources carrying capacity of urban agglomeration in the middle reaches of the Yangtze River. J. Lake Sci. 2021, 1–16.
34. Shen, X.M.; Hu, K.L.; Xia, Y.X.; Sheng, Q.; Wang, X.Y. Evaluation on spatio-temporal variation characteristics of water safety in

Zhejiang Province. Yangtze River 2020, 51, 25–30.
35. Wang, L.; Wang, Z.; Liu, X. Water Resources Carrying Capacity Analysis of YarLung Tsangpo River Basin (I). Water 2018, 10, 1131.

[CrossRef]

100



International  Journal  of

Environmental Research

and Public Health

Article

The Factors Affecting Volunteers’ Willingness to Participate in
Disaster Preparedness

Yingnan Ma 1, Wei Zhu 1, Huan Zhang 2, Pengxia Zhao 1, Yafei Wang 1 and Qiujie Zhang 2,3,*

����������
�������

Citation: Ma, Y.; Zhu, W.; Zhang, H.;

Zhao, P.; Wang, Y.; Zhang, Q. The

Factors Affecting Volunteers’

Willingness to Participate in Disaster

Preparedness. Int. J. Environ. Res.

Public Health 2021, 18, 4141. https://

doi.org/10.3390/ijerph18084141

Academic Editors: Yuxiang Hong,

Ziqiang Han, Jong-Suk Kim and

Joo-Heon Lee

Received: 15 March 2021

Accepted: 12 April 2021

Published: 14 April 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Beijing Research Center of Urban Systems Engineering, Beijing 100035, China; yingnanma@126.com (Y.M.);
zhuweianquan@126.com (W.Z.); zhaopengxia2021@163.com (P.Z.); yafeiw@126.com (Y.W.)

2 School of Social Development and Public Policy, Beijing Normal University, Beijing 100875, China;
zhanghuan@bnu.edu.cn

3 Department of Research Project, Beijing Vocational College of Labor and Social Security, Beijing 100029, China
* Correspondence: zhangqiujie@126.com; Tel.: +86-158-0161-1682

Abstract: Disaster preparedness is crucial for providing an effective response to, and reducing the

possible impacts of, disasters. Although volunteers’ participation plays an important role in disaster

preparedness, their actual participation in disaster preparedness activities is still low. To find ways to

encourage more volunteers to participate, this study analyzed the social background and organiza-

tional and attitudinal factors affecting the volunteers’ willingness to participate. Questionnaires were

distributed to 990 registered disaster volunteers across Beijing and the data were analyzed using

linear regression models. Results revealed a weak willingness to participate in disaster preparedness.

Only 28.08% of the respondents indicated that they were “very ready” to participate in voluntary

disaster preparedness, and 14.65% showed “a little bit” of interest. The following was concluded:

(1) Disaster volunteers’ social background variables were related to their willingness to participate

in disaster preparedness. Compared to male volunteers, female volunteers were more willing to

participate. Chinese Communist Party members were more willing to participate than non-members.

(2) Providing accidental life insurance for the volunteers had a positive effect on their willingness to

participate in disaster preparedness. Provision of more training had a negative effect on the volun-

teers’ willingness to participate, indicating a low quality of training. (3) Organizational identification

was positively related to the volunteers’ willingness to participate. According to these results, we

suggest that volunteer organizations should improve their standards and procedures for disaster

volunteer recruitment and selection, and gain a deeper understanding of the needs of the disaster

volunteers in order to better motivate them to participate.

Keywords: volunteering; disaster preparedness; accidental life insurance; training; organizational

identification

1. Background

Disaster preparedness is a core part of disaster risk management and is crucial for
providing an effective response and reducing possible impacts [1]. It is a key indicator
of a community’s emergency preparedness system vulnerability (EPSV) [2]. Volunteers’
participation in disaster preparedness is an effective component of a community’s disaster
mitigation resources. In the Wenchuan Earthquake in 2008, a variety of people survived
because of well-organized disaster relief provided by volunteers. A typical example is
provided by the Sang Zao Middle School, where voluntary and regular disaster prepared-
ness activities successfully helped over 2200 faculty and students escape from the school
buildings within just two minutes. As a result, not a single person was injured or killed.

The Wenchuan Earthquake marks the start of the Disaster Volunteering Era in China.
Since then, disaster preparedness volunteering has been booming, as indicated by the
rapidly increasing number of registered disaster volunteers and organizations across the
nation. However, the volunteers’ actual participation in disaster preparedness activities is
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not proportionately increasing. A survey from China revealed that as few as one-fourth of
the respondents, who were primary care health staff volunteers, participated in emergency
response in the past [3]. The same phenomenon was found in other countries as well [4,5].
Why are volunteers reluctant to participate in disaster preparedness? Previous studies have
explored the determinants of volunteers’ participation in the context of a disaster attack [6],
but they have largely ignored disaster preparedness. The current study contributes to the
research literature by analyzing the factors affecting volunteers’ willingness to participate
in disaster preparedness activities. Moreover, the results will help volunteer organization
managers improve the standards and procedures of disaster volunteer recruitment and
selection, and help them gain a deeper understanding of the needs of the disaster volunteers
to better motivate them to participate in disaster preparedness.

In this paper, we explore the current status of volunteers’ willingness to participate in
disaster preparedness, and then examine the determinants of their willingness to participate.
We adopt as our data set a territory-wide survey from Beijing in 2020. Beijing is under
constant threat of emerging and re-emerging natural disasters. Located in the North
China seismic zone, Beijing is vulnerable to earthquakes. Meanwhile, the rural area of
this city, surrounded by the Yan Mountains, faces constant risks of landslides and floods
in summer. Thus, voluntary participation in disaster preparedness is very important.
There are 140,045 registered disaster volunteers in Beijing, and 71,226 of them belong to
537 volunteer organizations. The organized volunteers are required to provide disaster
prevention and mitigation training to local residents, collect and report risk information,
and organize regular drills and other disaster preparedness activities for local communities.

This paper is organized as follows. First, the factors affecting volunteers’ participation
are reviewed and summarized. Second, the data collection procedures, the measurements
of variables, and the data analysis methods are presented. Third, the results of regression
models are reported. Finally, policy implementation and potential theoretical contributions
are discussed.

2. Theoretical Background and Hypothesis Development

A range of explanations have been offered to account for volunteers’ participation in
disaster response. These can be grouped into three main categories: social background
variables, organizational variables, and attitudinal variables.

2.1. Social Background Variables

The relation between social background and volunteers’ participation has been dis-
cussed relatively thoroughly. The Dominant Status Model of Smith (1994) proposed that
people with a higher socioeconomic status are more likely to volunteer [7]. This model
has received wide attention [8–12]. Borrowing from this model, Wilson and Musick (1997)
established the Resource Model and conceptualized volunteer work as requiring human
capital, social capital, and cultural capital [8]. Based on this model, people who have
surplus financing and feel secure are more likely to volunteer [13]. Many studies have
validated these models, indicating that people with higher education are more likely to
volunteer [14,15].

Disaster social science has also borrowed from Liberal Feminist Theory [16]. Dis-
aster organizations often hold the stereotypical notions that women’s roles in disaster
relief efforts are limited by femininity [16]; however, application studies have revealed
complicated results. Some studies have suggested that volunteer participation is greater
for males [15,17,18]. Some studies have found that participation can be predicted by a
combination of gender and marriage. Andreoni and Payne (2003) found that married males
are more sensitive to the price of donating than are married females [19]. Other studies
show no significant relationship between gender and volunteering [20]. Moreover, studies
on the role of gender in volunteers’ participation under disaster scenarios have been quite
limited [21]. One survey showed that female healthcare workers are less likely to deploy in
the event of a disaster [22].
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Political status should also be taken into account. People who are Chinese Communist
Party (CCP) members are usually expected to be more devoted to community development;
indeed, it has been observed that party members are more willing to volunteer [23].

Based on the analysis above, we propose the following hypotheses:

Hypothesis 1. Male volunteers are more willing to participate in disaster preparedness.

Hypothesis 2. Higher education level has a positive effect on the volunteers’ willingness to
participate in disaster preparedness.

Hypothesis 3. Being a Chinese Communist Party member has a positive effect on the volunteers’
willingness to participate in disaster preparedness.

2.2. Organizational Variables

Volunteering occurs in an organizational context, and thus organizational variables
are highly associated with willingness to volunteer [24]. In general, volunteer organizations
play a vital role in “pushing” and “pulling” volunteers to participate. On the one hand, a
volunteer organization can “push” its members to volunteer by addressing their concerns,
such as inadequate capacity and potential physical or mental risks. The Job Demands–
Resources (JD-R) model proposes a variety of work-related factors that determine an
employee’s well-being [25]. Those factors can be categorized as job demands and job
resources. Job demands refers to the characteristics of the job that require the employees’
physical and/or psychological efforts and cause associated costs. Job resources refer
to the characteristics that help reduce job demands and associated costs. Job resources
are important in assisting the employees in achieving work goals and fulfilling personal
development. For disaster volunteers, participating in disaster preparedness requires
professional knowledge and skills and is sometimes risky. Professional knowledge and
skills reduce the potential risks and help the volunteers fulfill their tasks [26–28]. Accidental
life insurance serves to reduce potential economic loss. From this perspective, disaster
volunteer organizations can provide training, guidance, and accidental life insurance to
the disaster volunteers and thereby enhance their willingness to participate in disaster
preparedness. The positive association between training and people’s willingness to
volunteer in the event of a disaster has been demonstrated by previous studies [29,30].
However, accidental life insurance has not been taken into account. We interviewed some
disaster volunteers, and they all emphasized the importance of accidental life insurance,
especially for mountain rescue-related activities.

Based on the analysis above, we propose the following hypotheses:

Hypothesis 4. Providing accidental life insurance for volunteers has a positive effect on their
willingness to participate in disaster preparedness.

Hypothesis 5. Providing training for volunteers has a positive effect on their willingness to
participate in disaster preparedness.

Hypothesis 6. Providing guidance for volunteers has a positive effect on their willingness to
participate in disaster preparedness.

On the other hand, a voluntary organization can “pull” its members to volunteer
by providing motivation. Clary and Snyder (1998) proposed Functional Perspective as a
way to understand volunteerism [31]. This model assumes that the volunteers’ cognitive
evaluation of the individual benefits derived from volunteering influence their decision to
volunteer. If the volunteers perceive motivational functions in volunteering, they will show
more willingness to volunteer. These functions include altruistic tendencies, protecting
the self from its negative features, developing one’s positive aspects, learning practical
knowledge and skills, developing career-related skills, and expanding or maintaining
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social networks. Positive expectations of behavior have also been found to be important
correlates of disaster preparedness [32,33]. Spiritual rewards, such as acknowledgement
and encouragement from voluntary organization managers or other volunteers, have a
positive effect on the self-efficacy of the volunteers [34]. Developing career-related skills
or knowledge can help one to win an advantage in job hunting and/or promotion. In
Beijing, volunteers can gain certificates of honor by fulfilling their duties. With these
certificates, they can enjoy free access to certain libraries, discounts on haircuts, and other
forms of social services. College volunteers with a certificate of honor usually receive extra
advantages in scholarship competitions.

Based on the analysis above, we propose the following hypotheses:

Hypothesis 7. Providing spiritual rewards for volunteers has a positive effect on their willingness
to participate in disaster preparedness.

Hypothesis 8. Providing certificates of honor for volunteers has a positive effect on their willingness
to participate in disaster preparedness.

2.3. Attitudinal Variables

Social Identity Theory (SIT) proposes that the process of organizational identification
helps mediate the interaction between self-interest and the group interest [35]. If the
volunteers view the achievements of their organizations as beneficial to themselves, they
tend to contribute more effort towards engaging in activities [36].

Based on the analysis above, we propose the following hypothesis:

Hypothesis 9. Organizational identification has a positive effect on volunteers’ willingness to
participate in disaster preparedness.

3. Materials and Methods

3.1. Sampling and Data Collection

The data used in this analysis were collected through the volunteer network of the Bei-
jing Volunteer Association (BVA), founded in 2008, with annual financing from the Beijing
local government. Its major responsibilities include the recruitment, selection, training, and
deployment of volunteers. All the disaster volunteers (spontaneous volunteers without
professional training not included) and organizations in Beijing are registered on its website.
At the time of data collection, there were 140,045 registered disaster volunteers, 71,226 of
whom belonged to 537 disaster volunteer organizations. BVA extensively collaborates with
all levels of government, universities, research institutes, enterprises, communities, and
other NGOs. It has established and co-established a number of sites to provide training,
drill performance, information collecting, and reporting for the disaster volunteers.

Using a convenience sampling method, 1400 volunteers from 537 disaster volunteer
organizations were surveyed online using WeChat (a social media platform used by all
registered volunteers) (Tencent, Shenzhen, China). Of these, 990 questionnaires were
successfully returned for analysis, giving a response rate of 70.7%. The questionnaire
included questions on the social background of the volunteers, basic information on the
disaster organization to which they belonged, the job demands and resources provided by
the organization, the organizational identification of the volunteers, and the volunteers’
willingness to participate in disaster preparedness.

3.2. Measurements

3.2.1. Dependent Variables

Volunteers’ willingness to participate in disaster preparedness was measured by a
self-reported five-point scale by asking “How much do you want to participate in disaster
preparedness-related activities?” Answers were scored on a five-point Likert scale with the
following responses: 1 = “Very Much”, 2 = “A Little Bit”, 3 = “Not Sure”, 4 = “Rather Not”,
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and 5 = “Absolutely Not”. Questions about the sorts of activities in which volunteers were
willing to participate were used as well. The activities mainly included mitigation (e.g.,
providing information of potential hazards) and capacity building (e.g., providing training
for response skills to residents).

The frequency distribution of the dependent variable is shown in Table 1. Overall,
28.08% of the respondents indicated that they were very much ready to participate in
voluntary disaster preparedness; 14.65% of the respondents showed a little bit of interest;
31.41% of the respondents answered “Not Sure”; and the rest answered “Rather not” or
“Absolutely not”.

Table 1. Frequency distribution of the dependent variables (%).

Answers Willingness to Participate

Very Much 28.08
A Little Bit 14.65
Not Sure 31.41

Rather Not 16.87
Absolutely Not 8.99

Total 100

Figure 1 presents the three major types of disaster preparedness activities the respon-
dents were willing to participate in. It can be seen that the most popular activity was
disaster knowledge and skill training (64.7%). Drill organizing ranked second (57.7%). The
results reflect a strong need for practical disaster response knowledge and skills.

 

64.7%

57.7%

7.6%

Figure 1. Distribution of willingness to participate in voluntary disaster preparedness activities.
Note: Gray bar stands for emergency information report. Orange bar stands for drill organizing
activities. Blue bar stands for disaster knowledge and skill training activities.

3.2.2. Independent Variable

There were three sets of independent variables in this analysis. The first set consisted
of social background variables, including gender, education, and political status (whether
a member of CCP). The detailed distribution of these variables is shown in Table 2.

Table 2. Social background variables of the respondents (%).

Variables Freq. Percent Cum.

Gender
Female 641 64.75 64.75
Male 349 35.25 100.00

Education
Middle school and below 17 1.72 1.72

High school 83 8.38 10.10
College and above 890 89.90 100.00

Party
CCP 412 41.62 41.62

Others 578 58.38 100.00

105



Int. J. Environ. Res. Public Health 2021, 18, 4141

The second set consisted of organizational variables, which consisted of how often
the volunteer organization provided the members with training and guidance to ensure
adequate capacity, whether the volunteer organization purchased accidental life insurance
for the members to reduce potential risks, and how often voluntary organizations offered
spiritual rewards or official certificates of honor for the volunteers. A detailed distribution
of the organizational variables is shown in Table 3.

Table 3. Organizational variables of the respondents (%).

Variables Freq. Percent Cum.

Training Provided
Frequently 341 34.44 34.44
Medium 449 45.35 79.80
Seldom 200 20.20 100.00

Guidance Provided
Frequently 288 29.09 29.09
Medium 441 44.55 73.64
Seldom 261 26.36 100.0

Accidental Life Insurance Provided
Yes 443 44.75 44.75
No 547 55.25 100.00

Certification Provided
Frequently 307 31.01 31.01
Medium 424 42.83 73.84
Seldom 259 26.16 100.0

Spiritual Reward Provided
Frequently 195 19.70 19.70
Medium 360 36.36 56.06
Seldom 435 43.94 100.0

The third set consisted of attitudinal variables. The organizational identification of
the disaster volunteers was measured by a self-reported scale by asking “Do you think
becoming a disaster volunteer is your own choice?”, ”Do you think being a disaster
volunteer is important to you?”, ”Do you care about being a disaster volunteer?”, and ”Do
you think giving up the identity of a disaster volunteer would have a negative impact on
you?”. These items were scored on a five-point Likert scale: 1 = “Not at all”, 2= “Little”,
3 = “Hard to say”, 4 = “Some”, and 5 = “Very much”. The mean of the identity degrees was
used as the volunteers’ willingness predictor (Cronbach’s alpha = 0.631). The organizational
identification had a mean value of 2.08 with a standard deviation of 0.63, a minimum value
of 1, and a maximum value of 4.75 (Table 4).

Table 4. Attitudinal variables of the respondents (%).

Variable Observation Mean SD Min Max

Organizational identification 990 2.42 0.50 1 4.75

3.3. Data Analysis Methods

Linear regression models were constructed using willingness to voluntarily partic-
ipate in disaster preparedness as the dependent variable. The statistical software Stata
15.0 (StataCorp LLC, College Station, TX, USA) was used for data analysis.

4. Results

Table 5 presents the results from the regression analyses. Model 1 only included
the social background variables to quantify their influence on willingness to participate.
Compared to male volunteers, female volunteers had a stronger willingness to participate
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in disaster preparedness (β = 0.52, p < 0.001), and thus Hypothesis 1 is rejected. Being a
Communist Party member had a positive effect on volunteers’ willingness to participate
in disaster preparedness (β = −0.22, p < 0.05), and thus Hypothesis 3 is supported. No
significant relation was shown between education and willingness to participate and thus
Hypothesis 2 is rejected. This may be partly because most of the respondents had received
a college degree or above (89.9%).

Table 5. Regression results.

Variables Model 1 Model 2 Model 3

Gender (Female = 1) 0.52 *** 0.45 *** 0.43 ***

Party (not CCP member = 1) −0.22 ** −0.22 ** −0.23 **

Education (Middle school and below as reference
High school −0.19 −0.21 −0.14

College and above −0.19 −0.25 −0.19

Accidental Life Provided (Yes = 1) 0.34 *** 0.33 ***

Training Provided (Frequently as reference)
Medium −0.02 −0.02
Seldom 0.51 0.46 *

Guidance Provided (Frequently as reference)
Medium 0.29 0.24
Seldom 0.03 −0.03

Certificates Provided (Frequently as reference)
Medium −0.04 −0.07
Seldom −0.26 −0.28

Spiritual Rewards Provided (Frequently as reference)
Medium 0.04 −0.01
Seldom 0.05 −0.02

Organizational Identification 0.31 ***

N 990 990 990

R2 0.15 0.16 0.17

Notes: Standard errors in parentheses. ***, **, and * indicate statistical significance at the 1%, 5%, and 10%
levels, respectively.

Model 2 added organizational variables as independent variables. The results show
that providing accidental life insurance for the volunteers had a positive effect on willing-
ness to participate (β = 0.34, p < 0.001). This outcome supports Hypothesis 6. Specifically,
when other conditions remained unchanged, with accidental life insurance provided by
the organization, disaster volunteers’ willingness to participate increased by 0.34 units
on average. No significant relation was found between training, guidance, certificates, or
spiritual rewards and willingness to participate, and thus Hypotheses 5, 6, 7, and 8 are
rejected. The effect of gender and political status was still significant, with a minor change
in gender.

Model 3 added attitudinal factors as independent variables. The results show that
organizational identification was significantly positively related to participation willingness
(β = 0.31, p < 0.001), and thus Hypothesis 9 is supported. Specifically, when other conditions
remained unchanged, for every one-unit increase in organizational identification of disaster
volunteers, their willingness to participate increased by 0.31 units on average. The effects
of gender and political status were still significant. The effects of guidance, certificates,
or spiritual rewards on willingness to participate were still insignificant. There are two
possible explanations for this. One is that the forms and/or content of these measures may
not have been sufficiently well designed. Another possible explanation is that guidance,
certificates, or spiritual rewards failed to satisfy the actual needs of the volunteers. It is
noteworthy that training was partly related to willingness to participate. The outcomes
revealed a result opposite to our Hypothesis 5. Provision of training was negatively
associated with willingness to participate in disaster preparedness, indicating a low quality
of training. More training caused a higher turnover of volunteers.
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5. Conclusions

This study aimed to discover the key factors affecting disaster volunteers’ willingness
to participate in disaster preparedness. Based on prior literature, it categorized these
factors into social background, organizational, and attitudinal factors, and it proposed the
“pulling” and “pushing” factors of organizations for the first time.

Based on a quantitative survey from 990 registered disaster volunteers across Beijing,
we found a weak willingness to participate. Only 28.08% of the respondents indicated that
they were “very much” ready to participate in voluntary disaster preparedness, and 14.65%
showed “a little bit” of interest. These findings are in agreement with prior studies [3–5,37].

Linear regression models were conducted and the following conclusions were found:
(1) Disaster volunteers’ social background variables were associated with their willingness
to participate in disaster preparedness. Contrary to our hypothesis, female volunteers
were more willing to participate in disaster preparedness than male volunteers. It could
be inferred that femininity did not limit the females’ efforts in disaster preparedness. On
the contrary, females may be more caring about the well-being of other people and more
devoted to their communities. Being a CCP member was positively associated with the vol-
unteers’ willingness to participate in disaster preparedness. As mentioned before, people
with traditional virtues, such as being altruistic and devoted to community development,
usually have an advantage when applying to become a CCP member. Education had no
significant effect on the volunteers’ willingness to participate. This may be because most of
the respondents of this survey had received a college degree or above (89.9%). (2) Most of
the organizational variables were not significantly associated with the volunteers’ willing-
ness to participate in disaster preparedness. Among these factors, providing accidental
life insurance for the volunteers had a positive effect on their willingness to participate.
Provision of accidental life insurance would reduce potential loss for volunteers, as some
disaster preparedness activities are risky. Contrary to our hypothesis, provision of train-
ing had an opposite effect. This might indicate that a low quality of training caused the
turnover of the volunteers. Guidance, certificates, and spiritual rewards had no significant
relation to willingness to participate. This indicates the poor quality of the motivating
measures or their failure to satisfy the actual needs of the volunteers. (3) Organizational
identification was positively associated with the volunteers’ willingness to participate and
thus supported our hypothesis.

According to the conclusions above, we propose the following suggestions. First,
organizations should enroll more CCP members as volunteers, considering their stronger
willingness to participate and their commitment to community safety in general. Second,
more family support measures should be taken to support female volunteers. Third, all
disaster organizations are advised to provide accidental life insurance for volunteers who
participate in disaster preparedness. This insurance will provide compensation for poten-
tial loss during disaster preparedness activities and thus reduce the safety concerns of the
volunteers. Fourth, organizations should pay more attention to culture building. Culture
building will enhance organizational identification and thus improve the volunteers’ will-
ingness to participate. Last but not least, the quality and content of the training, guidance,
certificates, and spiritual rewards provided by the volunteer organizations should be im-
proved. The real motivations behind volunteering should be investigated so that more
motivating plans can be made accordingly.

Although this study provides a useful exploration of the correlations between social
background, organizational, and attitudinal variables and the volunteers’ willingness to
participate in disaster preparedness, it has some deficiencies. The findings underscore the
importance of social support, such as family support and work unit support. Moreover,
the situational variables were not discussed here, which might introduce bias into the
results. These supporting factors and situational variables should be taken into account
for further investigation. Last but not least, this study adopted a cross-sectional survey
data methodology to examine the hypotheses, which limited the assessment of causal
inferences [38]. Future studies should use multi-source, multi-level, or longitudinal data.
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Abstract: Medical and Health Organization (MHO) staff’s emergency preparedness awareness and

behaviors are essential variables that affect public health emergency response effectiveness. Based on

the theory of psychological capital and the theory of planned behavior (TPB), this study discusses

the mechanism of the psychological characteristics of MHO staff on their emergency preparedness

behavioral intention (EPBI). To verify the research model, we conducted a web-based questionnaire

survey among 243 MHO staff from China and analyzed the data using the structural equation

modeling software, AMOS 24.0 (IBM, New York, United States). The empirical results reveal that

psychological capital significantly affected cognitive processes theorized by TPB. This study suggests

that the positive psychological capital of MHO staff should be developed and managed to improve

their EPBI.

Keywords: psychological capital; theory of planned behavior; structural equation model; MHO staff;

emergency preparedness behavior

1. Introduction

With deterioration of the natural environment, changes in the international situation,
and the acceleration of domestic, economic, and social reform, the frequency of various
natural disasters, accident disasters, mass incidents, and public health events has shown a
significant upward trend [1–4]. This has become a significant problem affecting economic
development, social governance, and even national security. Globally, China is one of the
countries with severe disaster risk situations; all types of accidents, hidden dangers and
safety risks are prone to occur frequently and continue to evolve into social crises [5]. In
particular, the large-scale spread of COVID-19 in the early stage of the pandemic has caused
some shortcomings in China’s paramount epidemic prevention and control system, public
health emergency management system, etc., especially in prevention and early warning,
advance disposal, emergency material reserve supply, and other aspects of the lack of
necessary adaptability and response [6,7]. Currently, China is in a critical period of moving
from a large developing country to a modern social power; the importance and urgency of
people’s livelihoods and well-being, and social and economic construction, together put
forward higher requirements for the national emergency management level [8]. However,
the key to excellent emergency management is to strengthen emergency preparedness,
which should run through the entire process of dealing with emergencies [7].

Emergency preparedness is a sub-field of emergency management, mainly referring
to the establishment and maintenance of various preparations for emergency prevention,
early warning, response, and recovery. It includes emergency plan formulation, personnel
training, preparation and custody of emergency supplies and equipment, drills within
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the emergency plan, and connection with external emergency forces. Its ultimate goal is
to maintain the emergency capacity and rapid response capacity needed for emergency
rescue in relation to significant accidents and ultimately reduce casualties and unnecessary
losses [9]. The Medical and Health Organization (MHO) is the main institution for the
treatment of diseases and wounds, and its goal is to protect and improve people’s health,
including hospitals, grass-roots medical and health institutions, professional public health
institutions, etc. It is undeniable that no matter what kind of disaster or accident occurs,
MHO staff (e.g., doctors, nurses, hospital administrators, CDC staff, health management
staff) are at the forefront of response. For example, after an emergency public health
incident, the CDC will formulate effective prevention and control measures as soon as
possible; the medical and health teams will also go to the disaster areas to assist in medical
treatment, health prevention and psychological assistance. As the main force of the rescue
effort, they are also the core force in the construction of the national emergency system,
and their emergency preparedness capacity and motivation directly affect the quality of
medical rescue. Therefore, strengthening the emergency preparedness of MHO staff is also
an essential task of national emergency capacity construction [10]. However, currently, few
studies have focused on the MHO staff’s behavior related to emergency preparedness.

In order to fill the gap in this field, we try to use the theory of planned behavior
(TPB) to understand the self-driving mechanism of MHO staff’s emergency preparedness
behavioral intention (EPBI). In this study, EPBI is considered to be the intention of MHO
staff to prepare so as to avoid losses from emergencies. As an essential theory to explain
the general decision-making process of individual rational behavior, TPB is widely used
in the field of behavioral science, and has been proved to have good explanatory and
predictive power of human behavior, and can help researchers understand how people
change their behavior patterns [11–13]. TPB holds that thoughtful and planned behavior
comes from behavior intention, which depends on people’s attitude towards behavior, sub-
jective norms, and perceived behavioral control [14]. However, TPB is not an omnipotent
theory, it has a strict scope of application. For example, TPB is based on the premise of
completely rational people, and cannot explain well the individual behavior related to
emotion and community [15,16]. Therefore, the traditional TPB model is not suitable to
predict and explain all behaviors in specific areas, especially those with a wider range,
higher conditions, more initiative and beyond the formal requirements of the position. In
today’s increasingly tricky emergency management situation, the government calls on
all MHO staff to be prepared for emergencies, and to respond in order to minimize the
damage caused by the accident. These behaviors generally go beyond the job description
of MHO employees, and are undertaken entirely out of personal will and have nothing
to do with the formal reward system, nor the behavior required by the role. This requires
MHO staff to have a broader level of competence, which requires the use a large number of
resources that can motivate them to take the initiative to perform a wider range of tasks.

Therefore, we attempt to add psychological capital (PsyCap) as an antecedent factor
to the TPB model in order to better understand the formation mechanism of MHO staff’s
EPBI, and simultaneously stimulate their subjective initiative to participate in emergency
preparedness work. The psychological capital proposed by the American management
scientist Luthans et al. is regarded as a positive psychological state in the process of indi-
vidual growth and development, a core psychological element beyond human capital and
social capital, and a psychological resource to promote personal growth and performance
improvement, including hope, optimism, resilience, and self-efficacy [17–19]. Among these
factors, hope refers to “a positive motivational state of success based on the interaction
between agents (goal-oriented vitality) and paths (plans to achieve goals)”; optimism is
the characteristic of individuals who “expect things to go their way, and generally be-
lieve that good, rather than bad, things will happen to them”; resilience is “the positive
psychological capacity to rebound, to ‘bounce back’ from adversity, uncertainty, conflict,
failure, or even positive change, progress and increased responsibility”; self-efficacy is a
role-breadth characteristic and is defined as an “employee’s perceived capability of car-
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rying out a broader and more proactive set of work tasks that extend beyond prescribed
technical requirements” [20]. The PsyCap study calls on people to turn their attention to
individuals’ positive, effective, and efficient aspects, rather than focusing on correcting
their problems [21]. Previous studies proved PsyCap to be a kind of psychological quality
similar to the state described, and related to specific tasks, situations, and environment;
it will change with time and has strong plasticity [22]. More studies support this view,
suggesting that PsyCap can be developed through interventions, and influence individual
action processes [23–25]. This makes it possible to develop the PsyCap of MHO staff as
a positive way to promote their EPBI. Moreover, PsyCap is also regarded as a role-width
resource, which is a further expansion and extension of the positive psychological move-
ment in the field of active behavior research, emphasizing the broader role competence of
staff members. It helps staff to participate in out-of-role behavior in a more active state.
Therefore, this study believes that for the emergency rescue work with MHO staff as the
backbone, the positive role that PsyCap can bring is particularly important. It is reasonable
for us to explore the intermediary mechanism of TPB in the process of the influence of
PsyCap on MHO staff’s emergency preparedness behavior.

2. Research Hypotheses and Theoretical Model

2.1. TPB and EPBI

In this study, attitude refers to MHO staff’s evaluation of their psychological tendency
to conduct emergency preparedness. Perceived behavioral control refers to the difficulty
or ease that MHO staff feel when responding to emergency preparedness. Finally, sub-
jective norms refer to the social pressure that MHO staff feel when deciding whether to
conduct emergency preparedness, primarily obtained by consulting or observing others’
behavior [14].

Firstly, TPB believes that an individual’s attitude towards behavior will affect his or her
behavioral intention. In a specific time and environment, individuals can acquire a small
amount of beliefs about behavior, which are the cognitive and emotional basis of attitude.
Among them, individuals with positive beliefs and values about emergency-related content,
knowledge, and skills tend to participate in emergency prevention and preparedness, such
as emergency knowledge popularization activities and emergency training drills [26].
Those who lack such a good attitude will not continue to conduct the relevant preparatory
work [27]. Many previous studies have also confirmed that MHO staff’s attitude towards
behavior has a positive impact on their behavior intention [28–32]. Therefore, this study
infers that a positive emergency attitude indicates a good EPBI. Conversely, a negative
attitude reduces an individual’s EPBI. Based on the above discussion, this study proposes
the following assumption.

Hypothesis 1 (H1). MHO staff’s attitude towards emergency preparedness behavior has a positive
impact on their EPBI.

Secondly, TPB also believes that perceived behavioral control is related to behavior
intention. Perceived behavioral control also emphasizes an individual’s ability to cope with
tasks or make choices to a certain extent, and this ability perception mainly comes from
a sense of self-efficacy [33]. Previous studies have shown that self-efficacy is significant
in improving levels of responsibility taken in an emergency and work enthusiasm of the
MHO staff [34–37]. Among them, MHO staff with high self-efficacy have high expectations
of themselves, are more inclined to choose challenging tasks, and will adhere to their
behavior even if they encounter difficulties [38–40]. Conversely, individuals with low
self-efficacy have low cognition and evaluation of themselves and tend to give up after
being negatively affected [41]. Therefore, this study predicts that the stronger the sense
of control that MHO staff perceive, the more willing they are to participate in emergency
prevention and preparedness. Based on the above discussion, this study proposes the
following assumption.
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Hypothesis 2 (H2). MHO staff’s perceived behavioral control has a positive impact on their EPBI.

Finally, an individual’s behavior is influenced or motivated by the norms observed
in their environment. For example, before the disaster, if the MHO staff noticed that the
people around them (superiors, colleagues, and subordinates) were making preventive
preparations, they were more likely to participate actively in emergency prevention and
preparedness. Conversely, subjective norms also reflect the degree of support of external
factors for MHO staff’s emergency preparedness behavior to a certain extent and play a
vital role in the formation of individual emergency attitudes and perceived behavioral
control [42,43]. For example, when MHO staff think that not taking precautions will
bring them practical benefits, and the people around them do not show any particular
aversion to this behavior, they are likely to treat emergency preparedness with a negative
attitude. However, the establishment of appropriate emergency safety education and
training mechanisms within the organization can effectively improve MHO staff’s working
skills and knowledge level and enhance the confidence and determination of internal staff
to conduct emergency preparedness. Based on the above discussion, this study proposes
the following assumptions:

Hypothesis 3 (H3). The subjective norms of MHO staff will have a positive impact on their EPBI.

Hypothesis 4 (H4). The subjective norms of MHO staff will have a positive impact on their
attitude towards emergency preparedness behavior.

Hypothesis 5 (H5). The subjective norms of MHO staff will have a positive impact on their
perceived behavioral control.

2.2. PsyCap and TPB

Positive PsyCap reflects the following view: Firstly, regardless of whether they are
facing the disaster threat, MHO staff are willing to carry out all kinds of emergency
preparedness work [24]. Secondly, MHO staff with high PsyCap expect that emergency
preparedness will lead to sound rather than bad results and can maintain this firm belief
even if they are affected by adverse events [44]. Thirdly, MHO staff with high PsyCap have
confidence in their competence to perform their roles, including emergency preparedness
and responses to adverse events and potential threats [21]. Therefore, this study predicts
that MHO staff with a higher PsyCap level are more willing to actively participate in
emergency preparedness. Based on this, this study proposes the following assumption:

Hypothesis 6 (H6). MHO staff’s PsyCap has a positive impact on their attitude towards emergency
preparedness behavior.

In recent years, through factor analysis, researchers have found that the standard of
perceived behavioral control is loaded on two factors. The former reflects the belief in
self-efficacy (the individual’s judgment of their ability to perform and complete a particular
behavior), and the latter reflects the belief in control (the influence of external promo-
tional or hindering factors on the individual’s performance of a particular behavior) [45].
However, PsyCap can enhance MHO staff’s confidence that they can perform emergency
preparedness work and MHO staff’s spirit that their emergency preparedness work can
effectively reduce the degree of accident damage. Simultaneously, MHO staff with high
PsyCap can work efficiently with a positive attitude and pay less attention to adverse prob-
lems in their work [46]. Based on the above discussion, this study proposes the following
assumption:

Hypothesis 7 (H7). MHO staff’s PsyCap has a positive impact on their perceived behavioral control.
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As an effective way to enhance inner strength and promote individual growth, PsyCap
can help MHO staff adjust to psychological and physical problems caused by inter-personal
relationships and work stress and improve personal trust and satisfaction [47,48]. Therefore,
MHO staff with a high PsyCap level are more willing to believe that their leaders and
colleagues attach considerable importance to emergency preparedness. Thus, they also
believe that it is imperative to participate in emergency preparedness. Based on the above
discussion, this study proposes the following assumption:

Hypothesis 8 (H8). MHO staff’s PsyCap has a positive impact on their subjective norms.

2.3. The Intermediary Role of Attitude, Perceived Behavioral Control, and Subjective Norms

With careful consideration of Hypothesis 1 to Hypothesis 8, this study puts forward
the intermediary hypothesis of attitude, perceived behavioral control, and subjective
norms. Based on the previous discussion, this study holds that the positive PsyCap of
MHO staff will have a positive impact on their attitude towards emergency preparedness
behavior, perceived behavioral control and subjective norms. And these factors will also
positively affect their EPBI. Therefore, we have reason to expect that MHO staff’s attitude,
perceived behavioral control and subjective norms may play an intermediary role between
PsyCap and EPBI. In addition, we also believe that MHO employees’ subjective norms will
promote their attitude and perceived behavioral control, and this study also proposes the
intermediary role of attitude and perceived behavioral control between subjective norms
and EPBI. The specific assumptions are as follows:

Hypothesis 9 (H9). The attitude towards emergency preparedness behavior of MHO staff acts as
an intermediary between PsyCap and EPBI.

Hypothesis 10 (H10). The perceived behavioral control of MHO staff acts as an intermediary
between PsyCap and EPBI.

Hypothesis 11 (H11). The subjective norms of MHO staff act as intermediaries between PsyCap
and EPBI.

Hypothesis 12 (H12). The attitude towards emergency preparedness behavior of MHO staff acts
as an intermediary between subjective norms and EPBI.

Hypothesis 13 (H13). The perceived behavioral control of MHO staff acts as an intermediary
between subjective norms and EPBI.

Figure 1 illustrates the theoretical model.
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Figure 1. The model of influencing factors of MHO staff’s EPBI.
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3. Methods

3.1. Study Design

We used the method of questionnaire survey to test the research model. The data
sources of this study were accurate and reliable. Firstly, to avoid the systematic error caused
by the deviation of the standard method, this study invited five doctoral students of related
majors to revise the questionnaire repeatedly to make the question items as concise and
easy to understand as possible. To avoid individual repetition, we set the questionnaire
to be answered only once per IP address. Secondly, to encourage the participants to
answer the questions frankly and truthfully, the online questionnaire used in this study
provided complete anonymity—the researchers never knew the identity of the interviewees.
Further, the survey was conducted and analyzed outside the organization—enhancing the
interviewees’ perceived anonymity and actual anonymity. Finally, to ensure the diversity
of data sources, this study selected a group of staff composed of staff from different MHOs
in China as the research cohort. The use of group samples increases the certainty that
the sampling population will accurately represent the target population, and the survey
subjects are MHO staff. Therefore, the survey results are more likely to be extended to all
MHO workers’ groups.

3.2. Measures

The measurement scales used in this study were adapted from the maturity scale
proposed by previous scholars. We invited relevant professionals to translate repeatedly to
avoid measurement errors caused by semantic differences. Considering that if a potential
variable is measured by three or more observation variables, the estimation deviation of
the model parameters is almost zero, this study retained three questions for each potential
variable. The measurement items of PsyCap were adapted from the questionnaire of
Luthans et al. (2007) [49]. The respondents used a 6-point Likert scale to score, ranging from
“1 = strongly disagree” to “6 = strongly agree”—the higher the score, the higher the PsyCap
level. The measurement items of attitude, subjective norm, and perceived behavioral
control were adapted from the questionnaire of Ajzen (2006) [50]. The measurement items
of EPBI were adapted from the questionnaires of Miceli et al. (2008) [51], Murphy et al.
(2009) [52], Paek et al. (2010) [34] and Hong et al. (2019) [53]. The respondents scored with
a 5-point Likert scale, ranging from “1 = strongly disagree” to “5 = strongly agree”. The
measurement items of each variable are shown in Table 1. In addition, it was considered
that the factors that affect individual emergency preparedness behavior were complex
and multifaceted, including demographic characteristics, previous disaster experience,
etc., [54–56]. Therefore, gender, age, education, occupation, department and experience
were selected as control variables in this study.

3.3. Study Participants

Initially, the survey received responses from 289 MHO staff. After excluding incom-
plete answers and screening out spoiled solutions (for example, the options checked in the
whole questionnaire were all the same), it was determined that the number of valid samples
was 243, and the effective recovery rate was 84.1%. Among the participants, 80.7% were
female, 37.4% were aged between 18 to 24, 72.1% had a Bachelor’s degree or above, and
45.7% were nurses. Additionally, 40.7% of the respondents supported Wuhan during the
“COVID-19” epidemic. Table 2 shows the demographic characteristics of the participants.
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Table 1. Measurement items of latent variables.

Variables Measurement Items

HP
1. If I should find myself in a jam, I could think of many ways to get out of it.
2. At the present time, I am energetically pursuing my training goals.
3. There are lots of ways around any problem.

OP
1. When things are uncertain for me at work, I usually expect the best.
2. I’m optimistic about what will happen to me in the future as it pertains to work.
3. I approach this job as if “every cloud has a silver lining.”

RES
1. When I have a setback at work, I have trouble recovering from it, moving on.
2. I usually take stressful things at work in stride.
3. I feel I can handle many things at a time at work.

SE
1. I feel confident analyzing a long-term problem to find a solution
2. I feel confident in representing my work area in meetings with management.
3. I feel confident contacting people outside my organization (e.g., patients) to discuss problems.

AT
1. I think it is important to participate in emergency preparedness.
2. I think it is beneficial to participate in emergency preparedness.
3. I think it is necessary to participate in emergency preparedness.

SN
1. My families encouraged me to participate in emergency preparedness.
2. My friends encouraged me to participate in emergency preparedness.
3. My managers encouraged me to participate in emergency preparedness.

PBC
1. I have enough skills of emergency preparedness.
2. I have enough knowledge of emergency preparedness.
3. I have sufficient resources for conduct emergency preparedness.

EPBI
1. I will actively participate in the emergency drills in response to major emergencies.
2. I will actively participate in the preparation of public health emergency plans.
3. I will actively popularize the knowledge and skills related to prevention of public health
emergencies to the people around me.

Note: HP = hope; OP= optimistic; RES = resilience; SE = self-efficacy; AT = attitude; SN = subjective norms; PBC = perceived behavioral
control; EPBI = emergency preparedness behavioral intention.

Table 2. Distribution of demographic characteristics of respondents.

Variables Classification Quantity Percentage

Gender Male 47 19.3
Female 196 80.7

Age 18~24 91 37.4
25~30 29 11.9
31~40 70 28.8
41~50 41 16.9
51~60 12 4.9

Education Senior high school degree or below 10 4.1
College degree 58 23.9
Bachelor degree 152 62.6
Graduate degree or above 23 9.5

Occupation Doctor 58 23.9
Nurse 111 45.7
The administrative staff of the hospital 12 4.9
The professional staff of the CDC 1 0.4
The administrative staff of the CDC 3 1.2
The administrative staff of other health management departments 15 6.2

Department Respiratory department 12 4.9
Infection department 2 0.8
Critical care department 2 0.8
Otolaryngology Department 1 0.4
Operating Room 5 2.1
Emergency department 4 1.6
Others 217 89.4

Experience He/she had the experience of assisting Wuhan during the epidemic 99 40.7
He/she had no experience of assisting Wuhan during the epidemic 144 59.3
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3.4. Data Analysis

In this study, we analyzed the data in three steps. In the first stage, the reliability
and validity of the measurement model were tested. In the second stage, the fitness of the
structural equation model was tested. In the third stage, the structural equation model was
used to test the hypotheses. SPSS 26.0 (IBM, New York, NY, USA) and AMOS 24.0 (IBM,
New York, NY, USA) were used to analyze data.

4. Results

4.1. Reliability and Validity Testing

Although all the scales in this study have been recommended, their reliability and
validity still need to be evaluated. Firstly, SPSS 26.0 was used to test the reliability of
the questionnaire data. The results show that the Cronbach’s α coefficient of the whole
questionnaire data is 0.960, and that of each variable is more significant than 0.8, indicating
that the internal consistency of the scale used in this study is promising.

Secondly, we use AMOS 24.0 software to analyze the validity of the questionnaire
data, including the content validity test, convergent validity test, and discriminant validity
test. The results show the following: First, except for one observation variable’s standard
factor load coefficient between 0.6 and 0.7, the other observation variables are all above
0.7; all of them have reached a significant level, indicating that the questionnaire has
good content validity. Second, the composite reliability (CR) of each variable is more
significant than 0.8, and the average variance extracted (AVE) is more significant than
0.6, indicating that the scale has good convergent validity. Third, there is no obvious
distinction between the four substructures of PsyCap, but there is obvious differentiation
between these four substructures and other variables, as well as other variables. Previous
studies have conceptualized PsyCap into a higher-order structure [49]. Compared with
the first-order structure, there are common potential factors among the substructures
of the higher-order structure, and there is no need to show discriminant validity [20].
Therefore, the scale in this study has good discriminant validity. In summary, the scale
developed in this study has high reliability and validity, and Tables 3 and 4 show the
specific analysis results.

Table 3. Analysis of reliability, content validity, and convergent validity of the scale.

Latent Variables Observation Variables Mean SD Estimate CR AVE Cronbach’s α

HP
HP1 4.69 0.848 0.830

0.841 0.638 0.841HP2 4.74 0.859 0.807
HP3 4.86 0.753 0.758

OP
OP1 4.71 0.891 0.891

0.921 0.796 0.921OP2 4.73 0.891 0.901
OP3 4.79 0.852 0.885

RES
RE1 4.86 0.766 0.746

0.860 0.672 0.849RE2 4.51 0.981 0.888
RE3 4.47 1.017 0.820

SE
SE1 4.74 0.819 0.697

0.834 0.628 0.835SE2 4.70 0.878 0.830
SE3 4.71 0.887 0.842

AT
AT1 4.33 0.588 0.849

0.931 0.818 0.926AT2 4.36 0.589 0.948
AT3 4.36 0.610 0.913

SN
SN1 4.04 0.751 0.859

0.884 0.719 0.874SN2 4.07 0.692 0.913
SN3 4.19 0.666 0.765

PBC
PBC1 3.74 0.874 0.821

0.908 0.767 0.903PBC2 3.82 0.798 0.864
PBC3 3.66 0.877 0.939

EPBI
EPBI1 4.18 0.674 0.884

0.891 0.732 0.887EPBI2 4.18 0.668 0.892
EPBI3 4.20 0.700 0.787
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Table 4. Analysis of discriminant validity of the scale.

Variables HP OP RES SE AT SN PBC EPBI

HP 0.799
OP 0.873 *** 0.892
RES 0.922 *** 0.923 *** 0.820
SE 0.976 *** 0.814 *** 0.837 *** 0.792
AT 0.535 *** 0.536 *** 0.445 *** 0.501 *** 0.904
SN 0.586 *** 0.586 *** 0.562 *** 0.598 *** 0.747 *** 0.848

PBC 0.578 *** 0.643 *** 0.662 *** 0.594 *** 0.532 *** 0.723 *** 0.876
EPBI 0.635 *** 0.637 *** 0.570 *** 0.596 *** 0.821 *** 0.650 *** 0.606 *** 0.856

Note: *** p < 0.001; The diagonal of the matrix is the square root of the AVE, and below the diagonal is the correlation coefficient
between variables.

4.2. Model Fitting

After testing, we found the absolute value of skewness of each observed variable was
between 0.155 and 1.140, and the absolute value of kurtosis was between 0.022 and 3.520,
so the data formed a normal distribution. The Chi-square versus Mahalanobis distance
diagrams of variables were drawn by using the extension program “Normaltest_V1.0” of
SPSS 26.0 software. The points in the map approximately formed a straight line, and the
combination of all observed variables was close to multivariate normal distribution, so
the maximum likelihood estimation method was used to estimate the model parameters.
Considering that the overall fitting index value of the model is easily affected by the number
of samples, this study selected χ2/df, RMR, RMSEA, and other indicators to verify the fit
of the model and data. The results showed that all the indexes reached or approached the
range of recommended standards (χ2/df = 2.677, RMR = 0.286, RMSEA = 0.083, TLI = 0.867,
CFI = 0.880, IFI = 0.881), and there was a good fit between the model and the data. Figure 2
shows the structural model of this study.

staff’s attitude towards 
emergency preparedness (β = 0.742, behavioral control (β = 0.286, 

staff significantly affected their attitude (β
rol (β = 0.494, 

attitude towards emergency preparedness behavior (β = 0.152, 
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Figure 2. Structural equation model diagram of the influence of PsyCap on EPBI.
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4.3. Hypotheses Testing

Based on the premise that the above model fits well, we tested the hypothesis of this
study, and Table 5 shows the specific results. Among them, MHO staff’s attitude towards
emergency preparedness (β = 0.742, p < 0.001) and perceived behavioral control (β = 0.286,
p < 0.001) significantly affected their EPBI, supporting Hypothesis 1 and Hypothesis
2. Furthermore, the subjective norms of MHO staff significantly affected their attitude
(β = 0.648, p < 0.001) and perceived behavioral control (β = 0.494, p < 0.001), Hypotheses
4 and 5 were supported. Finally, the PsyCap of MHO staff had a significant influence on
their attitude towards emergency preparedness behavior (β = 0.152, p = 0.022), perceived
behavioral control (β = 0.367, p < 0.001), and subjective norm (β = 0.608, p < 0.001),
Hypotheses 6–8 were supported. However, the subjective norms of MHO staff (β = −0.097,
p = 0.087) did not significantly impact their EPBI, and Hypothesis 3 was not supported.
A reasonable reason for this result may be bias in the study design. For example, there is
no unified consensus on the definition of subjective norms in this study. However, this
study mainly adopts mandatory subjective norms, whether the essential people around
them support their EPBI, but does not consider the demonstrative subjective normative
structure, such as how the important people around them do it themselves. Conversely, it
may be because most human behaviors are under the control of self-will; thus, the EPBI
of MHO staff is more affected by their attitude and perceived sense of behavioral control,
making the role of subjective norms relatively weak.

Table 5. Path coefficient estimation and hypothesis test of the model.

Hypotheses β Coefficient S.E. C.R. p-Value Is it Established?

Hypothesis 1:AT→EPBI 0.742 0.086 9.481 <0.001 Yes
Hypothesis 2:PBC→EPBI 0.286 0.054 3.934 <0.001 Yes
Hypothesis 3:SN→EPBI −0.097 0.087 −1.051 0.293 No
Hypothesis 4:SN→AT 0.648 0.064 8.745 <0.001 Yes
Hypothesis 5:SN→PBC 0.494 0.086 7.291 <0.001 Yes
Hypothesis 6:PsyCap→AT 0.152 0.065 2.294 0.022 Yes
Hypothesis 7:PsyCap→PBC 0.367 0.099 5.377 <0.001 Yes
Hypothesis 8:PsyCap→SN 0.608 0.080 8.639 <0.001 Yes

In testing the mediating effect, we consider that the commonly used Sobel method has
some limitations. Therefore, this study chooses the bootstrap method to test the mediating
role of attitude, perceived behavioral control, and subjective norms in the three paths
based on 5000 repeated samplings [57,58]. Table 6 lists specific verification results. Among
them, the confidence interval of intermediary pat 1© under the Bias-Corrected method
at 95% confidence level is [0.005, 0.279], and the p-value is 0.040. The results show that
the indirect effect is significant, and its estimated value is 0.122, supporting Hypothesis 9.
The confidence interval of intermediary path 2© under the Bias-Corrected method at 95%
confidence level is [0.024, 0.262], and the p-value is 0.003. The results show that the indirect
effect is significant, and its estimated value is 0.113, supporting Hypothesis 10. According
to the same method of judgment, we found that paths 4© and 5© were also significant,
supporting Hypotheses 12 and 13. However, the confidence interval of intermediary path
3© under the Bias-Corrected method at 95% confidence level is [−0.227, 0.076], and the

p-value is 0.303. The results show that the indirect effect is not significant, Hypothesis 11
was not supported, echoing the fact that Hypothesis 3 is not valid in the hypothesis test.
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Table 6. Test results of mediating effect of the model.

Paths
Indirect Effect

Bias-Corrected

Significance95%CI

Estimate Lower Upper p-Value

1©PsyCap→AT→EPBI 0.122 0.005 0.279 0.040 Significant
2©PsyCap→PBC→EPBI 0.113 0.024 0.262 0.003 Significant
3©PsyCap→SN→EPBI −0.063 −0.227 0.076 0.303 Not significant
4©SN→AT→EPBI 0.452 0.310 0.703 <0.001 Significant
5©SN→PBC→EPBI 0.133 0.055 0.250 0.002 Significant

Note: Lower= lower limit confidence interval; Upper = upper limit confidence interval.

5. Conclusions and Suggestions

With the continuous spread of global social risks, the emergency management system
plays an increasingly important role in China’s national governance system [59]. However,
improving the awareness of MHO staff’s emergency preparedness is a crucial way to
enhance the foresight, scientificity, and initiative of emergency management. This study
focused on the perspective of positive psychological movement and extended the theory of
planned behavior by integrating PsyCap to investigate the mechanism by which EPBI is
formed. Almost all the hypotheses were supported. The main results of this study are as
follows: (1) Attitude and perceived behavioral control had significant positive effects on
MHO staff’s EPBI, and subjective norms can positively influence attitude and perceived
behavioral control. (2) Although subjective norms do not have a direct impact on EPBI,
they will have an indirect impact through the intermediary roles of attitude and perceived
behavioral control. (3) PsyCap had a significant influence on the decision-making process
of MHO staff’s emergency preparedness behavior. Specifically, PsyCap had significant
positive effects on attitude toward emergency preparedness behavior, subjective norms,
and perceived behavioral control. Additionally, PsyCap affected MHO staff’s EPBI through
the intermediary effects of attitude and perceived behavioral control.

5.1. Theoretical Contribution

Firstly, in the context of China, TPB can be used to predict and explain the intention
of emergency preparedness behavior, which further expands the application field of TPB.
Secondly, external motivation and internal opportunity work together to affect the EPBI of
MHO staff. Most of the previous literature considered the influence of external environ-
mental factors on the formation of EPBI, but seldom considered the influence of individual
internal factors. However, the impact of external drivers on EPBI is not real-time and
effective, which largely depends on individual self-management. Therefore, this study
integrates the theoretical viewpoints in the field of positive psychology and organizational
behavior, and further discusses the self-driving mechanism of MHO staff’s EPBI. Talking
about the influence of PsyCap on EPBI enriches the existing research literature in the field of
emergency preparedness, and its conclusions deepen our understanding of the formation
mechanism of EPBI. Finally, this study complements the original TPB model by including
role-width resources that can promote individuals to perform a broader range of tasks,
which provides a more perfect theoretical model for predicting role-width behavior in
MHO staff’s behavior database and provides an important update consideration for the
development of a comprehensive behavioral model.

5.2. Practical Significance

Understanding the influence of TPB on EPBI and the influence of PsyCap on behavioral
decision-making process are of great significance to the practical application of positive
psychology and organizational behavior theory. Firstly, considering the impact of TPB
mechanism on EPBI, management can take corresponding measures to encourage MHO
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staff to develop the necessary safety skills and knowledge, and stimulate their EPBI in
multiple ways. These measures are as follows:

(1) Cultivate crisis awareness and improve the psychological risk reserve of MHO staff.
(2) Strengthen the training of emergency knowledge to make MHO staff fully aware of

the significance and value of EP.
(3) Conduct emergency practice drills to enhance the confidence of MHO staff in dealing

with unexpected accidents.
(4) Establish emergency logistics support work to ensure MHO workers’ health and life

safety, etc.

Additionally, the influence of PsyCap on the behavioral decision-making process
also provides a unique opportunity for managers to improve the enthusiasm of MHO
staff to carry out emergency preparedness work. Managers can develop the PsyCap of
MHO staff at the sub-structure or macro-level to improve their attitude towards emergency
preparedness behavior, perceived behavioral control and subjective norms. The following
are several measures to develop the PsyCap of MHO staff:

(1) Involve MHO staff in the process of preparing emergency preparedness and response plans.
(2) Make realistic and optimistic expectations to counteract the pessimism of MHO staff

about emergency preparedness.
(3) Reinforce the transferable value of emergency preparation behavior in the career

development of MHO staff.
(4) Provide positive feedback to MHO staff who are actively involved in emergency

preparedness, etc.

5.3. Limitations and Prospect

This study has important theoretical and practical significance for understanding
and stimulating MHO staff’s EPBI, but there are still some limitations. First, the subjects
of this study are MHO staff, and the original data were collected through the form of a
network questionnaire; hence, the homologous bias cannot be eliminated. Therefore, the
research method should be further improved in subsequent studies. Second, the model in
this study only considered the mediating effect and did not involve moderating variables.
Therefore, future studies should consider more influencing variables to make the results
more objective and comprehensive. Finally, the samples used in this study to verify the
hypothesis are from China, and whether the research results can be inferred in other
countries (regions) needs to be further verified. Follow-up research can increase the scope
of the survey and sample size, so that the research results can adapt to a wider range of
research objects, and improve the external validity of the research results.
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