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ARTICLE INFO ABSTRACT
Keywords: In the post-epidemic era, public panic has emerged as a highly significant secondary disaster,
Public panic necessitating an urgent enhancement of emergency management capabilities by governments at

Fuzzy petri nets

. all levels. In order to ensure a robust assessment of the government’s ability to manage public
Emergency management capability

Indicator system p.anic, it .is crucial to effectively address the influence of uncertain and ambi.guous factors asso-

Strategy sets ciated with such scenarios. This paper proposes a governmental public panic emergency man-

COVID-19 agement capability assessment method based on fuzzy Petri nets. By analyzing the factors
influencing public panic across the four evolutionary stages, namely gestation, outbreak, diffu-
sion, and fading, we establish a hierarchical evaluation index system for assessing emergency
management capabilities. Additionally, we develop a range of multi-scenario emergency man-
agement strategies. To address the challenges posed by uncertainty, randomness, fuzziness, and
insufficient statistical data within the assessment index system, we introduce fuzzy Petri nets and
fuzzy reasoning rules to evaluate the emergency management capability of the assessment system
and derive the optimal emergency management strategy. According to example simulations, the
effectiveness and practicality of models and rules constructed using fuzzy Petri nets are demon-
strated, highlighting their superiority over traditional assessment methods. This comprehensive
approach equips the government with a versatile toolkit for effectively managing public panic
emergencies.

1. Introduction

The outbreak of the COVID-19 pandemic in 2019 had a significant impact on the lives of people worldwide. Nowadays, although
the impact of the pandemic has gradually diminished, local outbreaks of the virus still occur frequently due to its continuously pro-
duced variants. In addition, outbreaks of acute hepatitis of unknown origin in children, monkeypox, and dengue fever have appeared in
various regions, and we can predict that humans may experience more viral and microbial effects in the future. Therefore, public panic
during an epidemic outbreak is a common reaction, and its most significant features are a loss of individual emotional self-control and
the heightened tendency to engage in irrational behavior. In the era of traditional media, individual panic had limited channels of
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transmission and did not easily become widespread public panic, so the negative impact on society was not prominent [1-3]. However,
in the era of social media, the traditional limitations of spatial and temporal risk communication have been shattered. The dissemi-
nation of panic is no longer confined to one-way or one-to-many offline communication; instead, it has evolved into a multidimen-
sional communication paradigm, characterized by multiple focal points and intersecting vertical and horizontal channels [4]. This new
communication landscape facilitates the rapid proliferation of countless communication pathways within a short span of time,
amplifying the potential for unpredictable mutations and intensification of public panic [5]. Concurrently, the incorporation of
numerous interest algorithms and associative relationships within social media platforms renders individual members of the public
highly susceptible to becoming ensnared in echo chambers of similar information. Consequently, this phenomenon engenders
cognitive imbalances, weakens social rationality, and reinforces biased perceptions, potentially culminating in confrontations with
outbreak prevention and control measures and the erosion of societal norms, among other extreme behaviors [6]. This has a significant
impact on the spiritual order, economic order, and even political order [7].

It can be seen that public panic is characterized by mutability, interactivity, high propagation, high risk, etc. Furthermore, panic, as
an emotional state, remains largely imperceptible until the outbreak of irrational behaviors, posing significant challenges to the
government’s emergency management efforts. However, in the post-epidemic era, characterized by frequent disease outbreaks, public
panic and the subsequent emergence of irrational behaviors have evolved into a crucial secondary disaster that accompanies sudden
epidemics and disasters. Consequently, the development of emergency management capabilities specifically tailored to address public
panic has emerged as a pressing issue within the government’s emergency management system, demanding urgent attention [8].
Within this context, our study undertakes a comprehensive examination of the diverse factors that impact public panic during sudden
outbreaks. We establish a hierarchical evaluation index system for emergency management capability and develop a set of
multi-scenario emergency management strategies. Furthermore, we employ a problem-specific evaluation methodology to address
these factors. The overarching objective of our research is to mitigate public panic through scientific and effective measures, enhance
the government’s emergency management capability, and safeguard social harmony and stability.

The remainder of this essay is organized as follows: Section 2 is a literature review, which describes the current state of research on
public panic as well as emergency management capacity assessment; Section 3 is a methodology, which constructs the FPN assessment
model and reasoning rules; Section 4 is a case study, which calculates for a typical case; Section 5 is a discussion, primarily dedicated to
discussing the computational results and the research’s value; Section 6 is a conclusion, which mainly summarizes the study.

2. Literature review

Reviewing existing studies, scholars have accumulated findings on public panic. They have explored various aspects, such as the
measurement of public panic, the analysis of its causes and evolution, and intervention initiatives. In terms of measurement, traditional
psychologists have developed measurement tools for public panic based on the structural dimension of panic response identification
measurement [9,10]. Additionally, as social media has grown, some researchers have mined public panic data using computer crawler
technology and developed emotion calculation models to measure public panic [11-13]. Causal, evolutionary and intervention an-
alyses have considered the influences on individual panic perceptions [14,15] and environmental resource conditions [16].
Furthermore, many scholars have analyzed public panic by constructing mathematical models from the perspectives of machine
learning [17], disaster chains [18], and action decision making [19] to explore effective intervention methods and emergency
decision-making systems. Studies have been conducted from different theoretical perspectives that have provided understanding and
management of public panic. However, the governance of public panic during sudden outbreaks is a complex project in which the
government is the most critical subject [20-22]. The level of contemporary governance is reflected in part by the government’s
emergency management capability with regard to sudden disasters and secondary disasters. However, the majority of research on
governments’ emergency management capabilities has centered on production safety accidents and natural disasters, particularly on
the emergency response capability for sudden disasters [23,24]. After the COVID-19 pandemic outbreak, academics paid attention to
the emergency management of public health events, but there has been less research on the secondary disasters of the epidemic.
However, public panic, as the primary secondary disaster of the sudden epidemic, plays a catalytic and escalating role in the devel-
opment of epidemic events and has a significant impact that cannot be ignored. For instance, several researchers have found that
widespread panic may lead to irrational actions such as hoarding foods and medical squeezes [25,26] as well as unfavorable outcomes
such as a "stranger society" and racism [27,28]. Therefore, a focused evaluation of the government’s emergency management capa-
bilities is required for secondary disasters caused by epidemics, i.e., widespread panic.

Numerous academics domestically and internationally have carried out pertinent research in emergency management capacity
assessment in an effort to strengthen the government’s emergency management capabilities. Establishing an evaluation index system
for emergency management capacity is a necessary step before developing emergency management capacity and has combined expert
scoring, key element verification, hierarchical analysis [29,30], and fuzzy comprehensive evaluation based on the indicator system
[31]. Additionally, different improvements have been made by experts and scholars to further strengthen the applicability of the
method. To address the impact of variations in expert experience and linguistic descriptions, Xu Shuo et al. proposed a method for
evaluating emergency management capabilities in emergencies based on D-number preference relations that improved hierarchical
analysis and the approximate ideal solution ranking method [32]. By improving the hierarchical analysis method, Tan Xiaoqun et al.
proposed a multilevel fuzzy comprehensive evaluation method for the comprehensive assessment of cross-regional government
emergency management capabilities [33]. However, these assessment methods are difficult to effectively eliminate subjectivity and
randomness in the process of evaluating emergency management capabilities and lack the ability to present them graphically in a
concise and intuitive manner. Especially when dealing with complex evaluation issues such as public panic, the applicability of these
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traditional assessment methods is somewhat limited due to the ambiguity and complexity of the information, the strong correlation of
influencing factors, and the large number of subjects of interest involved.

In addition, from the innovation of evaluation methods, the fuzzy Petri net (FPN) is a new modeling and analysis tool that has been
proposed in recent years. On one hand, this approach is derived from Petri nets, inheriting numerous advantages associated with this
modeling technique, such as clear and flexible rules for generating models, modular design principles, strong generality, and the ability
to intuitively depict the relationships that trigger changes in knowledge [34]. Notably, by utilizing matrix-based reasoning operations,
it overcomes the limitations of traditional knowledge representation methods, which struggle to handle parallel reasoning, ultimately
leading to improved reasoning efficiency [35]. On the other hand, fuzzy Petri nets (FPNs) enhance the representation and processing
capabilities of fuzzy knowledge within the framework of traditional Petri nets. This extension allows for a more comprehensive
representation and utilization of fuzzy knowledge that aligns with human thinking and cognition. Consequently, fuzzy reasoning can
be effectively applied, particularly in addressing research problems characterized by high levels of uncertainty, ambiguity, and
randomness [36,37]. Therefore, it is widely used in transportation [38,39], robotics [40,41], and electric power [42], showing its
advantages in risk assessment. Specially, some scholars have expanded and innovated on the basis of evaluating models. They
established certain reasoning rules to infer and explore reasonable action plans based on the evaluation results, providing new ideas for
problem solving in high ambiguity and uncertainty scenarios [43-45]. For example, Zhou et al. conducted safety risk assessment in the
chemical industry using fuzzy Petri nets and proposed a safety risk inference method based on matrix operations. This method helps
enterprises take targeted measures to reduce safety risks [46]. Guo et al. developed a comprehensive risk evaluation method using the
FPN model for long-distance oil and gas transportation pipelines. Meanwhile, they used fuzzy inference rules to provide decision
support for risk management of oil and gas pipelines, aiming to reduce risks [47]. Due to the characteristics of the epidemic-induced
public panic, such as its invisibility, mutability, interactivity, high propagation, and high risk, the evaluation of emergency man-
agement capability concerning public panic necessitates a reasoning and evaluation approach that aligns more closely with human
thinking and cognition. Particularly in scenarios characterized by high levels of uncertainty, vagueness, and stochasticity, the ad-
vantages offered by fuzzy Petri nets (FPNs) become evident [48]. Fuzzy Petri nets leverage expert knowledge and experience to
establish inference rules that are clear, simple, easy to comprehend, and amenable to simulation. Furthermore, they can overcome the
limitations posed by the lack of statistical data in public panic research. Considering these factors, this study selects FPN as the
preferred method for investigating the capacity of governmental emergency response to public panic, aiming to develop a valuable and
reliable tool.

In conclusion, the research on the emergency management capacity of secondary disasters, particularly public panic, faces several
challenges. Firstly, existing studies primarily focus on the emergency response capacity for general emergencies, while paying little
attention to evaluating the emergency management capacity specifically for public panic within the emergency response context.
However, in the current social media communication environment, public panic has emerged as an essential secondary disaster,
necessitating an urgent need for governments at all levels to enhance their emergency management capacity for public panic.
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Secondly, as a secondary disaster rooted in psychological perceptions, public panic possesses unique characteristics. The existing
evaluation methods fail to effectively address the uncertainties, randomness, fuzziness, and insufficient statistical data associated with
the influencing factors of public panic. Consequently, the conventional methods used in general disaster emergency management
capacity research cannot be directly applied to the evaluation of public panic.

To solve the above problems. Based on life cycle theory, this paper divides the evolution of public panic into several stages, es-
tablishes a hierarchical assessment index system from multiple perspectives, uses the parallel computing capability of fuzzy Petri nets
to address the relationships among influencing factors, evolution stages and different subjects, and establishes a systematic FPN
assessment model and reasoning rules (the logic block diagram is shown in Fig. 1) to realize a comprehensive assessment and analysis
of multiple subjects and the process of governmental public panic emergency management to provide powerful support for emergency
management decision-making. At the same time, it provides a new research idea for the prevention and management of public panic.

3. Construction of the model
3.1. Establishment of the index system

The government’s emergency management of public panic during a sudden epidemic involves a multistage and complex integrated
emergency network system, and similar life-cycle partitioning can also be applied. The theory suggests that each element has different
characteristics throughout the process, from the creation to the end of the crisis; that there are differences in their characteristics at
each stage of the development of the crisis; and that there are differences in the evolutionary stages of the life cycle that are not
completely linear [49,50]. Furthermore, the earlier crisis factors are discovered, the easier it is to do away with them and prevent or
lessen the negative effects of the crisis [51]. In summary, this study divides the development of public panic into four stages, the
gestation period, outbreak period, diffusion period, and fading period, based on Stephen Fink’s division of crisis communication of
emergencies [52], as shown in Fig. 2.

Based on this, this study uses the public panic life cycle in an outbreak as a data dimension, perceives the fluctuation of event
content and emotion in each stage of the life cycle and divides the public panic evaluation index system into six subsystems: a risk
perception system, a pre-security system, a monitoring and warning system, an emergency response system, an emotional guidance
and reconstruction system, and an emergency review system. Each of these subsystems plays a crucial role in the government’s ability
to respond to emergencies when they occur. The analysis of the influencing factors of the urban emergency response system and related
literature [53-55], as shown in Table 1, led to the establishment of a governmental public panic emergency response capability
assessment index system based on life cycle theory, which includes 6 secondary indicators and 36 tertiary indicators.

3.2. FPN assessment model

3.2.1. Construction of the FPN assessment model
The evaluation index system (Table 1) is transformed into an FPN assessment model through the basic fuzzy rule logic relationship
[56,57], as shown in Fig. 3.

3.2.2. Reasoning steps
To more clearly express the assessment model of government emergency management capabilities [58-60], it is defined as a
7-tuple:

FPN=P,T,1,0,U,A, M) €))

As shown in Equation (1), where.
P=(p1,p2, ... ,Pn) is a finite set of places. P is defined as a set of influential factors that impose constraints on the government’s
emergency management;
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Fig. 2. The life cycle of public panic in sudden outbreaks.
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Table 1
Emergency management capability assessment indicator system.
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Primary indicators Secondary indicators

Tertiary indicators

Emergency management capacity of public panic during Risk perception capability Ps;
an unexpected epidemic Pa3

Pre-security capability Psg

Monitoring and warning capability P39

Emergency response capability P4o

Emotional guidance and reconstruction
capability P4y

Emergency review capability P4y

Awareness of panic P,

Completeness of knowledge P,

Degree of involvement of relevant experts P

Public awareness of the scientific management of the
pandemic and emotions P4

Division of responsibilities of relevant units Ps
Ability to manage social opinion Pe

Development and implementation of relevant standards
Py

Overall quality of the personnel involved Pg
Advanced degree of technical equipment Py
Completeness of the database Py

Degree of protection of dedicated funds P;;
Preparation of emergency plans P;3

Data collection capability P;3

Information processing capability P14

Analysis of the possibility of panic events P;5
Information feedback capability P16

Advanced monitoring technology P17

Technical competence of relevant personnel Pig
Degree of classification of the early warning level P
Government interdepartmental coordination capacity Py
The case of social linkage P;

Status of experience in handling panic incidents Py,
Speed of response from relevant departments Py3
Command and decision-making capabilities Pa4
Orderliness of graded response P,s

Information distribution channel selection Pag
Degree of publicly relevant information Py,
Timeliness of information delivery Pag

Regulation of media coverage (including self-media) P9
Public awareness and education P3,

Public informed feedback P3;

Assessment of social impact Psy

Investigation of the cause of the incident P33
Accountability for incidents P34

Public opinion survey on panic governance Pss
Feedback improvement status Ps

t
=
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Fig. 3. FPN assessment model.
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T=(t,ta,...... ,tn) is a finite set of transitions. T denotes the set of behaviors that encompass the occurrence process of factors
affecting the emergency management capability;

I = (wy) is the n x m input matrix, where I indicates the presence or absence of a directed arc fromp; tot; (i = 1,2,3......,m;j = 1,2,
3, ,m). When p; is an input to t;, wy = 1; otherwise, w; = 0. Herein, I denotes the importance of behaviors that affect emergency
management capabilities;

O = (ry) is the n x m output matrix, where O records existence or non-existence of a directed arc fromp; tot; (i = 1,2,3...... Jj =
1,2,3,...... ,m). When p; is the output of t;, r;; = 1; otherwise, r; = 0. In this paper, O is the output relationship between contingency
capacity behavior t; and contingency capacity influencing factors p;;

U: T—[0,1] denotes the confidence function, F(tj) = p;(j = 1,2,3, ...... ,m). y; indicates the confidence level of the emergency

management capability behavior (t);

A: P—[0,1] is the threshold value for the occurrence of behavior t;. The behavior occurs when the confidence level of its influencing
factor p; is greater than the threshold value (1);

M(0) is the initial state matrix of order n x g. In this paper whose element Mg: [0,1] represents the initial state value of the
emergency management capability influencing factor p; at level j, representing its credibility, and n x q is the state of n emergency
management capability influencing factor in q levels. M(k) is the state matrix after change k has occurred.

Following the definition of FPNs, input matrix I and output matrix O are obtained, where |P| = n,|T| = m. their corresponding
matrix forms are I = (wy), O = (ry). The initial state matrix M(0) is obtained by analyzing the results of the questionnaire. The fuzzy
variation confidence vector V is calculated from the weight matrix o; of the evaluation indicators. The specific fuzzy reasoning steps
are shown below:

Step 1: Make initial state k = 0 when the behavior occurs and obtain the credibility of the initial influencing factors by calculating
I™M(k), i.e., the credibility with which the variation can be fired.

Step 2: The plausibility of the occurrence of the behavior is calculated by V® O, i.e., the credibility of the output influences after the
variation has occurred.

Step 3: Calculate the next state after the behavior occurs, where the confidence level of the influencing factor becomes M(k + 1) =
M(k) & {[V® O][I"M(k)] }, i.e., the next state after the variation has occurred.

Step 4: Determine whether M(k +1) and M(k) are equal. When M(k +1) # M(k) is triggered after a change, it means that there is still
a variation action that has not been triggered, then set k = k + 1 and go to step 3 to continue the iteration; when triggering the
variation makes M(k + 1) = M(k), it indicates that the variation is completed, and the final state matrix is obtained.

Step 5: The emergency management capability level F is obtained by calculating M(k)Q". F is a matrix of order n x 1. It represents
the level values of n influencing factors, where the last element indicates the grade value of the government’s comprehensive
emergency management capability. Q = (10, 8,6, 4, 2) is the evaluation matrix, and its evaluation criteria are shown in Table 2.

3.3. Reasoning rules of the FPN

3.3.1. Fuzzy variable analysis

Based on the calculation results of the FPN assessment model, risk perception capability, pre-security capability, monitoring and
warning capability, emergency response capability, emotional guidance and reconstruction capability, and emergency review capa-
bility are defined as P; — Pg , where P, P3, P4, Ps take the values of L and H (low and high) and P, P take the values of L, M, H (low,
medium, high). The specific variable assignments are shown in Table 3.

3.3.2. Fuzzy reasoning rules

For the decision-making characteristics of governmental public panic emergency management during a sudden epidemic, the
fuzziness of rules is more applicable to the reasoning of strategies. Therefore, uses a fuzzy Petri net as a tool, takes the above index
system as the basis, takes the abilities of risk perception, pre-security, monitoring and warning, emergency response, emotional
guidance and reconstruction, and emergency review as the main body of strategies, extends them to the governmental emergency
management process, and establishes fuzzy reasoning rules of public panic multiprogram preference. In fuzzy systems, the reasoning
rule employed is the "if-then" rule. This rule constitutes a sequence of conditional statements and result statements, serving to map the
input variable state to the output variable state. Thus, in the context of this paper, each reasoning rule is represented in the form of a
fuzzy "if-then" statement [43,44]. The specific fuzzy reasoning rules are shown below:

Table 2

Emergency management capability assessment matrix.
Ability levels Evaluation values
High 8-10
Relatively high 6<8
Medium 4<6
Relatively low 2<4
Low 0<2
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Table 3
Assignment table of secondary index variables.
Secondary indicators Variable symbols Fuzzy language variables
Risk perception capability Py L
H
Pre-security capability 2 L
M
H
Monitoring and warning capability P L
H
Emergency response capability Py L
H
Emotional guidance and reconstruction capability Py L
H
Emergency review capability Pg L
M
H

R1:1IF (P;; » L) and (P33 » L) and (P3y — L) and (P4, —» H) and (P4, — H) THEN Strategy is 1;
R2 : IF (P3y » H) and (P4 — L) and (P4; - L) and (P4, — H) THEN Strategy is 2;

R3 : IF (P3; » H) and (P35 —» H) and (P4; - H) and (P4, — L) THEN Strategy is 3;

R4 : IF (P33 » H) and (P3 —» H) and (P4 — L) and (P4; —» L) and (P4, - M) THEN Strategy is 4;
R5 : IF (P37 » L) and (P35 » L) and (P4 — H) and (P4, — L) THEN Strategy is 5;

R6 : IF (P » L) and (P4; » L) and (P4, » M) THEN Strategy is 6;

R7 : IF (P33 > M) and (P4; — L) and (P4 — L) THEN Strategy is 7;

3.3.3. Strategy sets

According to the abovementioned FPN assessment model, the content of government emergency management decisions should
focus on one or more aspects [61,62], such as risk perception, pre-security, monitoring and warning, emergency response, and
emergency review. Therefore, to achieve the goal of the best governance effect, the content of public panic emergency management
concerns should have primary and secondary importance and be selective. For the various scenarios faced by governmental public
panic emergency management during an outbreak, the solution that best matches them should be chosen. For this purpose, this study
constructs the following strategy sets with typical cases.

Str 1: The government strengthens the crisis ideology

The government should pay more attention to public panic. While disclosing information, it is also important to interpret and
explain relevant policies and systems and to invite government personnel or experts and scholars to conduct web-based thematic
interpretations. At the same time, through the media, internet, television and other information channels, it is important to answer
questions and solve issues of public concern. Finally, the construction of a comprehensive and interactive integrated information
management platform for big data networks provides technical support for government staff to conduct risk monitoring and early
warning while allowing free discussion between staff and the public to reach consensus and alleviate panic in a timely manner.

Str 2: Vertical linkage, hierarchical response, a sound information sharing system, and controlling the direction of public opinion

When an emergency occurs, it is important to first establish a strong, efficient emergency command center with sufficient authority
to break the limitations of various departments and regions and achieve unified leadership, unified command and unified dispatch.
Second, a three-dimensional and effective information dissemination and feedback mechanism should be created to improve infor-
mation communication among various departments, realize information sharing, and improve the speed with which the government
responds to emergencies. Finally, relevant network information topics are set based on public opinion development trends, and the
direction of public opinion can be controlled in a targeted manner to reduce unnecessary panic while avoiding network resource waste.

Str 3: Establishing a review body for emergencies to improve government credibility

It is important to apply scientific and standardized management methods and tools, conduct investigations, act in accordance with
laws and regulations, and develop and implement specific accountability mechanisms. The formation of public participation
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mechanisms and public oversight to report legal violations should be encouraged. The government should publicize the process and
outcomes of dealing with emergencies as early as possible to address the public’s right to know while also collecting public feedback.
Additionally, it should also take the crisis as an opportunity to learn from past mistakes, plug gaps, and promote the improvement and
perfection of emergency plans, related policies, and management systems in a targeted manner to improve emergency prevention and
control capabilities and governance capacity.

Str 4: Guiding the direction of public opinion and conducting mental health counseling to realize positive interactions between the
government and society

After the incident, it is important to expand social participation avenues through radio, television, microblogging, and other media
and create a situation of national mobilization, collective participation, and common confrontation to further prevent panic. Mean-
while, it is also necessary to achieve timely and effective information release, strengthen information supervision, smooth information
transmission channels, avoid panic to the greatest extent possible, reduce control costs, and improve control efficiency during the
event handling process. Finally, relevant experts should be organized to provide public mental health counseling and follow-up work,
which can improve the public’s ability to protect themselves and their psychological tolerance as well as the government’s credibility
and transparency.

Str 5: Transforming public panic prevention and control thinking and establishing a regular management model

The government should rely on the network platform to create an intelligent database of emergencies, incorporating experts in
emergency management to provide more scientific and reasonable suggestions for public panic source management. Moreover, it
should also collaborate with relevant universities, businesses, and research institutions to develop emergency management software,
systems, and related equipment that are urgently needed in the source management process to provide preliminary technical support
for panic management. Meanwhile, the prevention and control of public panic should be incorporated into routine management. It is
important to conduct extensive public awareness and education on epidemic prevention and control as well as scientific emotion
management and raise public risk awareness. The government should focus on improving staff members’ crisis management, public
opinion guidance, and social management skills as well as developing efficient government working mechanisms and strengthening
effective government system oversight.

Str 6: Improving the early warning system and strengthening the information construction of government functions

The government should improve the emergency plan by clarifying and organizing the various resources, collaboration mechanisms,
connectivity, graded response, and security measures required for emergency response so that individuals can "follow the map" after an
incident. Artificial intelligence, big data, and other emergency technologies are being used to improve the quality and efficiency of
early warning by informing and intelligently monitoring pandemic spread trends, network opinion, information dissemination, and
data statistics. Furthermore, to seize the opportunity to prevent and control, meet the public’s right to know, and alleviate public panic,
it is important to build a network information exchange platform, clarify the authority and scope of information release, and release
timely and comprehensive information.

Str 7: Comprehensive enhancement, building a comprehensive emergency management mechanism

It is important for the government to improve its monitoring and early warning capabilities as well as emergency response ca-
pabilities by collaborating on emergency response plans, clarifying emergency response coordination mechanisms, command mech-
anisms, resource guarantees, and disposal procedures and conducting regular emergency drills. On the one hand, big data should be
utilized to create a centralized network information management platform that includes a network monitoring platform, an infor-
mation dissemination platform, and a resource deployment platform to simplify resource deployment and information dissemination
while avoiding the spread of false information that could cause social panic. On the other hand, through information media, the latest
developments of the incident are released in real time to continuously strengthen the public’s awareness of prevention and control,
while work is reviewed and analyzed to compensate for the shortcomings of technical prevention and control and public opinion
guidance.

Conclusively, in a practical application, the FPN assessment model can analyze the weak areas that affect the government’s
emergency management capability through the content and path of control variables. The reasoning rules of FPN can then be used to
reason the appropriate decision scheme for the government to manage and significantly enhance its comprehensive emergency
management capability.

4. Case study
4.1. Background

The end of 2021 saw the covert arrival of the coronavirus disease in the historic city of X. Unexpectedly, the epidemic spread
quickly. In just 21 days, the number of new confirmed cases increased from 0 to over 1000. After December 26, the number of new
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cases exceeded 150 for 7 consecutive days, reaching a peak of 175 on the 27th [63]. Intense debates on social media platforms about
this epidemic, which was dubbed "the most serious one after the closure of Wuhan" resulted from the clash of various public opinions.
Led to the public experienced significant anxiety and panic, and the situation was very serious. Despite the chaos and disorder of the
initial prevention and control measures, it was a true manifestation of governance’s ability to handle the situation with decisive and
efficient measures, strong leadership in deploying emergency treatment and improvement measures, and responding with sincerity to
social concerns in a timely manner [64]. Therefore, considering the above factors, this paper examines the emergency management of
public panic in cities and verifies the feasibility of the FPN assessment model and reasoning rules.

4.2. Fuzzy reasoning algorithms
4.2.1. Parameter solving
Step 1: According to the definition of an FPN, the input matrix I and output matrix O of the FPN model can be obtained:

I = (wy). Wheni = j, w; = 1; otherwise, wy = 0.

O = (rj). When the relationship between i and j is as shown in Table 4 below, r; = 1; otherwise, r; = 0.

Step 2: Calculation of indicator weight values.

This study defines the same weight values for the tertiary indicators under each secondary indicator. As shown in Table 5, for
example, risk perception ability includes awareness of panic, completeness of knowledge, degree of involvement of relevant experts,
and public awareness of the scientific management of the pandemic and emotions. The four indicators are equally weighted at 0.250,
which leads to a weight matrix V.

Step 3: Use the questionnaire to conduct the survey and obtain the data needed for the empirical analysis.

The final form of the questionnaire consisted of three sections. The first section briefly explained the objectives of the study. The
second section aimed to collect basic information of the respondents, e.g., the years of work and nature of work. The third section
investigated the relative importance of the 36 tertiary indicators from the respondents’ point of view according to a 5-point Likert scale
[65], where 5 means "extremely important", 4 means "important”, 3 means "neutral", 2 means "less important", and 1 means "unim-
portant". A sample of the third section of the questionnaire is presented in Appendix Table Al.

The investigation was approved by the Ethics Committee of the Institute of Disaster Prevention. Based on theoretical foundations
and indicator systems, a questionnaire was designed and distributed via email. A total of 100 questionnaires were sent out. Out of
these, 93 valid questionnaires were collected, resulting in an effective response rate of 93 %. This sample size fulfills the requirements
for studying the influencing factors of government emergency management capabilities. The majority of the respondents to the
questionnaire were representatives of the emergency system, health system, local government, relevant academics, and the general
public. Because, these respondents could intuitively and thoroughly reflect the cognitive circumstances of various groups regarding the
government’s public panic management during the epidemic and ensure its rationality. Among the valid questionnaires recovered,
there were 5 emergency system workers, accounting for 5.38 % of the total number of valid questionnaires; 21 health system workers,
accounting for 22.58 % of the total number of valid questionnaires; 41 local government workers, accounting for 44.09 % of the total
number of valid questionnaires; 4 related scholars, accounting for 4.3 % of the total number of valid questionnaires; and 22 members of
the general public, accounting for 23.66 % of the total number of valid questionnaires. The data collected by the questionnaire survey
are summarized in Appendix Table A2. The evaluation vector of each three-level indicator, i.e., the initial state matrix, was derived
through comprehensive analysis of questionnaire M(0), as shown in Equation (2).

Table 4
Output matrix correspondence.
i 37 38 39 40 41 42 43
Jj 1-4 5-12 13-19 20-25 26-32 33-36 37-42
Table 5
Weights of the tertiary indicators.
Indicators P — P, Ps — Py Py3— Pyg Pyy — Pog Py — P3y P33 — P3g
Weights 0.250 0.125 0.143 0.167 0.143 0.250
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[ 038 0.43 0.15 0.03 0.01
0.34 0.41 0.19 0.06 0
0.36 0.34 0.27 0.03 0
0.48 0.28 0.23 0.01 0
0.47 0.31 0.19 0.02 0.01
0.46 0.31 0.16 0.06 0.01

0.44 0.36 0.16 0.04 0
0.44 0.36 0.16 0.04 0
0.31 0.42 0.22 0.05 0
0.37 0.36 0.18 0.09 0
0.43 0.38 0.15 0.04 0
0.45 0.37 0.12 0.05 0.01
0.45 0.39 0.12 0.03 0.01
0.42 0.41 0.15 0.02 0
0.40 0.37 0.19 0.04 0

043 037 017 002 00l
041 043 012 003 00l
036 048 013 0.3 0
040 046 010 003 001
039 046 012 002 001
044 041 013 002 0
M@2)=M(3)=| 037 043 016 004 0 3)
046 042 009  0.03 0
042 042 014 002 0
045 042 010 0.3 0
046 041 010 002 001
043 043 011 002 001
048 041 008 002 00l
044 045 007 003 00l
042 042 012  0.04 0
044 040 013 002 00l
041 044 011 004 0
043 044 010  0.03 0
042 038 013 004 003
040 039 014 006  00I
044 032 020 004 0
03900 0.3650 0.2100 0.0325 0.0025
04213 03587 0.1675 0.0488 0.0037
04104 04161 0.1401 0.0286 0.0057
04225 04275 0.1236 0.0267 0.0017
04404 04233 0.1030 0.0272 0.0071
04225 03825 0.1425 0.0425 0.0100
| 0.4187 0.3963 0.1481 0.0345 0.0051 |

4.2.2. Operations of the FPN assessment model

According to the fuzzy reasoning steps of the FPN assessment model, the above derived parameters were substituted into M(k +
1) =M(k) @ {[V® O][I"M(k)] } for the fuzzy reasoning operation using MATLAB software. Conclusively, M(2) = M(3) was deter-
mined, as shown in Equation (3). M(2) was then substituted into Equation F = M(k)Q, and the calculation results were normalized.
Finally, the emergency management capability level values for each indicator in the FPN evaluation model are obtained, as shown in
Fig. 4. The larger the value is, the stronger the government’s emergency management capability under that indicator.

The level values of each indicators, obtained by matching the arithmetic results of the above FPN assessment model with the
emergency capability evaluation matrix, are shown in Table 6. The level values for the primary and secondary indicators are F =
[3.8700, 5.2236, 7.1856, 8.9424, 9.5652, 5.9400, 7.0956], and the risk perception capability is 3.8700, which indicates that the
emergency management capability level of this indicator is relatively low. The pre-security capability is 5.2236, which indicates that
the emergency management capability level of this indicator is medium. The monitoring and warning capability is 7.1856, which
indicates that the emergency management capability level of this indicator is relatively high. The emergency response capability is
8.9424, which indicates that the emergency management capacity of this indicator is high. The emotional guidance and reconstruction
capacity is 9.5652, indicating that the emergency management capacity of this indicator is high. The emergency review capacity is
5.9400, indicating that the emergency management capacity of this indicator is medium.

In conclusion, the overall emergency management capability of the X City government is rated as medium. The main factors
contributing to the moderate level of emergency management capability in X City are risk perception capability, pre-security capa-
bility, and emergency review capability. Similarly, based on the level values of the tertiary indicators, the main factors constraining the
level of secondary indicators can be identified.
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4.2.3. Operations of the reasoning rules

The above index levels are introduced into MATLAB for operation in accordance with the reasoning rules of FPN, and the final
decision results are displayed in Fig. 5. Therefore, based on the characteristics of the crisis event, the government should choose
strategy number five, which has the smallest deviation in results, as the response strategy. This strategy involves transforming public
panic prevention and control and establishing a regular management model. The X city government should focus on enhancing
resource security for panic events, public panic awareness levels, and a timely and efficient review and summary following such events.

5. Discussion
5.1. Results discussion

The purpose of this study is to explore and understand the government’s emergency management capability in addressing public
panic during the governance process of COVID-19, as well as how to alleviate public panic. We conducted an analysis on the emergency
management situation of the government in City X. The results revealed management issues in risk perception, resource provision, and
post-recovery aspects. The following sections will provide a detailed discussion on these issues.

(1) Since the notification of the first confirmed case, the city of X has focused on the flow of people and nucleic acid screening. Given
the handling of the unfortunate situation of being unable to seek medical attention during the prevention and control of the
epidemic, the panic of individuals did not attract the attention of the government and relevant departments [66,67]. Therefore,
there were issues with the overall emergency management process of the X city government, including low risk awareness, poor
monitoring and early warning procedures, and insufficient information research and judgment skills, which meant that the
event’s triggering factors could not be quickly screened [68]. This led to insufficient follow-up monitoring skills and a lack of
precision in research and judgment for effective early warning, which is consistent with the insufficient risk perception ability
calculated by the model.

(2) X city experienced closed management with the emergence of food hoarding, distribution difficulties, "a code through" paralysis
[69,70], inability to access medical care and a number of public opinion events that continued to ferment. This social phe-
nomenon reflected the inadequacies of the government’s ability to protect resources in this incident, but it was also the main
cause of the spread of public fear. Therefore, the X municipal government and related departments in the emergency man-
agement of panic, the emergency plan and policy measures were not implemented effectively, the organizational synergy and
policy convergence were not sufficient, and the technical and material security capacity were not sufficient [68], consistent
with the model calculation of insufficient pre-security capability.

(8) The X city government only focused on the prevention and control of the epidemic itself and ignored its social effects, such as the
psychological effects of heightened public tension, anxiety, and even panic. The investigation did not locate the source of the
panic spread in a timely manner, and those responsible were not held accountable in a timely fashion, seriously undermining the
government’s credibility. Therefore, the X municipal government’s understanding of normalized prevention and control in the
process of managing public panic emergencies was insufficient, and the responsibility supervision mechanism was weak [68],
which is consistent with the model’s estimate of insufficient emergency review capacity.

Table 6
The ability levels of each indicators.
Sndicators Results Ability levels Sndicators Results Ability levels
Py 5.0400 Medium Py 9.9400 High
Py 1.0800 Low Poy 8.6400 High
Ps 1.0800 Low Pos 9.8800 High
Py 8.2800 High Py 9.8800 High
Ps 7.5600 Relatively high Py 9.0000 High
Pg 5.4000 Medium Pog 9.9400 High
P; 7.2000 Relatively high Py 9.8400 High
Pg 7.2000 Relatively high Py 7.9200 Relatively high
Py 0.0400 Low Ps3; 8.6400 High
Pio 0.3600 Low P3; 7.9200 Relatively high
Py 7.2000 Relatively high 2% 9.7200 High
Pis 7.2000 Relatively high Psy 4.3200 Medium
P13 8.6400 High Pss 3.9600 Relatively low
Py 8.2800 High P3¢ 5.7600 Medium
Pis 4.6800 Medium Ps; 3.8700 Relatively low
Pie 6.8400 Relatively high Pag 5.2236 Medium
{P \nolimits_ 7.2000 Relatively high
{173}
P3 7.1856 Relatively high
Pig 6.1200 Relatively high Py 8.9424 High
Pig 7.5600 Relatively high Py 9.5652 High

(continued on next page)
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The government quickly realized that whenever there is a local increase in cases and emergency measures are taken, the general
public inevitably experiences tension, anxiety, and even panic [71]. Hence, while reducing and controlling the current and future
COVID-19 epidemic, it is necessary to pay attention to other decisions to prevent and alleviate the accompanying psychological crisis.
Existing research has shown that to prevent the harmful effects of panic on public mental health, the government should first
strengthen information dissemination [72,73] based on the overall emergency plan for emergencies [74], provide policy in-
terpretations, involve expert groups to guide the work, meet the public’s right to know, improve public psychological resilience [75],
and reduce their panic, as well as other depressive symptoms and stress conditions, for example, through cognitive behavioral therapy
(CBT) via online platforms [76,77]. Meanwhile, information management platforms should be established to collect and process
relevant information, introduce advanced technological devices, effectively enhance the level of resource provision and monitoring
and early warning capabilities, and control the spread of misleading information through social media platforms [78,79]. Finally, it is
necessary to increase supervision, improve accountability mechanisms, investigate and punish relevant personnel, accurately account
for them, and expose them in a timely manner to curb the spread of panic and effectively protect public safety and physical health [80].
By comparing the results of the FPN assessment model and reasoning rules with the development process of public panic events in
reality and the governance status investigated in the current study, it was found that the case studied in this paper aligns well with the
driving factors and management strategies of real-life public panic events, providing a solid basis for the assessment and enhancement
of the government’s emergency management capability in addressing public panic during sudden epidemics, demonstrating a certain
level of feasibility.

5.2. Validity discussion

The effectiveness of the FPN assessment model and reasoning rules depends not only on the feasibility of individual cases but also
on the overall empirical performance. To further validate the model and reasoning rules’ effectiveness, this study employed two
approaches: Firstly, two representative cases of panic management were selected for comprehensive analysis and discussion. Secondly,
a comparison was conducted with commonly used methods for evaluating emergency management. Through these two avenues, the
validity and reliability of the model and reasoning rules were thoroughly examined.

The Wuhan city government was not aware of the potential for panic during the early stages of the 2019 coronavirus outbreak,
which allowed for the growth of online rumors and subsequent widespread public panic. The results of this study’s small-scale
investigation of actual government management suggest that strategy 6 is the best option for such circumstances. In fact, the gov-
ernment efficiently carried out its obligations after the "city closure” measures were announced, did a good job of organization and
coordination, and paid close attention to how the relevant policies were publicized and covered by the media. Meanwhile, it also
strengthened its control over the media’s informational dissemination and revision of the applicable emergency response plans [81].
The Wuhan government’s actual response strategies were consistent with strategy 6 when the government’s measures were extracted
and compared to the strategy set developed in this study. In addition, since the coronavirus outbreak, Shanghai has been a model for
various local governments to learn from because of its advanced emergency management capabilities and precise panic prevention and
control model. This study also conducted a small-scale examination of the situation during the new coronavirus epidemic in Shanghai
in March 2022, and the results suggest that the government should choose strategy 2 for this scenario. The government established
pertinent topics and investigated them in response to issues such as "overpriced vegetables" and panic about medical resources and
introduced corresponding policy measures [82,83] to allay public panic. Moreover, the government also strengthened information
communication between various departments, realized information sharing, improved social linkage mechanisms, and sped up
response times based on the "one network unified management" [84] network platform. Given the measures taken by the government
and the comparison analysis with the strategy set constructed in this study, strategy 2 is consistent with the coping strategies adopted
by the Shanghai government.

Aside from qualitative-based analytical methods, traditional quantitative evaluation methods for emergency management capa-
bilities include fuzzy comprehensive evaluation, BP neural networks, and projection pursuit models. Among these, the fuzzy
comprehensive evaluation method can handle fuzzy uncertainty information and consider the mutual influence of multiple evaluation
indices. However, it is heavily influenced by subjective factors in determining the membership function, resulting in the loss of
fuzziness and a weakness in randomness, thereby impacting the evaluation results to some extent [85]. On the other hand, while BP
neural networks possess strong nonlinear processing capabilities and fault tolerance, they exhibit slow convergence speeds and rely
heavily on the training sample set. Training the model also requires a significant amount of data [86]. The projection pursuit model,
driven directly by sample data without formal or mathematical limitations, is suitable for high-dimensional nonlinear evaluation
problems. However, it may be computationally intensive and prone to information loss, overfitting, and sensitivity to data distribution.
It is also less effective in analyzing highly nonlinear data [87]. Furthermore, none of these methods have the ability to visually present
results in a concise and intuitive manner. In comparison to the aforementioned traditional evaluation methods, the formalized
evaluation method proposed in this paper, which is based on fuzzy Petri nets, overcomes the limitations of these methods. It effectively
addresses the challenges posed by uncertainty, randomness, fuzziness, and insufficient statistical data in evaluating the emergency
management capability of public panic. As a result, the evaluation outcomes become more reliable, the presentation of results becomes
more intuitive, and the overall process becomes simpler. Additionally, it is worth noting that the evaluation results obtained using
fuzzy Petri nets align with the actual government’s emergency management measures, as demonstrated by the previous case study.
This further validates the feasibility of the proposed method.
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Fig. 5. Preferred case of public panic emergency management program.

5.3. Values discussion

Based on the results of theoretical research and empirical analysis, this study not only provides new insights for scholars’ theo-
retical research and policymakers’ improvement measures but also holds significant reference value and practical significance for the
effective evaluation of the government’s emergency management capacity in addressing public panic during sudden events.

5.3.1. Theoretical values

Two aspects of this study’s theoretical value are as follows. First, a mass panic emergency management capacity evaluation index
system is suggested based on life cycle theory. This system corrects for the original static cognition of emergency management capacity
and offers a more in-depth understanding of the content and structure of emergency management capacity from a dynamic
perspective. Second, the group panic governance strategy set formed based on the fuzzy Petri net fully embodies the idea of coop-
erative governance theory with multiple subjects and scenarios, which complements the research findings of public panic governance,
expands the application scenarios of fuzzy Petri, and further verifies its feasibility value in the field of public panic research.

5.3.2. Practical values

The following three aspects of this study’s practical value are evident. First, the government is given suggestions for how to carry
out public panic monitoring and early warning in a comprehensive and efficient manner by the multistage evaluation index system that
was created on the basis of a systematic analysis of the influencing factors and evolution characteristics of mass panic. Second, the
government deals with crises in the social, political, and economic spheres in addition to those in the health sector. The study of public
panic’s capacity for emergency management is helpful in encouraging the government to prioritize social goals over economic ones to
better carry out its civic duties. Third, the government must gradually transition from opaque administrative governance to trans-
parent administrative governance to address the secondary crisis of public panic brought on by public health emergencies. The study’s
findings offer government-specific recommendations on how to control public anxiety in an open and transparent manner.

6. Conclusion

Fuzzy Petri nets have excellent knowledge expression, reasoning and decision-making capabilities, and can graphically show the
logical relationship between conditions and conclusions, and have been widely used in assessment and fuzzy reasoning. Based on these
advantages, this study suggests a fuzzy Petri net-based emergency management capacity assessment model and reasoning rules based
on life cycle theory to analyze the influencing factors of public panic and propose governance decisions for various scenarios to provide
guidance for the governance of public panic. The study’s conclusions primarily focus on the following elements.

First, based on life cycle theory, this paper systematically examines the influencing factors that limit the government’s public panic
governance and develops an assessment index system that can adequately address the government’s public panic emergency man-
agement capability status. This system overcomes some of the ambiguity and uncertainty of assessment indices and offers a framework
for the government to conduct public panic emergency capability assessments.

Second, by using the parallel processing capability of fuzzy Petri nets, this paper analyzes the development process of public panic
in a set scenario and reproduces the process of a panic event from its emergence to its end. This not only reveals the influencing factors
that limit the government’s emergency response capability but also provides the best decision solution for the government’s public
panic management.

Finally, the example analysis led to the conclusion that the X city government’s public panic emergency response capability level is
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at a medium level, and the necessary improvement measures are highly consistent with the actual emergency response performance.
This demonstrates the viability of fuzzy Petri nets in the assessment of public panic emergency response capability.

Nevertheless, this paper has some limitations. First, some of the quantified tertiary indicators are fuzzy data based on questionnaire
results, and the quantified results have some subjective bias. Second, the model reasoning process is complicated, which is not
conducive to data analysis and processing. In subsequent research, in addition to considering more data resources, extracting more
correlated indicator elements, and continuously optimizing the assessment model, we should study in depth how to induce the
government to shift from administrative governance that prioritizes economic goals and obscurity to administrative governance that
prioritizes social goals and transparency. In addition, the endogeneity problem embodied by the model is an extremely complex social
phenomenon that merits in-depth study, and the two-way relationship between government public panic governance and public panic
mentioned in this paper is only one of its many effects.

Funding statement

This research was funded by the Humanities and Social Sciences Foundation of Ministry of Education of China (No. 23YJC630078),
Science and Technology Innovation Program for Postgraduate students in IDP subsidized by Fundamental Research Funds for the
Central Universities (No. ZY20230333) and Fundamental Research Funds for Central Universities (No. ZY20210315).

Ethics declarations

This study was reviewed and approved by the Ethics Committee of the Institute of Disaster Prevention, with the approval number:
2022991008.

Data availability statement
Data will be made available on request.
CRediT authorship contribution statement

Cui Li: Writing — review & editing, Project administration, Investigation, Conceptualization. Yiming Zhao: Writing — original draft,
Visualization, Methodology, Formal analysis. Lei Gao: Writing — review & editing. Yuan Ni: Methodology, Funding acquisition.
Xiaoxue Liu: Writing — review & editing, Resources.

Declaration of competing interest

We declare that we have no financial and personal relationships with other people or organizations that can inappropriately in-
fluence our work, there is no professional or other personal interest of any nature or kind in any product, service and/or company that
could be construed as influencing the position presented in, or the review of, the manuscript entitled.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2024.e30316.

References

[1] J. Qing, Analysis on epidemic prevention and control mechanism of megacity: based on the predicament, effect and reconstruction of Wuhan’s combat COVID-
19, Journal of Hubei University(Philosophy and Social Science) 47 (3) (2020) 21-32 (In Chinese).
[2] Q. Lu, Study on the cooperation in public health emergent crisis: taking COVID-19 as an example, Academic Research (4) (2020) 14-20 (In Chinese).
[3] D.R. Li, Z.F. Shao, Smarter cities with public epidemic prevention and control services based on big data about spatiotemporal location, Geomatics Inf. Sci.
Wuhan Univ. 45 (4) (2020) 475-487+556 (In Chinese).
[4] S.W. Yang, M.X. Xu, Y. Kuang, et al., Objective danger and subjective panic in Wuhan COVID-19: an extended overseas "Psychological Typhoon Eye" effect,
Chinese Journal of Applied Psychology 26 (4) (2020) 291-297 (In Chinese).
[5] B. Urairak, Effect of the COVID-19 pandemic related mental health on state anxiety in Thailand, Asian Administration and Management Review 5 (1) (2022)
1-6.
[6] A.B. Kadam, S.R. Atre, Negative impact of social media panic during the COVID-19 outbreak in India, J. Trav. Med. 27 (3) (2020) taaa057.
[7] A. Gazi, The scenarios of COVID-19 in the context of the Indian sub-continent (Bangladesh, India, Pakistan), International Journal of Crime, Law and Social
Issues 7 (1) (2020) 10-18.
[8] N. Wahdaniyah, Elviana, Muja’didatunisa, Evaluation of COVID-19 handling policy in political implementation in Gowa, Indonesia, Asian Political Science
Review 5 (2) (2021) 22-32.
[9] P. Slovic, Perception of risk, Science 236 (4799) (1987) 280-285.
[10] V.T. Covello, M.W. Merkhofer, Risk Assessment methods[M], Springer US, 1993.
[11] S. Chancellor, ChoudhuryM. De, Methods in predictive techniques for mental health status on social media: a critical review, NPJ digital medicine 3 (1) (2020)
1-11.
[12] C. Karyotis, F. Doctor, R. Igbal, A fuzzy computational model of emotion for cloud based sentiment analysis, Inf. Sci. 433 (2018) 448-463.

15


https://doi.org/10.1016/j.heliyon.2024.e30316
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref1
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref1
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref2
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref3
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref3
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref4
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref4
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref5
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref5
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref6
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref7
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref7
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref8
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref8
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref9
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref10
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref11
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref11
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref12

C. Lietal Heliyon 10 (2024) 30316

[13]
[14]
[15]

[16]
[17]

[18]
[19]
[20]
[21]
[22]

[23]
[24]

[25]
[26]

[27]

[28]
[29]

[30]
[31]

[32]
[33]

[34]
[35]

[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]

[49]
[50]

[51]
[52]

[53]
[54]

[55]
[56]

[57]

Y. Mao, S. Yang, Z. Li, Personality trait and group emotion contagion based crowd simulation for emergency evacuation, Multimed. Tool. Appl. 79 (5) (2020)
3077-3104.

R. Cai, J. Zhang, Y. Zhu, Mortality in chronic kidney disease patients with COVID-19: a systematic review and meta-analysis, Int. Urol. Nephrol. 53 (8) (2021)
1-7.

C.H. Ko, C.F. Yen, Psychosocial impact among the public of the severe acute respiratory syndrome epidemic in Taiwan, Psychiatr. Clin. Neurosci. 60 (4) (2006)
397-403.

M. Keane, T. Neal, Consumer panic in the COVID-19 pandemic, J. Econom. 220 (1) (2020) 86-105.

K. Nanath, S. Balasubramanian, V. Shukla, Developing a mental health index using a machine learning approach: assessing the impact of mobility and lockdown
during the COVID-19 pandemic, Technol. Forecast. Soc. Change 178 (2022) 121560.

F.Z. Luo, S.W. Ju, L.Y. Wang, Emergency strategy analysis for Chain disaster of major epidemic-derived social panic-A SD experimentation based on "COVID-19"
outbreak, Journal of Catastrophology 36 (1) (2021) 183-191 (In Chinese).

Yanan Guo, Shi An, Tina Comes, From warning messages to preparedness behavior: the role of risk perception and information interaction in the COVID-19
pandemic, Int. J. Disaster Risk Reduc. 73 (2022) 102871.

C.H. Sun, On government’s capacity to organize and integrate resource in the context of cooperative governance: based on the prevention and control of the
COVID-19 epidemic, J. Sichuan Univ. (Eng. Sci. Ed.) (4) (2020) 59-66 (In Chinese).

S.P. Zhang, F.W. Liu, Government collaborative ability in fignting against public crisis: a text analysis for COVID-19 prevention and control of provincial
governments, Economic Theory and Business Management 41 (5) (2021) 17-31 (In Chinese).

Q.L. Li, C. Zhou, The grassroots government’s shortcomings in crisis response and the improvement of prevention and control capabilities from the perspective
of 4R crisis management theory, Theory Monthly (9) (2020) 73-80 (In Chinese).

P.Q. Wang, B. Tang, The three dimensions of production mechanism of national governance capacity, Acad. Mon. 51 (4) (2019) 65-72+120 (In Chinese).
R. Shao, W.W. Shao, Impact of various flood scenarios on urban emergency responses times based on the TELEMAC-2D model, J. Tsinghua Univ. (Sci. Technol.)
62 (1) (2022) 60-69 (In Chinese).

Islam, Tahir, Panic buying in the COVID-19 pandemic: a multi-country examination, J. Retailing Consum. Serv. 59 (2020) 102357.

D.D. Zhang, J.D. Huang, From "Hospital Runs" to "Health Care for All" : the impact of the public health policy change, China Journal of Economics 8 (2) (2021)
182-206 (In Chinese).

J. Drury, S. Reicher, C. Stott, COVID-19 in context: Why do people die in emergencies? It’s probably not because of collective psychology, Br. J. Soc. Psychol. 59
(3) (2020) 686-693.

K.C. Srivastava, D. Shrivastava, K.G. Chhabra, Facade of media and social media during covid-19: a review, Int. J. Res. Pharm. Sci. 11 (1) (2020) 142-149.
Y.H. Wang, W.H. Wang, Emergency management capacity evaluation for sudden accidents of long distance oil and gas pipelines based on multi-level extension
evaluation method, Saf. Environ. Eng. 28 (2) (2021) 22-29 (In Chinese).

W.J. Chen, J.F. Su, Assessment method for emergency management capability of marine ship-source oil spill based on cloud model, Journal of Safety Science
and Technology 16 (2) (2020) 110-116 (In Chinese).

C. Zhang, T. Chen, S.J. Ni, Evaluation on emergency capability of power grid system based on AHP and FCE, Journal of Safety Science and Technology 16 (2)
(2020) 180-186 (In Chinese).

S. Xu, Z.Q. Tang, X. Wang, Emergency management capability assessment based on D-AHP and TOPSIS, Comput. Eng. 45 (10) (2019) 314-320 (In Chinese).
X.Q. Tan, G.H. Chen, Study on assessment of government’s cross-regional emergency management capability, Journal of Catastrophology 25 (4) (2010)
133-138.

Z.G. Nian, S. Liang, L.F. Ma, et al., Study and application of knowledge expression, Appl. Res. Comput. (5) (2007) 234-236+286 (In Chinese).

W. Yue, W. Gui, Y. Xie, Experiential knowledge representation and reasoning based on linguistic Petri nets with application to aluminum electrolysis cell
condition identification, Inf. Sci. 529 (2020) 141-165.

Y.J. Chang, X.F. Wu, G.M. Chen, Comprehensive risk assessment of deepwater drilling riser using fuzzy Petri net model, Process Saf. Environ. Protect. 117
(2018) 483-497.

T. Xu, Conceptualizing COVID-19 and public panic with the moderating role of media use and uncertainty in China: an empirical framework, Healthcare 8 (3)
(2020) 249.

R. Asthana, N.J. Ahuja, M. Darbari, Model proving of urban traffic control using neuro Petri nets and fuzzy logic, Int Rev Comput Softw. 6 (6) (2011) 983-987.
Milinkovi¢ Sanjin, Markovi¢ Milan, Veskovi¢ Slavko, A fuzzy Petri net model to estimate train delays, Simulat. Model. Pract. Theor. 33 (2013) 144-157.
R.J. Wai, C.M. Liu, Y.W. Lin, Robust path tracking control of mobile robot via dynamic etri recurrent fuzzy neural network, Soft Comput. 15 (4) (2011) 743-767.
H. Huang, L. Wan, Y.j. Pang, et al., Dynamic underwater robot recurrent neural network control with Petri-threshold, Electric Machines and Control 16 (5)
(2012) 91-96 (In Chinese).

J.N. Wu, S.Z. Yan, L.Y. Xie, et al., Reliability apportionment approach for spacecraft solar array using fuzzy reasoning Petri net and fuzzy comprehensive
evaluation, Acta Astronaut. 76 (2012) 136-144.

D.K. Amit, P. Bitan, P.K. Dilip, Evolving fuzzy reasoning approach using a novel nature-inspired optimization tool, Expert Syst. Appl. (2021) 114577
(prepublish).

H. Liu, Q. Lin, L. Mao, et al., Dynamic adaptive fuzzy Petri nets for knowledge representation and reasoning, IEEE Trans. Systems, Man, and Cybernetics:
Systems 43 (6) (2013) 1399-1410.

Y. Heisei, Y. Ansei, H. Takashi, et al., Fuzzy-reasoning-based robust vibration controller for drivetrain mechanism with various control input updating timings,
Mech. Mach. Theor. 175 (2022) 104957.

J. Zhou, G. Reniers, L. Zhang, A weighted fuzzy Petri-net based approach for security risk assessment in the chemical industry, Chem. Eng. Sci. 174 (2017)
136-145.

Y. Guo, X. Meng, D. Wang, et al., Comprehensive risk evaluation of long-distance oil and gas transportation pipelines using a fuzzy Petri net model, J. Nat. Gas
Sci. Eng. 33 (2016) 18-29.

J. Zhou, G. Reniers, Analysis of emergency response actions for preventing fire-induced domino effects based on an approach of reversed fuzzy Petri-net, J. Loss
Prev. Process. Ind. 47 (2017) 169-173.

Fink Steven, Crisis Management: Planning for the Inevitable vol. 20, American Management Association, New York, 1986.

L. Xue, K.B. Zhong, Classification of types, levels and stages for emergencies: managerial foundation of government emergency response system, Chinese Public
Administration 12 (2) (2005) 102-107 (In Chinese).

Federale Mergency Management Agency&National Emergency Management Association. State capability assessment for readiness[EB/OL](2000-4-10)
[2020.5.12]. http://www.allhandssonsulting.com..

C.F. Zhang, Public crisis management: a comprehensive integration model and China’s strategic choice, Chinese Public Administration 10 (7) (2003) 6-11 (In
Chinese).

Y.L. Tian, Q. Yang, Study of the evaluation index system model of the emergency capability on emergency, J. Basic Sci. Eng. 16 (2) (2008) 200-208 (In Chinese).
H.M. Cao, W.N. Huang, A research on the evaluation index system of local government emergency management capabilities, J. Guangzhou Univ. 14 (12) (2015)
60-66 (In Chinese).

W. Wang, Y. Cao, Evaluation of government emergency management ability based on BP neural network, Science and Technology Management Research 38
(19) (2018) 75-81 (In Chinese).

K.Q. Zhou, A.M. Zain, L.P. Mo, A decomposition algorithm of fuzzy Petri net using an index function and incidence matrix, Expert Syst. Appl. 42 (8) (2015)
3980-3990.

V.R.L. Shen, H. Lai, A.F. Lai, The implementation of a smartphone-based fall detection system using a high-level fuzzy Petri net, Appl. Soft Comput. 26 (2015)
390-400.

16


http://refhub.elsevier.com/S2405-8440(24)06347-3/sref13
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref13
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref14
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref14
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref15
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref15
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref16
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref17
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref17
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref18
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref18
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref19
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref19
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref20
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref20
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref21
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref21
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref22
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref22
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref23
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref24
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref24
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref25
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref26
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref26
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref27
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref27
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref28
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref29
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref29
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref30
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref30
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref31
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref31
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref32
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref33
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref33
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref34
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref35
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref35
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref36
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref36
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref37
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref37
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref38
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref39
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref40
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref41
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref41
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref42
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref42
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref43
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref43
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref44
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref44
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref45
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref45
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref46
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref46
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref47
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref47
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref48
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref48
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref49
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref50
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref50
http://www.allhandssonsulting.com
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref52
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref52
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref53
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref54
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref54
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref55
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref55
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref56
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref56
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref57
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref57

C. Lietal Heliyon 10 (2024) 30316

[58]
[59]
[60]

[61]
[62]

[63]
[64]

[65]

[66]

[67]
[68]
[69]
[70]
[711
[72]
[73]
[74]
[75]
[76]
[77]
[78]
[79]
[80]
[81]
[82]

[83]

[84]

[85]
[86]

871

Z. Liu, H. Li, P. Zhou, Towards timed fuzzy Petri net algorithms for chemical abnormality monitoring, Expert Syst. Appl. 38 (8) (2011) 9724-9728.

P. Juneja, R. Garg, P. Kumar, Uncertain data processing of PMU modules using fuzzy Petri net, J. Intell. Fuzzy Syst. 41 (1) (2021) 1855-1867.

W. Jiang, K.Q. Zhou, A. Sarkheyli-Hgele, et al., Modeling, reasoning, and application of fuzzy Petri net model: a survey, Artif. Intell. Rev. (2022) 1-39, https://
doi.org/10.1007/510462-022-10161-0.

D. Jia, Z. Wu, Intelligent evaluation system of government emergency management based on BP neural network, IEEE Access 8 (2020) 199646-199653.

S. Shan, X. Liu, Y. Wei, et al., A new emergency management dynamic value assessment model based on social media data: a multiphase decision-making
perspective, Enterprise Inf. Syst. 14 (5) (2020) 680-709.

Contemporary Shaanxi. Xi’an "Guarding the City" (Part 1)[EB/OL](2022-2-28)[2023.5.12]. http://www.sx-dj.gov.cn/ddsx/202201/20220208/62634.shtml..
Peking University Research Group.; Huang, H. Platform-Driven digital government: capabilities, transformation, and modernization[J]. E-government. 2020,
(7), 2-30.(In Chinese).

R.C. Freire, R. Ferreira-Garcia, M.C. Cabo, et al., Panic attack provocation in panic disorder patients with a computer simulation, J. Affect. Disord. 264 (C)
(2020) 498-505.

Sina Finance, Official announcement! Responsible individuals in the “Miscarriage of Pregnant Women” Incident in Xi’an dealt with! The hospital involved
responds: “The hospital has done what it should, and multiple departments are conducting investigations”, 2022, pp. 1-6. https://baijiahao.baidu.com/s?
id=1721166062568294775& wir=spider&for=pc. (Accessed 13 May 2023).

Zibo City Radio and Television Station, 61-year-old father suffers a sudden heart attack, 2-hour window for survival is delayed, pitiful daughter tearfully
accuses, 2022, pp. 1-6. https://baijiahao.baidu.com/s?id=1721203502687714868&wfr—spider&for=pc. (Accessed 13 May 2023).

B.L. Xu, Discussion on the construction of a service-oriented government based on epidemic prevention and control in Xi’an, Teaching Reference of Middle
School Politics (9) (2022) 25-27 (In Chinese).

W.J. Li, Attribution framework, dimensions, and types of government trust risks arising from intelligent technologies: a case study of the collapse of the "One
Code Pass" in Xi’an, Leadership Science 819 (10) (2022) 100-104 (In Chinese).

Qilu Evening News, One code pass" in xi’an crashes again, High Visitor Volume" is not an excuse, 2022, pp. 1-4. https://baijiahao.baidu.com/s?
id=1721016338451633871&wfr=spider&for=pc. (Accessed 14 May 2023).

M. Jing, J.Y. Wang, A study on the impact of rumors on public opinion supervision in sudden public emergencies: a case study of the COVID-19 pandemic, China
Publishing Journal (2) (2021) 49-53 (In Chinese).

N. Wei, C. Yang, X.Z. Wang, The influence of the release of government information on public psychology during major public emergencies: data analvsis based
on the COVID-19 pandemic, Jiangsu Soc. Sci. (3) (2020) 10-22+241 (In Chinese).

X.Y. Lin, Y.H. Ren, Research on online public opinion and guidance mechanisms in major public health emergencies, Academic Research (7) (2021) 65-68 (In
Chinese).

Xi’an Municipal People’s Government. Xi’an Municipal People’s Government on the issuance of the overall emergency response plan for emergencies. http://
www.xa.gov.cn/gk/wsjkly/zces/64d49745{8fd1c1a70369d12.html, 2021. (Accessed 30 September 2022).

Y. Liu, Meng, K. Ling, Y.H. Cao, et al., Exploring the characters of public psychological resilience under diffusive crisis, Sci. Geogr. Sin. 40 (11) (2020)
1763-1773 (In Chinese).

C.S. Ho, C.Y. Chee, R.C. Ho, Mental nealth strategies to combat the psychological impact of COVID-19 beyond paranoia and panic, Ann. Acad. Med. Singapore
49 (3) (2020) 155-160.

M. Zhang, R. Ho, Moodle: the cost effective solution for internet cognitive behavioral therapy (I-CBT) interventions, Technol. Health Care 25 (1) (2016)
163-165.

H. Yu, M. Li, Z. Li, et al., Coping style, social support and psychological distress in the general Chinese population in the early stages of the COVID-19 epidemic,
BMC Psychiatr. 20 (1) (2020) 1-11.

W. Shehata, D. Abdeldaim, Social media and spreading panic among adults during the COVID-19 pandemic, Egypt, Environ. Sci. Pollut. Res. Int. 29 (16) (2021)
23374-23382.

M. Xu, Local government behavior anomie and governance strategy in public safety governance: taking the epidemic of COVID-19 as an example, Jinan Journal
(Philosophy & Social Sciences) 43 (1) (2021) 39-63 (In Chinese).

Wuhan Municipal People’s Government, Municipal People’s Government on the issuance of Wuhan city, the overall emergency response plan for emergencies
notice. https://www.wuhan.gov.cn/zwgk/xxgk/zfwj/szfwj/202101/t20210119_1603138.shtml, 2021-01-07. (Accessed 30 September 2022).

Shanghai Municipal People’s Government, Citizens COVID-19 prevention knowledge manual, Available from, http://fangyishouce3.zhongqingjuzi.com/
fangyishouce3/mobile/index.html, 2022-06-17. (Accessed 30 September 2022).

Shanghai Municipal People’s Government, Shanghai Internet Information Office on the further investigation and handling of the network circle group rumor-
mongering behavior announcement. 2022-04-28, Available from, https://www.shanghai.gov.cn/nw12344/20220408/4cff5c¢502d204f05a868556e717ealc9.
html. (Accessed 30 September 2022).

Shanghai Municipal People’s Government, Decision of the Standing Committee of Shanghai Municipal People’s Congress on further promoting and securing the
construction of "One network unified management" for urban operation, Available from, https://www.shanghai.gov.cn/nw12344/20220610/
lebd861dc6aa4b6f8fd762281ab9405e.html, 2022-05-24. (Accessed 5 October 2022).

M. Shao, Q. Liang, D. Yan, et al., Application of fuzzy comprehensive evaluation on COGAG power plant of performance, J. Power Energy Eng. 2 (9) (2015)
29-34.

R. Hu, R. Hu, Y. Zhang, et al., Research on evaluation of university emergency management ability based on BP neural network, Int. J. Environ. Res. Publ.
Health 20 (5) (2023) 3970.

M. An, M.F. Liu, Hui An, et al., Systematic evaluation of emergency management capacity for rural public health emergencies, Int. J. Disaster Risk Reduc. 85
(2023) 103493.

17


http://refhub.elsevier.com/S2405-8440(24)06347-3/sref58
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref59
https://doi.org/10.1007/s10462-022-10161-0
https://doi.org/10.1007/s10462-022-10161-0
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref61
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref62
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref62
http://www.sx-dj.gov.cn/ddsx/202201/20220208/62634.shtml
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref65
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref65
https://baijiahao.baidu.com/s?id=1721166062568294775&amp;wfr=spider&amp;for=pc
https://baijiahao.baidu.com/s?id=1721166062568294775&amp;wfr=spider&amp;for=pc
https://baijiahao.baidu.com/s?id=1721203502687714868&amp;wfr=spider&amp;for=pc
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref68
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref68
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref69
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref69
https://baijiahao.baidu.com/s?id=1721016338451633871&amp;wfr=spider&amp;for=pc
https://baijiahao.baidu.com/s?id=1721016338451633871&amp;wfr=spider&amp;for=pc
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref71
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref71
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref72
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref72
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref73
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref73
http://www.xa.gov.cn/gk/wsjkly/zccs/64d49745f8fd1c1a70369d12.html
http://www.xa.gov.cn/gk/wsjkly/zccs/64d49745f8fd1c1a70369d12.html
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref75
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref75
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref76
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref76
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref77
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref77
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref78
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref78
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref79
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref79
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref80
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref80
https://www.wuhan.gov.cn/zwgk/xxgk/zfwj/szfwj/202101/t20210119_1603138.shtml
http://fangyishouce3.zhongqingjuzi.com/fangyishouce3/mobile/index.html
http://fangyishouce3.zhongqingjuzi.com/fangyishouce3/mobile/index.html
https://www.shanghai.gov.cn/nw12344/20220408/4cff5c502d204f05a868556e717ea1c9.html
https://www.shanghai.gov.cn/nw12344/20220408/4cff5c502d204f05a868556e717ea1c9.html
https://www.shanghai.gov.cn/nw12344/20220610/1ebd861dc6aa4b6f8fd762281ab9405e.html
https://www.shanghai.gov.cn/nw12344/20220610/1ebd861dc6aa4b6f8fd762281ab9405e.html
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref85
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref85
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref86
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref86
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref87
http://refhub.elsevier.com/S2405-8440(24)06347-3/sref87

	Government’s public panic emergency capacity assessment and response strategies under sudden epidemics: A fuzzy Petri net-b ...
	1 Introduction
	2 Literature review
	3 Construction of the model
	3.1 Establishment of the index system
	3.2 FPN assessment model
	3.2.1 Construction of the FPN assessment model
	3.2.2 Reasoning steps

	3.3 Reasoning rules of the FPN
	3.3.1 Fuzzy variable analysis
	3.3.2 Fuzzy reasoning rules
	3.3.3 Strategy sets


	4 Case study
	4.1 Background
	4.2 Fuzzy reasoning algorithms
	4.2.1 Parameter solving
	4.2.2 Operations of the FPN assessment model
	4.2.3 Operations of the reasoning rules


	5 Discussion
	5.1 Results discussion
	5.2 Validity discussion
	5.3 Values discussion
	5.3.1 Theoretical values
	5.3.2 Practical values


	6 Conclusion
	Funding statement
	Ethics declarations
	Data availability statement
	CRediT authorship contribution statement
	Declaration of competing interest
	Appendix A Supplementary data
	References


