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Abstract

The COVID-19 pandemic now affects the entire world and has many major effects on the global economy, environment, health,

and society. Focusing on the harm COVID-19 poses for human health and society, this study used system dynamics to establish a

prevention and control model that combines material supply, public opinion dissemination, public awareness, scientific and

technological research, staggered work shifts, and the warning effect (of law/policy). Causal loop analysis was used to identify

interactions between subsystems and explore the key factors affecting social benefit. Further, different scenarios were dynam-

ically simulated to explore optimal combination modes. The main findings were as follows: (1) The low supervision mode will

produce a lag effect and superimposed effect on material supply and impede social benefit. (2) The strong supervision mode has

multiple performances; it can reduce online public opinion dissemination and the rate of concealment and false declaration and

improve government credibility and social benefit. However, a fading effect will appear in the middle and late periods, and over

time, the effect of strong supervision will gradually weaken (but occasionally rebound) and thus require adjustment. These

findings can provide a theoretical basis for improving epidemic prevention and control measures.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic has

posed serious threats to human health, society, and cities sus-

tainability (Irfan et al. 2020; Elavarasan et al. 2021), placing

great pressures on governments to intervene (World Health

Organization 2020). This has created an urgent need to find

strategies to effectively reduce the harm caused by COVID-19

as well as any future epidemics. Many studies have investi-

gated emergency management and epidemic prevention and

control strategies related to COVID-19. Epidemiological stud-

ies have established prediction models based on existing data

(Zhou et al. 2020) and have identified the phenomenon of

human transmission in China (Riou and Althaus 2020).

Hassen et al. (2021) proposed a susceptible–infectious–re-

moved (SIR)–Poisson model to predict the range of future

infections. Hoch et al. (2018), meanwhile, established a sus-

ceptible–infectious–removed–susceptible (SIRS) model to

simulate dynamic infection in a multigroup system. In the

aspect of transmission dynamics of COVID-19, Zhao et al.

(2021) discussed the importance of individual-specific case

management strategies to mitigate the COVID-19 pandemic

by lowering the transmission risks of potential super-spreaders

with priority. Coccia (2020a) proposed the Index c that quan-

tifies to estimate the environmental risk of exposure of cities to

future epidemics of COVID-19. Scholars described some fac-

tors in society driven by the interaction between air pollution

(Razzaq et al. 2020; Coccia 2021a; Coccia 2021b) and
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meteorological factors (Coccia 2020b; Irfan et al. 2021a), es-

pecially for NO2 and PM2.5 (Iqbal et al. 2021). Rahimi et al.

(2021) found that the bidirectional association between

COVID-19 and the environment and appealed countries

need to pay extra attention to sustainable development

themes and goals. Such studies provide a reference for

improving epidemic prevention and control policies.

Regarding specific prevention and control strategies, Li

(2020) provided practical suggestions in areas such as shop-

ping, walking and exercise, preventive measures at home, and

personal protection. Using block chain technology, Marbouh

et al. (2020) identified ways to improve data authenticity by

reducing delays in regulatory approvals while also reducing

the degree of public panic. Wang et al. (2021) believed that

heterogeneous interventions can reduce both the peak infec-

tion rate and the total infected population.

In terms of science and technology, studies have proposed

intelligent algorithms to predict the number of confirmed

cases (Roosa et al. 2020; Pirouz et al. 2020). Hu et al.

(2020) and, meanwhile, proposed an AI system for the real-

time prediction of COVID-19 to estimate the lifetime of the

virus. Hamed et al. (2021) introduced a classical classification

algorithm to efficiently and accurately classify COVID-19

cases.Malki et al. (2021) developed a machine learningmodel

to predict the estimation of the spread of the COVID-19 in-

fection in many countries. To ensure data security for infected

patients, one study developed an improved method for

encrypting images from coronavirus patients’ computed to-

mography chest scans (Reyad and Karar 2021).

Regarding emergency management strategies, system dy-

namics has been used to identify the key factors affecting the

speed of emergency material allocation and transportation;

specifically, reducing the time lag in government response to

emergency information and improving emergency manage-

ment material scheduling were found to improve the speed

of emergency material allocation and transportation (Li et al.

2015). Examining public opinion dissemination with regard to

water pollution events, Yu et al. (2015) proposed that public

opinion can be better managed by improving media transpar-

ency, speeding up government response, and enhancing the

government’s crisis management abilities. Another study,

meanwhile, investigated panic buying behaviors in the context

of events such as the Fukushima Daiichi nuclear disaster,

Sichuan earthquake, swine flu pandemic, and SARS (Zhao

et al. 2015). Through the comparative analysis of the first

and second wave of COVID-19 to assess its impact on health

of people, and then design effective countermeasures to re-

duce the negative benefits (Coccia 2021c).

COVID-19 poses both opportunities and challenges for so-

cial development (Hoang et al. 2021). Generally, increased in-

vestment in clean energy has had positive effects on the econ-

omy and employment (Mehrotra et al. 2020; Hepburn et al.

2020) while helping to achieve emission reduction targets

(Kuzemko et al. 2020). COVID-19, meanwhile, has had serious

effects on the global economy and on energy systems (Abu-

Rayash and Dincer 2020; Chakraborty and Maity 2020) via

business closures and the suspension of public transport

(Wright 2020). The economic harm caused by COVID-19 in-

cludes supply chain interruptions and food crises (Carmen and

Reinhart 2020). With regard to environmental effects,

Elavarasan et al. (2020) noted that border closures and travel

bans have greatly reduced the use of personal vehicles.

The abovementioned research has investigated emergency

management strategies from different perspectives and made

corresponding policy suggestions, providing useful references

for improving emergency management and control policies.

However, in the face of a major pandemic, prevention and

control measures still have the following deficiencies:

(1) In the early stages of COVID-19, poor management of

public opinion dissemination and weak incentive mea-

sures for the supply of materials led to a widespread

phenomenon of “panic buying” in supermarkets.

(2) The medium- and long-term effects of certain prevention

and control measures remain unclear, leading to signifi-

cant short-term effects and “fading” long-term effects.

For example, some urban communities adopted unified

travel time frames, which resulted in a “gathering phe-

nomenon” among shoppers, thus increasing the risk of

transmission.

In view of the above, this study aimed to expand the re-

search on improving the long-term effects of epidemic pre-

vention and control countermeasures in urban settings. A new

mode was designed that combines prevention and control

countermeasures in terms of economic means (e.g., incentives

such as subsidies), legal means (e.g., the warning effect of

policies and regulations), administrative means (e.g., enhanc-

ing government credibility and increasing science publicity,

education, and training), and technical means (e.g., R&D in-

vestment, professional talent introduction, platform support).

Dynamic simulation was used to analyze negative effects such

as panic buying rates, concealment rates, and delayed

reporting rates for emergency supplies. Finally, this study ex-

plored effective prevention and control strategies to improve

existing management and control modes.

Materials and methods

System dynamics modeling of the factors affecting
social benefit

Figure 1 shows the causal loop diagram.With regard to public

opinion dissemination and the harm caused by events, the

main loops are Loop 1–Loop 6.
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Loop 1 The increasing dissemination of online public opinion

stimulates the attention of netizens, thus increasing the num-

ber of posts and the participation rate of netizens, ultimately

intensifying online public opinion dissemination. This loop is

a positive feedback loop. At first, public opinion dissemina-

tion starts to increase, and under the effect of the loop, such

dissemination is further strengthened.

Loop 2 Loop 2 is also a positive feedback loop, where online

public opinion dissemination increases through the growth of

online media participation. Therefore, Loop 1 and Loop 2

intensify the heat of online public opinion through netizens

and through online media, respectively. The improved open-

ness of government information will improve the boosting

efficiency of science and technology research, reduce the in-

fluence of events, reduce attention from Internet users, reduce

the participation rate of online media, and finally cool public

opinion.

Loop 3 Increased public opinion dissemination online will

spur the government to pay more attention, and the amount

of news releases will correspondingly increase to improve

government participation. Improved government participation

will improve the ability to deal with crisis events and thereby

increase public satisfaction, improve government credibility,

and reduce the intensity of online public opinion. In addition,

an overall coordination strategy can improve the ability to deal

with crisis events and ultimately reduce the intensity of online

public opinion. This is a negative feedback loop. Under the

effect of this loop, public opinion dissemination is alleviated

to a certain extent.

Loop 4 Loop 4 is also a negative feedback loop that reduces

the rate of concealment and delays in reporting through warn-

ing effects (legal measures) and punishment (economic mea-

sures). The reduction of concealment and delays in reporting

can improve the ability to deal with crisis events, thereby

increasing public satisfaction, improving government credi-

bility, and ultimately reducing the dissemination of online

public opinion.

Loop 5 and Loop 6 Loop 5 and Loop 6 are both negative

feedback loops. Loop 5 can increase social benefit by

improving staggered travel efficiency, thus improving

public satisfaction and government credibility and

cooling online public opinion. Loop 6 introduces a stag-

gered travel strategy according to the amount of rush

purchasing of emergency materials to mitigate that
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Fig. 1 Causal relationship diagram

3946 Environ Sci Pollut Res  (2022) 29:3944–3957



phenomenon and reduce the overall harm and influence

of the event.

Loop 7 and Loop 8 In terms of improving social benefit, the

main loops are Loop 7 and Loop 8. Loop 7, for example, is a

negative feedback loop. The key measure is to reduce the rate

of concealment and delays by strengthening the warning ef-

fect and punishment via policies and regulations, which will

finally achieve the purpose of improving social benefit.

In summary, the key factors for reducing the dissemination

of online public opinion are improving government credibili-

ty, enhancing science and technology research efficiency, and

improving the ability to deal with crisis events. Among them,

administrative means include strengthening publicity and

guidance and improving the efficiency of staggered travel to

enhance public satisfaction. Through a combination of tech-

nical measures, economic measures, administrative measures,

and policies and regulations, we can improve government data

and information disclosure to improve the efficiency of sci-

ence and technology research. Improving information open-

ness is conducive to improving government credibility.

Improving government supervision, communication efficien-

cy, prediction accuracy, and government response time will

also improve government credibility. Therefore, coordinating

multiple policies can provide a guarantee for effectively im-

proving government credibility and the efficiency of tackling

scientific and technological problems. Measures for improv-

ing the ability to deal with crisis events include strengthening

the warning effect of policies and regulations (legal mea-

sures), increasing punishment for concealment and delay (eco-

nomic measures), and improving the overall coordination (ad-

ministrative measures). This combination of legal, economic,

and administrative means can effectively improve the ability

to deal with crisis events.

Based on the loop analysis described above, combinedwith

existing research (Li et al. 2015; Yu et al. 2015), a system

dynamics model was established for prevention and control

strategies during epidemic emergencies (see Fig. 2).

Data sources

The model mainly includes public opinion dissemination,

emergency material supply, and social benefit subsystems.

This study took the demand and supply of agricultural prod-

ucts (e.g., vegetables) in Zhengzhou during the period of ep-

idemic prevention and control as an example. Data sources

were divided into three types: statistical yearbook + simple

calculation (e.g., determining the initial value of emergency

material inventory in Zhengzhou), real situation + simple cal-

culation (e.g., constructing an emergency material demand

prediction model; this needed to consider three aspects, per

capita demand, urban population development trend, and

emergency material rush purchasing; urban population

development needed to be determined according to the aver-

age population of Zhengzhou and actual changes in recent

years), and the existing literature (e.g., existing work on online

public opinion dissemination, government attention, publicity

and guidance, social benefit).

Data analysis and variables measure

Public opinion dissemination subsystem

The main variables of this subsystem include degree of gov-

ernment attention, participation rate of Internet users, partici-

pation rate of network media, degree of government data shar-

ing, government credibility, public satisfaction, publicity and

guidance efforts, and popularity of online public opinion. The

typical equations are as follows:

(1) Popularity of online public opinion=k1*participation rate

of Internet users*100+k2*participation rate of network

media*100-k3*public satisfaction

(2 ) Guaran tee mechan i sm of government da ta

opening=m1*financial support+m2*management lev-

el+m3*technical support+m4*policies and regulations

(3) Degree of government data sharing= WITH LOOKUP

(guarantee mechanism of government data opening, ([(0,

0) - (1, 100)], (0, 0), (0.1, 5), (0.2, 10), (0.3, 15), (0.4, 25),

(0.5, 40), (0.6, 60), (0.7, 75), (0.8, 85), (0.9, 90), (1, 95)))

(4) Government credibility= 0.2*degree of information pub-

licity + 0.2*supervision of emergency material dis-

patch*100+ 0.2*communication efficiency*100 +

0.2*predict ion accuracy*100 + 0.2*react ion

efficiency*100

(5) Reaction efficiency= WITH LOOKUP (response time,

([(0, 0) - (10, 1)], (0, 1), (1, 0.8), (2, 0.65), (3, 0.5), (4,

0.4), (5, 0.35), (6, 0.3), (7, 0.25), (8, 0.2), (9, 0.1), (10,

0)))

Popularity of online public opinion was determined by the

participation rate of Internet users, the participation rate of

Internet media, and public satisfaction, where 0 < k1 < 1;

∑3
i−1k1 ¼ 1 Factors affecting the guarantee mechanism of

government data opening included financial support, manage-

ment level, technical support, and policies and regulations,

where0 < m1 < 1;∑4
m−1m1 ¼ 1 .

This subsystem combines economic measures (e.g., finan-

cial support), administrative measures (e.g., improving man-

agement level), technical measures (e.g., technical support),

and legal measures (e.g., policies and regulations) to improve

the openness of government data and information and thereby

enhance government credibility. This, in turn, can enhance

public satisfaction and reduce the intensity of online public

opinion dissemination.
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Emergency material supply subsystem

(1) Emergency material inventory= INTEG (storage rate-

rush rate, 4.5e+006)

(2) Amount of rush purchase for emergency supplies=

INTEG (rush rate, 0)

(3) Amount of emergency material demand= per capita

demand*development trend of urban population

+α*amount of rush purchase for emergency supplies

(4) Publicity and guidance efforts=λ1*special training for

key personnel +λ2*all-staff education of managers

+λ3*online consultation for experts +λ4*interpretation

of official documents +λ5*popular science education

for the public

Publicity and guidance efforts were determined by the spe-

cial training for key personnel, the all-staff education of man-

agers, the online consultation for experts, the interpretation of

official documents, and popular science education for the pub-

lic, where 0 < λi < 1;∑4
λ−1λi ¼ 1 The amount of emergency

material demand was determined by per capita demand, the

development trend of the urban population, and the amount of

rush purchasing for emergency supplies, where0 <α < 1.

Through the combination of administrative means (e.g.,

allocating special passage for material supply) and economic

means (e.g., incentives for material suppliers), this subsystem

can shorten delays in emergency material supply, improve

scheduling speed, and reduce the inventory shortages of emer-

gency materials.
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Fig. 2 System dynamics model of factors affecting social benefit in the context of major epidemic emergencies
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Social benefit subsystem

Factors affecting the social benefit subsystem included thrust

efficiency of tackling key problems in science and technology,

execution efficiency of staggered work shifts, ability to deal

with crisis events, rate of concealment and false declaration,

and public’s cognitive beliefs. The typical equations are as

follows:

(1) Social benefit= n1*thrust efficiency of tackling key prob-

lems in science and technology+n2*execution efficiency

of staggered work shifts+n3*public’s cognitive beliefs/

100-n4*rate of concealment and false declaration+n-

5*ability to deal with crisis events/100. Where

0 < n1 < 1;∑5
n−1n1 ¼ 1 .

(2) Rate of concealment and false declaration= 0.1*EXP (-

degree of government attention/100)+ 0.4*EXP (-

warning effect of policies and regulations) +0.5*EXP (-

punishment intensity)

(3) Thrust efficiency of tackling key problems in science and

technology= 0.2*platform support+0.3*introduction of

professional talent+0.25*R&D investment+0.25*degree

of information publicity/100

(4) Ability to deal with crisis events= 0.4*rate of govern-

ment participation*100+0.3*overall planning and coor-

dination*100+0.3*EXP (-rate of concealment and false

declaration)*100

Results

Model test

In Fig. 3a, when the extreme value=0.05, the speed of the rush

rate declines rapidly in the short term but is still rising in the

medium and long term. When the extreme value=0.95, the

speed of the rush rate will gradually stabilize.

Accordingly, in Fig. 3b, curve 1 also continues to rise

(when the extreme value=0.05), while the rising speed of

curve 2 is inhibited (when the extreme value=0.95). These

results are consistent with reality; the model is therefore

reasonable.

Dynamic simulation analysis

Administrative, economic, and technical measures were

divided into three modes: low, medium, and strong.

These were defined as current (scenario 1), current+△X

(scenario 2), and current+2△X (scenario 3). Figure 4

shows the simulation results, assuming the initial value

is 0.35, and △X=0.25.

Figure 4a shows that the storage rate is still on the rise

under the actions of scenario 1 and scenario 2, while under

the strong supervision mode (scenario 3), it is gradually sta-

bilized after the 30th day (curve 3).

In Fig. 4b, with the increasing degree of supervision, the

speed of the rush rate will decline in varying degrees. Under

the action of scenario 3, after the 25th day, the rush rate will

gradually stabilize. Similarly, from scenario 1 to scenario 3,

the degree of government data sharing and information pub-

licity are also greatly improved (Fig. 4c and d).

Figure 4 also shows that the gap between curve 1 and curve

3 gradually narrows. The results show that the increasing de-

gree of supervision has a marginal decreasing effect on the

improvement of the storage rate, rush rate, degree of govern-

ment data sharing, and degree of information publicity.

Therefore, the greater the degree of supervision, the better;

this should follow the “moderate principle.” In particular,

Table 1 shows that compared to the initial scenario, the strong

supervision mode can effectively reduce the rush rate and

storage rate by 71.74% and 70.90%, respectively, while the

degrees of government data sharing and information publicity

are increased by 97.99% and 98%, respectively.

Multiple performances of the strong supervision
mode

Scenario 3 is taken as an example to explore the multiple

performances of the combined strategy through simulation;

Figure 5 shows the results. Government credibility (Fig. 5a)

and social benefit (Fig. 5c) continue to rise, the rate of con-

cealment and false declaration decline (Fig. 5b), and online

public opinion dissemination (Fig. 5d) declines significantly.

Table 2 (see Appendix) shows that government credibility

is in the high range and government credibility and social

benefit have increased by 24.31% and 14.93%, respectively.

The rate of concealment and false declaration have decreased

by about 33.48%, and online public opinion dissemination

declined by 50.27%.

Discussion

Superimposed effect

In Fig. 6a and b, as time goes by (after the 10th day), the curve

shows a rising trend. The reasons may be as follows: A single

limited travel time policy (e.g., 10:00–12:00 every day) in an

urban community can lead to the phenomenon of shopper

clustering (Buhat et al. 2021). The other reason could be a

lack of residents’ cognitive concepts (Ahmad et al. 2021;

Irfan et al. 2021b), as well as the delay of emergency supplies.

These factors can aggravate the phenomenon of “snapping

up” emergency materials (Fig. 6a). With the continuous
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growth of the speed of rush purchasing, the amount of the rush

purchasing of emergencymaterials also increases, which leads

to higher demand, resulting in a sharp rise in the expected

inventory of emergency materials.

Figure 6c and d show that under the low supervision mode,

public satisfaction and the degree of government attention are

in the lower middle level. On the one hand, although public

satisfaction has been improved, the improvement is very

limited (Fig. 6c); with the development of the epidemic, the

degree of government attention is declining (Fig. 6d). On the

other hand, the negative effect of the spread of online public

opinion and the existence of large concealment and delay rates

increase the risk of “breaking out again” (Yu et al. 2015).

More specifically, Table 3 (see Appendix) shows that the rush

rate has increased by about 21.95%, leading to an increase in

the expected inventory of emergency supplies by about
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107.12%. At the same time, public satisfaction only increased

by 13.49%, and degree of government attention decreased by

about 4.22%.

The superposition of multiple factors aggravates public

panic, resulting in the phenomenon of “shoppers gathering”

and “snapping up,” which leads to an increased demand for

and expected inventory of emergency materials, which further

inhibits social benefit.

Lag effect

In Fig. 7a, the curve first rises rapidly (stage 1: before the 10th

day), then decreases gradually (stage 2: between 10 and 20

days), and finally rebounds (stage 3: after the 20th day). The

results in Table 4 (see Appendix) show that the inventory

shortage of emergency materials initially increased by about

five times (stage 1), then decreased by about 31.25% (stage 2),

rebounded after the 20th day, and continued to rise, increasing

by 95.14% at the end of the simulation. The reason could be as

follows: At first, the government gradually introduces a series

of epidemic prevention and control measures, but the low

supervision mode caused the amount of rush purchasing for

emergency supplies to continue to rise, resulting in a sharp

increase in inventory shortages and leading to a lag effect.

Policy implementation restrained the rapid growth of the

emergency supply rush rate in the short term and reduced

inventory shortage to a certain extent. However, due to a lack

of government supervision, the effect of prevention and con-

trol gradually declined or was even invalidated. In addition,

the continuous deterioration of the epidemic situation led to a

sharp rise in the expected inventory, eventually leading to a

“rebound” in the inventory shortage.
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Fig. 5 Multiple performances of the strong supervision mode. a Government credibility; b rate of concealment and false declaration; c social benefit; d

popularity of online public opinion

Table 1 Comparative analysis of different scenarios

Variable Scenario 1 (current) Scenario 2 (current+△X) Scenario 3 (current+2△X) Variation (%)

Storage rate (kg/day) 646,205 362,725 188,034 −70.90

Rush rate (kg/day) 606,027 333,130 171,259 −71.74

Degree of government data sharing 44.80 74.85 88.70 97.99

Degree of information publicity 42.56 71.11 84.27 98.00
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Similarly, Fig. 7b and Table 4 show that the curve rises

slowly (before the 30th day), only increasing by about

2.55%, thus showing a lag phenomenon.

The above results show that the low supervisionmode has lag

effect (in the early stage) and a rebound effect (during the middle

and late stages) on emergency material inventory balance. The

effect of thrust efficiency on tackling key problems in science

and technology is limited, showing an obvious lag.

Fading effect

Although the strong supervision model has multiple perfor-

mances (see Fig. 5 and Table 2), with the passage of time and

the development of the epidemic, its effect will be gradually

weakened or will even rebound.

Figure 8 and Table 5 (see Appendix) show that under the

strong supervision mode, the degree of government data
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Fig. 6 Superposition effect under the low supervision mode. aRush rate; b expected inventory of emergency materials; c public satisfaction; d degree of

government attention

Fig. 7 Lag effect under the low supervision mode. a Inventory shortage of emergency materials; b thrust efficiency of tackling key problems in science

and technology
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sharing is greatly improved, reaching 88.70 at the end of the

simulation, while the ability to deal with crisis events is at a

medium level (44.91–47.16). The improvement in the degree

of government data sharing is conducive to improving the

thrust efficiency of tackling key problems in science and tech-

nology. Improving the ability to deal with crisis events and the

thrust efficiency of tackling key problems in science and tech-

nology can promote social benefit.

The following results can also be obtained from Fig. 8 and

Table 5: In Fig. 8a and Table 5, the growth rate of the curve

decreases gradually (from the 45th day to the 80th day) from

3.85 to 0.43, resulting in fading effect. After the 80th day,

there are signs of rebound, but the effect is not significant

(−0.34%). In Fig. 8b, the curve rises slowly (between 45 and

55 days), and after the 55th day, there is a rebound (−1.42%).

Conclusions

In consideration of the harm of COVID-19 to human health

and society, this study took the supply of agricultural products

(e.g., vegetables) as an example and used causal feedback

analysis to analyze the interactions between public opinion

dissemination, material supply, staggered work shifts, public

awareness, legal warning effect, and the subsystem of scien-

tific and technological research and social benefit to establish

a prevention and control model. The main conclusions are

summarized below.

First, the public’s cognitive beliefs, the ability to deal with

crisis events, thrust efficiency in tackling key problems in

science and technology, and the rate of concealment and false

declaration are the main factors for improving social benefit.

Second, under the low supervision mode, the combined

effects of rush rate, public satisfaction, degree of government

attention, and other factors cause the expected inventory of

emergency supplies continue to increase, resulting in a super-

position effect. The low supervision mode has a lag effect on

the inventory shortage of emergency materials and thrust

efficiency for tackling key problems in science and technolo-

gy. On the one hand, policy implementation needs a period of

time to play a role, and the effect is not significant. On the

other hand, with the development of the epidemic, the rush

rate, degree of government attention, and public satisfaction

continue to deteriorate, further aggravating the degree of pub-

lic panic. In view of the superposition effect in the process of

epidemic prevention and control, a combined strategy is sug-

gested that includes administrative measures, economic mea-

sures, legal measures, and technical measures. A strict super-

vision mode should be adopted to curb the rapid rise in the

rush rate and the inventory shortage of emergency materials,

reduce the rate of concealment and false declaration, and fur-

ther weaken the harm caused by the lag effect and superposi-

tion effect.

Finally, strong supervision measures can promote govern-

ment credibility, inhibit online public opinion dissemination

and the rate of concealment and false declaration, and improve

social benefit. Although strong supervision measures have

multiple performances, they will nevertheless see a fading

effect in the long term. For the fading effect of the prevention

and control strategy, timely adjustments should be made in

terms of scope and strength to continuously improve and op-

timize the existing scenario. With regard to managing online

public opinion dissemination, there is a need to strengthen

publicity and guidance, enhance public awareness, and there-

by reduce the rush buying of emergency materials. By reliev-

ing rush buying and improving science and technology’s

boosting efficiency, public satisfaction can be improved, par-

ticipation by Internet users and media can be effectively guid-

ed, and online public opinion can be cooled.

There are still some limitations in this study. On the one

hand, due to the setting of system boundary, some secondary

factors are not written into the model. Through dynamic sim-

ulation, the medium- and long-term development trends of the

main factors are discussed, but more refined data are not ob-

tained. On the other hand, in view of the limited data, this

article focuses on the analysis of the social benefit by the

Fig. 8 Fading effect under strong supervision mode. a Degree of government data sharing; b ability to deal with crisis events
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strong supervision mode. However, the environmental and

economic benefits (Irfan et al. 2021c) of the model have not

been further discussed, which are the areas that need to be

improved in the future.

Appendix

Table 2 Influence of the strong

supervision mode on different

variables

Time Government

credibility

Rate of concealment and false

declaration

Social

benefit

Popularity of online public

opinion

1 69.06 0.7020 0.5942 8.4672

5 69.30 0.6981 0.5955 8.4063

10 69.62 0.6932 0.5972 8.3277

15 69.96 0.6837 0.5996 8.2420

20 70.32 0.6744 0.6020 8.1506

25 70.34 0.6564 0.6056 8.0465

30 71.18 0.6309 0.6101 7.9338

35 72.03 0.5963 0.6173 7.7205

40 72.90 0.5589 0.6248 7.5013

45 73.86 0.5182 0.6331 7.2591

50 74.88 0.4932 0.6398 7.0016

55 76.28 0.4821 0.6462 6.6480

60 77.68 0.4759 0.6520 6.2942

65 79.50 0.4721 0.6591 5.8310

70 81.36 0.4684 0.6663 5.3592

75 82.74 0.4667 0.6716 5.0070

80 84.13 0.4650 0.6769 4.6514

85 84.99 0.4660 0.6799 4.4308

90 85.85 0.4670 0.6829 4.2107

Table 3 Influence of low

supervision mode on main

variables

Time Rush rate (kg/

day)

Expected inventory of emergency

materials (kg)

Public

satisfaction

Degree of government

attention

1 495,618 3.48669 e+006 31.51 49.11

5 271,773 3.64618 e+006 31.53 49.10

10 243,935 3.76725 e+006 31.57 49.08

15 320,579 3.90482 e+006 31.60 49.06

20 354,610 4.07406 e+006 31.65 49.04

25 357,908 4.25231 e+006 31.70 49.02

30 366,274 4.43247 e+006 31.78 48.98

35 383,158 4.61881 e+006 31.92 48.91

40 401,025 4.81401 e+006 32.08 48.83

45 417,780 5.01789 e+006 32.30 48.73

50 434,890 5.23016 e+006 32.59 48.59

55 453,079 5.45120 e+006 32.96 48.40

60 472,175 5.68153 e+006 33.39 48.20

65 492,008 5.92155 e+006 33.90 47.95

70 512,602 6.17164 e+006 34.51 47.65

75 534,127 6.43222 e+006 34.95 47.44

80 556,529 6.70372 e+006 35.41 47.21

85 579,985 6.98664 e+006 35.59 47.13

90 604,396 7.22154 e+006 35.76 47.04
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Table 4 Influence of low supervisionmode on inventory shortages of emergencymaterials and the thrust efficiency of tackling key problems in science

and technology

Time Inventory shortage of

emergency materials (kg)

Thrust efficiency of tackling key

problems in science and technology

Time Inventory shortage of

emergency materials (kg)

Thrust efficiency of tackling key

problems in science and technology

1 −4.46215 e+005 0.2627 50 1.76786 e+006 0.2896

5 1.48942 e+006 0.2633 55 1.84259 e+006 0.2990

10 1.83125 e+006 0.2641 60 1.91933 e+006 0.3097

15 1.36018 e+006 0.2651 65 1.99964 e+006 0.3225

20 1.25890 e+006 0.2661 70 2.08351 e+006 0.3378

25 1.41025 e+006 0.2676 75 2.17091 e+006 0.3487

30 1.52295 e+006 0.2694 80 2.26206 e+006 0.3603

35 1.57361 e+006 0.2729 85 2.35722 e+006 0.3647

40 1.62503 e+006 0.2769 90 2.45663 e+006 0.3689

45 1.69351 e+006 0.2824 --- --- ---

Table 5 Effect of strong

supervision model on the degree

of government data sharing and

ability to deal with crisis events.

Time Degree of government data

sharing

Variation

(%)

Ability to deal with crisis

events

Variation

(%)

1 59.30 --- 44.91 ---

5 60.38 1.82 44.94 0.07

10 61.50 1.85 44.98 0.09

15 63.75 3.66 45.09 0.24

20 66.00 3.53 45.20 0.24

25 69.38 5.12 45.43 0.51

30 72.75 4.86 45.79 0.79

35 75.75 4.12 46.27 1.05

40 78.00 2.97 46.81 1.17

45 81.00 3.85 47.28 1.00

50 84.00 3.70 47.78 1.06

55 85.63 1.94 47.84 0.13

60 86.75 1.31 47.82 −0.04

65 87.50 0.86 47.70 −0.25

70 88.25 0.86 47.59 −0.23

75 88.63 0.43 47.48 −0.23

80 89.00 0.42 47.37 −0.23

85 88.85 −0.17 47.27 −0.21

90 88.70 −0.17 47.16 −0.23
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