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Abstract

Purpose

Although the outbreak of the Corona Virus Disease 2019 (COVID-19) occurred on a global

scale, governments from different countries adopted different policies and achieved different

anti-epidemic effects. The purpose of this study is to investigate whether and how the govern-

ment response affected the transmission scale of COVID-19 on the dynamic perspective.

Methodology

This paper uses a dynamic generalized moment method to research the relationship

between the government response and COVID-19 case fatality rate by using panel data

from eight countries: China, United States, Canada, Australia, Italy, France, Japan, and

South Korea.

Findings

We have the following findings: 1. Government responses have a significant impact on the

scale of COVID-19 transmission. 2. The rate of increase of government responses on the

growth rate of COVID-19 case fatality rate has the characteristics of cyclicity and repeatabil-

ity, that is, with the increase in the growth rate of government responses, the COVID-19

case fatality rate shows the following cyclical motion law: increasing first, reaching the maxi-

mum point, and then declining, and finally reaching the minimum point and then rising; ulti-

mately, its convergence becomes 0. The cyclical fluctuations of COVID-19 in the long term

may be caused by the decline in the level of government response, the mutation of the virus,

and the violation of restrictive policies by some citizens. 3. The government response has a

lag in controlling the spread of COVID-19.

Originality/Value

Since there is a lack of literature on the impact of government responses on the develop-

ment of COVID-19 from a long-term and dynamic perspective. This paper fills this gap in
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empirical research. We provide and expand new empirical evidence based on the current lit-

erature. This paper provides the basis for government decision-making and will help to for-

mulate the response to other major public health events that may occur in the future.

1. Introduction

In early 2020, COVID-19, which originated in China, gradually but inexorably spread around

the world. What had started as an epidemic evolved into a pandemic. COVID-19 is very easily

transmitted, mainly through close contact with others, and particularly through airborne

transmission [1], with a relatively high infection and mortality rate [2]. Governments around

the world have adopted different degrees and types of response policies to control the spread

of COVID-19. Different response policies in different countries correspond to different con-

trol effects. Countries such as Japan [3], South Korea [4], China [5], and Australia [6] have

achieved the desired results through strict control policies. European countries (https://www.

ecdc.europa.eu/en), some other Asian countries and South American countries originally

achieved some level of control through stringent policies, but once they were relaxed, new out-

breaks occurred.

Government response is the most important component of disaster management. [7] summa-

rized disaster management in four parts: mitigation, preparedness, response, and recovery. "The
response phase of disaster relief happens right after a disaster occurs and refers to any activities that
work to take care of the damage caused by the disaster" [7]. Research on government response and

disaster management involves seven aspects: 1. How to achieve the optimal allocation of resources

[8]; 2. Project schedule [9, 10]; 3. The interaction between the government and the company [11];

4. The evacuation process [12]; 5. The decision-making system [13]; 6. Network analysis [14–16];

7. Supply chain optimization [17]. Therefore, the impact of response on disaster management is

multidimensional. COVID-19 has also been a disaster for humans. Therefore, it is important to

study the impact of the government response on the scale of the pandemic to reduce the losses

caused by COVID-19. Unlike some public health emergencies in the past, COVID-19 is charac-

terized by long duration and rapid spread. COVID-19 continues to appear around the world

today. In contrast to the SARS virus, COVID-19 has not disappeared because of rising tempera-

tures. Therefore, it has been postulated that humans will continue to struggle with COVID-19 for

a long time. Consequently, based on the above background statement, it is important to investi-

gate the relationship between government response and COVID-19 control over the long term.

In the case of COVID, which continues to mutate, this is a dynamic relationship and is therefore

more difficult to control.

There is a lack of literature on the impact of government response on the development of

COVID-19 in the long-term from a dynamic perspective. To the best of our knowledge, no

such studies are found in the existing literature. This is the main motivation for pursuing this

research.

Against this backdrop, we propose the core research topic in this paper: the impact of the

government response on pandemic control in the long run. We put forward the following two

research questions:

Q1: Can the government response affect the spread of COVID-19 in the long run?

Q2: How has the government response affected the spread of COVID-19 in the long run?

The main contributions of this research are follows: First, we fill in the empirical evidence

for dynamic pandemic research. We examine the dynamic process of government responses
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to the development of COVID-19. Based on the dynamic trajectory of COVID-19, we provide

relevant policy recommendations. 2. Our findings will provide empirical evidence for manage-

ment of the COVID-19 outbreak and help governments make appropriate decisions.

In the second section, we will briefly review the literature on COVID-19 and government

response research. In the third section, we introduce an economic model and econometric

methods. In the fourth section, we make an empirical analysis. In the final section, we con-

clude the paper with policy implications.

2. Literature review

There is a lack of relevant economic literature on COVID-19, as it is a new theme for research.

We have searched extensively for literature on the issue of COVID-19 and government

responses but failed to locate any research outputs on this topic. In this paper, we intend to fill

this gap.

Existing literature on COVID-19 and government responses are all based on the Stringency

Index of the University of Oxford. [18] used the index to study the driving factors of citizens’

satisfaction with government responses. They found that citizens are more concerned about

the results of COVID-19 control than the policies the government had adopted. They also

found that citizens’ satisfaction with the government’s response varies greatly from country to

country. In conclusion, they analyzed a possible controversy: governments, in implementing

possible exit strategies to escape the current lockdown, generally try to strike the right balance

between the impact on public health (saving lives) and the impact on the economy (saving

jobs). Some governments would prefer to reopen their markets to minimize the impact of the

outbreak on their economies, while others are reluctant to take this course of action because it

could lead to a rapid increase in infections. This is also one of the problems addressed by this

paper. We will provide empirical evidence for this argument.

Delays in policy can lead to serious consequences. [19] studied the impact of policy

decisions on mortality. They found that policy delays increased mortality (travel restric-

tion policies, public advocacy policies, etc.). They believed that testing policies may also

have an impact on mortality rates. An increase in the number of tests might reduce the

death rate.

[20] studied the impact of restriction policies on COVID-19 in East Asia. They found that

the incidence of COVID-19 decreased after the implementation of a non-pharmacological

intervention. They judged that citizens’ responsibility, collectivism, and vigilance were the

three main reasons for the success of COVID-19 in East Asia. They undertook a short-term

analysis of the impact of the government response on COVID-19. However, the battle against

COVID-19 is long- term. In the long run, whether the government response (restriction pol-

icy) is effective for epidemic control remains a gap in the literature. This is also one of the

main problems analyzed in this paper.

Other studies have explained the informational impact of the government response on epi-

demic control. Before COVID 19 appeared, [21] had studied how a government should

respond to a pandemic. They considered that the best response would be transparency and

accountability. [22] researched the Philippine government’s response to the COVID-19 out-

break in the Philippines, demonstrating that transparency and good information delivery

mechanisms are key to dealing with public events.

Combining the above research literatures on COVID-19 with the government response, we

find that there is a lack of dynamic research on the long-term effects between the government

response and COVID-19. Whether and how the government response will affect the develop-

ment of the pandemic in the long term is a research gap in the existing literature.
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3. Methodology

3.1 Theoretical model

We firstly made basic assumptions about the model. According to the research object of this

paper: government response action and epidemic control, we first determined the independent

variable (government response) and the dependent variable (epidemic control). We made

assumptions about government and citizens, respectively. The government budget balance

required the following equation:

Gh
t � ψ t ¼ Tt � Gf

t þ yt ð3:1:1Þ

Where Gh
t denotes government spending to contain the epidemic (the cost of restrictions

such as travel bans, outdoor recreation bans etc.); ψ = (0,1) and if ψ = 0 represents no govern-

ment restriction policies, ψ = 1 otherwise. Tt represents tax. Gf
t denotes spending in addition

to spending in relation to restriction policy. θt is random error term.

The representative household maximizes the expected value of the following utility func-

tion:

UððJcÞtC
O
t ; StjG

h
t ψÞ ¼ CI

t þHðEt;Mt; Ft;G
h
t ψt; WÞ þ ðJ

ψtÞtC
O
t þ �

J
t ; ct ¼ 0; 1; i ¼ 0; 1 ð3:1:2Þ

Where instantaneous utility function U(�) has three independent variables: indoor con-

sumption, CI
t , outdoor consumption ðJψtÞtC

O
t and health level H, which is a latent variable. We

assume that Covid-19 is intertemporal. Et, Mt, Ft denotes standard medical conditions (includ-

ing medical facilities, medical technology etc.), mortality and infection rates during Covid-19,

respectively. CO
t denotes outdoor consumption. Therefore, ðJψtÞtC

O
t þ CI

t ¼ Ct.

ðJψt Þt ¼ ð0; 1Þ represents outdoor activities (including travel) which are dummy variables,

that is when ψt = 0, the government does not impose a travel ban and representative families

are free to exercise outdoors; when ψt = 1, the government imposes a travel ban and represen-

tative families follow the ban. ðJψtÞtC
O
t represents whether the government practiced (did not

practice) a policy of restraint, if ðJψt Þt ¼ 1ððJψt Þt ¼ 0Þ: St denotes household state, that is,

St ¼ fEt;Mt; Ft;Gh
t ψt;Ct; �

J
tg. ϑ is parameter. �Jt is unobserved utility received from J.

Let Ct þHðEt;Mt; Ft;Gh
t ψ t; WÞ þ �

J
t ¼ UðGh

t ψtÞ, Using [23] equation, the dynamic pro-

gramming can be expressed as follows:

VðSt; �
J
t jyt;ψtÞ

¼ UðGh
t ψtÞ þ �

J
t þ b

P
ψtþ1

pðψtþ1jStþ1Þ
P

Stþ1
Pψt
StStþ1

VðStþ1; �
J
tþ1
jytþ1;ψ tþ1Þ

h i
ð3:1:3Þ

Where β is the discount rate. pðψtþ1jStþ1Þ denotes environment transition probability, that

is, actions ψtþ1 2 Ψ ¼ fψt;ψ tþ1; . . . ;ψ tþng taken by representative families to maintain their

state St+1. Pψt
StStþ1

is the state transition probability, that is, the probability that the state of a rep-

resentative household transitions from St to St+1 after acting ψt in period t. To simplify the

model, we assume the probability that the state of a representative household transitions from

St to St+1 is equal to 1, and since representative families are based on perfectly rational assump-

tions, they choose the optimal action (ψt)
�. Therefore, the optimal Bellman equation can be re-

expressed as follows:

VðSt; �
J
t jyt;ψtÞ ¼ UðGh

t ψtÞ þ �
J
t þ bVðStþ1; �

J
tþ1
jytþ1;ψtþ1Þ¼)VðStþ1; �

J
tþ1
jytþ1;ψtþ1Þ ¼ E max

ψtþ1

VðStþ1; �
J
tþ1
jytþ1;ψtþ1Þ

� �

We also assume that there is a time lag from the time a government announces the restric-

tion policies to the time the government implements them. Therefore, there may be dynamic
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inconsistencies. The representative family only knows the probability density function of the

restriction policy f(ψ), ψ which follows logistic distribution. Therefore, Eq (3) can be re-written

under uncertainty:

E VðSt; �
J
t jyt;ψtÞ

� �
¼

Z

Rþ

VðSt; �
J
t jyt;ψtÞf ðψtÞdψt

We use backward recursion to solve the Eq (3). Thus, the initial value can be expressed as

follows:

VðS0; �
J
0
jy0;ψ0Þ ¼ b

X

ψ0

pðψ1jS1Þ
X

S1

Pψ0

S0S1
VðS1; �

J
1
jy1;ψ1Þ

� �

To sum up, the initial value problem can be written as follows:

VðSt; �Jt jyt;ψtÞ ¼ UðGh
t ψtÞ þmaxψtþ1

fb
R

Rþ
VðStþ1; �

J
tþ1jytþ1;ψ tþ1Þf ðψ tþ1Þdψ tþ1g

s:t:VðS0; �
J
0jy0;ψ0Þ ¼ b½

P
ψ0
pðψ1jS1Þ

P
S1
Pψ0

S0S1
VðS1; �

J
1jy1;ψ1Þ�

ð3:1:4Þ

(

3.2 Data

Since panel data contains more information and can minimize estimation bias [24], we chose

panel data analysis based on eight countries: China, the United States, Canada, Australia,

France, Italy, Japan, and South Korea. These countries are selected because they have been

greatly affected by COVID-19 and/or have complete relevant data. Other countries that are

heavily affected by COVID-19, such as the United Kingdom, Brazil, and India, have not been

included in this paper due to incomplete statistical data. Our aggregate sample data are

monthly.

In fact, we face the problem of insufficient control variables due to lack of data. According

to the conclusion of the economic model above, our control variables should have included

age, gender, outdoor consumption per month, indoor consumption per month, total number

of hospitals per month, ICU beds per month, average education level of medical staff, and hap-

piness index of citizens. Therefore, for those variables that lack of data, we can only substitute

other variables for observations. We use a country’s economic growth rate to indirectly

observe a country’s health environment, including total number of hospitals per month, ICU

beds per month, average education level of medical staff. We can indirectly observe the health

environment of a country through its economic growth rate. It is true that the health environ-

ment observed through economic growth rates is not very accurate. However, since we use the

monthly data from 2020, which is micro data, the statistical imperfections of the healthcare

environment in various countries leads us to use other control variables to replace the original

control variables. We reviewed many databases online, and we originally intended to replace

the growth rate of the economy with better health care expenditure as a control variable for the

health care environment. However, we found that countries’ health expenditure was only

counted up to 2018 or 2019. For the above reasons, we chose the economic growth rate as a

surrogate variable for the medical environment. The better a country’s economic development,

the better its infrastructure and the more it invests in people’s livelihoods. We will further

explain the econometric variables in section 4.

The original sample data of the dependent variable (the number of confirmed cases) and

the independent variable (the government response) are collected from the Stringency Index

for Government Response during COVID-19 (from 2020-01-01 to 2021-02-30) of the Univer-

sity of Oxford [25], which are collected in the form of daily statistics (Source: https://

ourworldindata.org/grapher/covid-stringency-index). [25] launched the Oxford COVID-19
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Government Response Tracking System (OxCGRT), which provides a systematic way to track

national and local jurisdictions’ response to COVID-19 over time. They combined the data

into a series of novel indices that combined various government responses. These indices are

used to describe changes in these responses, explore whether they affect infection rates, and

determine correlations between different degrees of response. Our raw data of control vari-

ables (GDP growth rate and inflation rate) and instrument variable (Government Budget)

have been collected from the Take-Profit Organization website (Source: https://take-profit.

org/en/). We used the quadratic interpolation to convert frequency for these data from daily to

monthly.

3.3 Econometric approach

Our data belong to large “T” (Time) and small “N” (Cross-section). Thus, we need to carry out

a unit root test, co-integration test and causality test on the time series of variables to ensure

their stationarity, their long-term equilibrium relationship and their statistical causality. The

following unit root tests will be used to underpin our paper: [26–28], augmented Dickey–

Fuller (ADF) and Phillips-Perron (PP). We will use the covariance test of [29] and [30] to test

whether there is a long-term equilibrium relationship between our variables.

We briefly introduce two methods of unit root test extended by the ADF test. [26] proposed

the LLC test method. The LLC test adopts the ADF test form as follows:

Dyit ¼ Zyit� 1 þ
Xpi

j¼1

bijDyit� j þ x0itδ þ uit; i ¼ 1; 2; . . . ;N t ¼ 1; 2; . . . ;T

Where η = ρ−1, pi denotes the lag order of the ith cross-section. The null hypothesis of the

LLC test is that each cross-section sequence in panel data has the same unit root, and the alter-

native hypothesis is that each cross-section sequence has no unit root, that is, H0: η = 0, H1:

η<0. The [27] test is similar to the LLC test. Its null hypothesis denotes that each cross-section

sequence in panel data has a unit root, and proxy variables of Δyit and yit−1 are used to estimate

parameters η. However, the form of proxy variables in the Breitung test is different from that

in LLC test. The Breitung test first eliminates the influence of dynamic item Δyit−1 from Δyit
and yit−1, then standardizes and obtains the corresponding proxy variables through regression,

and finally uses the proxy variables to make regression Dy�it ¼ Zy
�
it� 1
þ εit, and estimate param-

eters η.

[28] further extended the LLC test. They first performed the following unit root test on

each cross-section member:

Dyit ¼ Ziyit� 1 þ
Xpi

j¼1

bijDyit� j þ x0itδ þ εit; i ¼ 1; 2; . . . ;N t ¼ 1; 2; . . . ;T

Therefore, the null hypothesis of the Im-Pesaran-Shin test is H0: ηi = 0, for all i, the alterna-

tive hypothesis is H1 :
Zi ¼ 0; for i ¼ 1; 2; . . . ;N1

Zi < 0; for i ¼ N1 þ 1;N1 þ 2; . . . ;N

(

. After the unit root test for

each cross-section, they use the t statistics: tiTiðpiÞ of a single cross-section to construct whether

the whole panel data has the t statistics: tNT ¼

PN

i¼1
tiTi ðpiÞ

� �

N of the unit root. If the cross section

contains the lag term, it provides a statistic of asymptotic normal distribution using

WtNT
¼

ffiffiffi
N
p
ðtNT � N� 1

PN

i¼1
E tiTi ðpiÞð ÞÞffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

N� 1
PN

i¼1

varðtiTi ðpiÞÞ

r ! N 0; 1ð Þ.
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[29] proposed the co-integration test method of panel data based on the two-step method

of Engle and Granger. Based on the regression residual of the co-integration equation, this

method constructed 7 statistics to test the co-integration relationship among panel variables.

The null hypothesis of the Pedroni test is that there is no co-integration relationship between

panel variables. The Pedroni test assumes that cross-section individuals are independent of

each other and the error process is stable, and its asymptotic covariance matrix is

Ωi ¼ limT!1 E½T � 1ð
PT

t¼1 itÞð
PT

t¼1
0

itÞ� ¼ Ω0

i þ Γi þ Γ0i, where Ω0

i denotes covariance, Γi

denotes the weighted sum of auto-covariance. Pedroni used the following assistant regression:

ûit ¼ riûit� 1 þ vit; i ¼ 1; 2; . . . ;N to test yit ¼ ai þ dit þ x0itβi þ uit to obtain whether the

residual sequence is stable. In the stationarity test of residual errors, the specific null hypothesis

and alternative hypothesis used by Pedroni can be divided into two situations: <1.

H0 : ri ¼ 1; H1 : ðri ¼ rÞ < 1.<2. H0 : ri ¼ 1; H1 : ri < 1.

[30] uses the same basic method as the Pedroni test. However, the biggest difference

between them is that in the first stage of the Kao test, the regression equation is set as each

cross-section individual has different intercept terms and the same coefficient, and all trend

coefficients are set as 0.

One of the advantages of panel data is that it enables researchers to better understand the

dynamic adjustment process. The dynamic panel data has the common feature that the regres-

sion variables contain delayed explained variables. Therefore, based on the dynamic program-

ming (3.1.4), our regression model adopts the differential generalized moment estimation

method proposed by [31] and the orthogonal generalized moment estimation method pro-

posed by [32]. Our form of regression equation can be expressed as follows:

yit ¼
Pp

h¼1
�hyit� h þ

PK
k¼1
bkxkit þ uit; i ¼ 1; 2; . . . ;N t ¼ 1; 2; . . . ;T ð3:3:1Þ

Where υit = αi+uit.
Based on the long-term equilibrium relationship of the variables, we first estimate the coef-

ficients of the variables by the ordinary least square method, and then estimate the coefficients

of the variables by the dynamic generalized moment estimation method. In the estimation

of panel data, the sample data uses contains information from three dimensions of cross-sec-

tion, time, and variables. If the model form is set incorrectly, the estimation result will deviate

from the economic reality. Therefore, to avoid model setting bias, we first check which panel

data model form the sample data needs to use. There are three different models of panel

data:<1. Constant coefficient model: yi ¼ aeþ xiβþ ui; i ¼ 1; 2; . . . ;N;<2. Intercept

change model: yi ¼ aieþ xiβþ ui; i ¼ 1; 2; . . . ;N;<3. Varying-coefficient model:

yi ¼ aieþ xiβi þ ui; i ¼ 1; 2; . . . ;N. We used an analysis of covariance test to determine

the correct panel model. The covariance test tests two hypotheses:

H1 : β1 ¼ β2 ¼ � � � ¼ βN ; H2 :
a1 ¼ a2 ¼ � � � ¼ aN

β1 ¼ β2 ¼ � � � ¼ βN

(

. If the hypothesis H2 is accepted, then

we choose the constant coefficient model. If we reject hypothesis H2, we need to further test

hypothesis H1. If hypothesis H1 is accepted, then we choose the variable intercept model. If we

reject the hypothesis H1, we choose the varying-coefficient model. We calculate the sum

squares of residuals for the three different models S1; S2; S3 ðS1 ¼
PN

i¼1
RSSi; S2 ¼Wyy � W 0

xy

W � 1

xx Wxy; S3 ¼ Tyy � T0xyT
� 1

xx Txy, where Wxx;i ¼
PT

t¼1
ðxit � xiÞðxit � xiÞ

0
;Wxy;i ¼

PT
t¼1

ðxit � xiÞ
0
ðyit � yiÞ;Wyy;i ¼

PT
t¼1
ðyit � yiÞ

2
;Wxx ¼

PN
i¼1

Wxx;i;Wxy ¼
PN

i¼1
Wxy;i;Wyy ¼

PN
i¼1

Wyy; Txx ¼
PN

i¼1

PT
t¼1
ðxit � xiÞðxit � xiÞ

0
; Txy ¼

PN
i¼1

PT
t¼1
ðxit � xiÞ

0
ðyit � yiÞ; Tyy ¼

PN
i¼1

PT
t¼1
ðyit � yiÞ

2
; x ¼ 1

NT

PN
i¼1

PT
t¼1

xit; y ¼ 1

NT

PN
i¼1

PT
t¼1

yit). and under hypothesis H2,
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the test statistic F2 is the F distribution of corresponding degrees of freedom, namely:

F2 ¼
ðS3 � S1Þ=½ðN � 1Þðkþ 1Þ�

S1=½NT � Nðkþ 1Þ�
� F ðN � 1Þðkþ 1Þ;NðT � k � 1Þ½ �

If the value of the calculated statistic F2 is not less than the corresponding critical value

under the given confidence, then the hypothesis H2 need to be rejected and the hypothesis H1

needs to continue to be tested. Instead, we choose the constant coefficient model. Under

hypothesis H1, the test statistic F1 is the F distribution of corresponding degrees of freedom,

namely:

F1 ¼
ðS2 � S1Þ=½ðN � 1Þk�
S1=½NT � Nðkþ 1Þ�

� F ðN � 1Þk;NðT � k � 1Þ½ �

If the value of the calculated statistic F1 is not less than the corresponding critical value

under the given confidence, then the hypothesis H1 needs to be rejected and we choose the

varying-coefficient model. Instead, we choose the Intercept change model.

We get 46.3763, 75.9119, and 75.5645 for S1, S2, and S3, respectively. N = 8, k = 4 and

T = 11. Thus, F2 = 0.8632<F[35,48]. Therefore, we choose the constant coefficient model.

In order to eliminate the heteroscedasticity of residuals and sequence autocorrelation,

the cross-section SUR weighted method is used to estimate the parameters in OLS and

TSLS. Cross-section SUR weighting is also used to estimate the covariance of the coeffi-

cients.

4. Empirical analysis and implications

We first state the variables: in dynamic programming (3.1.3), VðSt; �
J
t jyt;ψtÞ, the dependent vari-

able denotes the heath state of citizens. Since it is a latent variable, we choose the Case fatality rate

(CFR) in COVID-19 as the variable to measure VðSt; �Jt jyt;ψtÞ. Case fatality rate is the ratio of the

number of people who die from a disease in a given period to the total number of people diag-

nosed with the disease [33]. The lower the case fatality rate, the less serious the pandemic. Our

independent variable is GOV_R, which represents the growth rate of government response.

According to the report of government response in COVID-19 [25], the larger the government

response, the higher the value. We observe Ct by control variable INF, which represents the infla-

tion rate and indirectly reflects the consumption state of a country. We choose GDP growth rate

(GDP_G) as one of the control variables, which can indirectly reflect the medical environment of

a country and the possible medical expenditure of the government in response to emergency pub-

lic health. In fact, we face the problem of insufficient control variables due to lack of data. Again,

according to the conclusion of the economic model above, our control variables include age, gen-

der, outdoor consumption per month, indoor consumption per month, total number of hospitals

per month, ICU beds per month, average education level of medical staff, and happiness index of

citizens. Therefore, for those variables that lack of data, we can only substitute other variables for

observations. Table 1 shows the variable description.

According to programming (3.1.4) and Eq (3.3.1), we consider the cyclical relationship

between the growth rate of government response and the case fatality rate in the absence of a

vaccine, namely, the volatility and periodicity of pandemic. Thus, we assume

HðEt;Mt; Ft;Gh
t ψ; WÞ is 1

GOV R cosðGOV RÞ;U Gh
t ψt

� �
¼ a1

1

GOV R cosðGOV RÞ þ a2INFþ

PLOS ONE The impact of the government response on pandemic control in the long run

PLOS ONE | https://doi.org/10.1371/journal.pone.0267232 May 4, 2022 8 / 21

https://doi.org/10.1371/journal.pone.0267232


a3GDP G. Therefore, the form of our regression equation is set as follows:

CFR ¼ a2INF þ
PK

k¼1
a1k

1

GOV R
cosðGOV RÞ þ a3GDP Gþ

Pp
h¼1
bhðCON CÞit� h þ uit; i

¼ 1; 2; . . . ;N t ¼ 1; 2; . . . ;T ð4:0:1Þ

Table 2 shows the mean standard deviations of the sample population and each section.

Overall, the average case fatality rate is stable at 3%, up from the previous period. Governments

responded by average growth at 0.6%, showing that the pandemic control around the world

had some success. In terms of individual cross-section, Japan has the lowest average (−0.01)

and China has the lowest standard deviation (0.00) of the case fatality rate, indicating that the

pandemic is effectively controlled (with lower outbreak risk) in China. The highest average

growth rate of case fatality rate is in Canada. Standard deviation in France is the highest, show-

ing that the pandemic is not well controlled in France. From the independent variable

GOV_R, the average growth rate of government response is the lowest in China and Australia,

and both of their standard deviations are small. The lowest standard deviation and mean

denote that the anti-pandemic response of China has entered a convergence state. During

COVID-19, the country with the highest average GDP growth rate was Canada while the high

standard deviation indicates that Canada’s GDP growth was not stable. Average GDP growth

Table 1. Variable description.

Variable Description

CFR COVID-19 case fatality rate

INF Inflation rate

GOV_R Growth rate of government response

GDP_G GDP growth rate

CFR(−1) COVID-19 case fatality rate of lag phase 1

https://doi.org/10.1371/journal.pone.0267232.t001

Table 2. Descriptive statistics of data.

CFR INF GOV_R GDP_G CFR(−1)

All sample countries Mean 0.003 0.077 0.006 0.012 0.002

Std. Dev. 0.018 0.607 0.016 0.078 0.019

China Mean 0.001 -0.190 0.001 0.020 0.003

Std. Dev. 0.004 0.682 0.005 0.048 0.007

United States Mean 0.003 0.060 0.011 -0.044 0.003

Std. Dev. 0.018 0.435 0.023 0.036 0.018

Canada Mean 0.005 0.040 0.008 0.098 0.006

Std. Dev. 0.021 0.462 0.025 0.298 0.021

Australia Mean 0.002 0.350 0.004 -0.034 0.002

Std. Dev. 0.024 1.301 0.012 0.030 0.024

France Mean 0.004 0.050 0.006 -0.090 0.000

Std. Dev. 0.026 0.237 0.013 0.066 0.030

Italy Mean 0.002 -0.020 0.005 -0.098 0.000

Std. Dev. 0.023 0.294 0.012 0.058 0.024

Japan Mean -0.001 -0.070 0.005 -0.057 -0.001

Std. Dev. 0.010 0.164 0.014 0.039 0.010

South Korea Mean 0.004 0.400 0.006 -0.017 0.004

Std. Dev. 0.016 0.435 0.015 0.017 0.016

https://doi.org/10.1371/journal.pone.0267232.t002
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in most countries is negative, which may indirectly indicate the impact of COVID-19 on eco-

nomic growth.

4.1 Panel unit root test

As stated before, in order to make the time series stable, we do the stationarity test for the time

series of various variables. We use four unit root tests: the [26] test, [27] test, [28] test, aug-

mented Dickey–Fuller (ADF) test and Phillips-Perron (PP) test. Table 1 in S1 Appendix pres-

ents the level and first order difference test results of unit roots of each variable under four

different methods. Table 3 shows that all variables are single integer at levels, that is I(0).

4.2 Panel co-integration test

Using the co-integration test method of [29] and [30], we conduct the co-integration test for

the long-term relationship between variables. Kao test results show that the test passed the co-

integration test. Pedroni test results show that half of the statistics pass the co-integration test.

After comprehensive analysis, we believe that there is a long-term equilibrium relationship

between the variables.

4.3 Regression results

Table 4 shows the regression results under four regression methods. Empirically, there is a

two-way causality between the growth rate of government response and the case fatality rate,

that is, an increase (decrease) in the growth rate of government response will lead to a decrease

(increase) in the case fatality rate. Thus, two-way causality creates possible endogenous prob-

lems. To solve the endogenous problem, we used TSLS and a dynamic GMM method to re-

estimate the parameters. The results show that the parameters estimated by TSLS and dynamic

GMM method are basically consistent with the parameters estimated by the OLS method,

which verifies the effectiveness of our parameter estimation.

We choose government budget (GOV_E) and economic support (ECO_S) during COVID-

19 as instrumental variables. The selection of instrumental variables needs to be highly

Table 3. Panel co-integration results.

Pedroni (1999, 2004) residual co-integration test.

within-dimension Statistics P-value

Panel v-Statistic -1.941 0.97

Panel rho-Statistic 2.347 0.99

Panel PP-Statistic -3.672��� 0.00

Panel ADF-Statistic -2.592��� 0.01

between-dimension Statistics P-value

Group rho-Statistic 3.871 1.000

Group PP-Statistic -4.485��� 0.000

Group ADF-Statistic -2.827��� 0.002

Kao (1999) residual cointegration test

Statistics P-value

ADF -9.214��� 0.00

Notes

��� denotes significance level at 1%. The null hypothesis of co-integration is there is no co-integration relationship

among variables; the alternative hypothesis is there is co-integration relationship among variables.

https://doi.org/10.1371/journal.pone.0267232.t003
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correlated with endogenous independent variables and independent of random disturbance.

The main government response is from the government budget. Economic support during the

pandemic is also the most effective way to control the pandemic. Therefore, both government

budget and economic support are intermediate variables, which are highly correlated with

independent variables and independent of the disturbance term.

It is not difficult to find that our independent variable is significant at the 1% and 5% confi-

dence level. Under OLS, TSLS and dynamic GMM methods, D.W.2[1.59,2.31] (In the TSLS,

the initial D.W. is 0.9198, indicating that the model has positive first-order autocorrelation.

Therefore, after we added AR (1), D.W. becomes 1.867, indicating that there is no first-order

sequence autocorrelation in the model) proves there is no first order sequence auto-correla-

tion. The P value of the Hansen J statistic shows that the null hypothesis of [34] test cannot be

rejected. Therefore, the moment condition of over-recognition is valid, that is, the instrumen-

tal variables selected by our model are valid. The first-order statistics of the Arellano-Bond test

for the differential GMM model are significant under the 10% level. The second-order statis-

tics are not significant, which indicates that the model does not have second-order sequence

auto-correlation. It shows that our model has been set up correctly.

The estimation results of the four methods show that the parameters α1, and β are signifi-

cantly positive. The results show that the outbreak of COVID-19 has inertia characteristics.

The case fatality rate of the previous period will significantly affect the case fatality rate of the

current period. It means that if the government had not taken timely measures to control the

COVID-19 outbreak in the previous period, then the government would need to take more

measures for the current period to control COVID-19. There is a cyclical relationship between

the growth rate of government response and the case fatality rate of COVID-19 (see Fig 1).

The CFR fluctuates as the government’s response increases. limðGOV RÞt!0þ ðCFRÞt ¼ 0.

When COVID-19 does not occur at the beginning, the government response is 0, and the case

fatality rate is 0. Looking back, by the time the government paid attention to COVID-19, the

pandemic had already reached a certain acuteness. The government increased the level of

response, and the pandemic began to be effectively controlled. Case fatality rate dropped rap-

idly to the local minimum value. It can be seen that in addition to government response, other

factors will also cause the fluctuation of the Case fatality rate. After reaching the local mini-

mum point, the Case fatality rate rises to the local maximum point again, and then decreases

to the second local minimum point until it converges to near 0. Therefore, the fluctuation

Table 4. Regression results of entire panel.

Methodology and Variables parameters OLS TSLS GMM-Difference GMM-Orthogonal

(1/GOV_R)�cos(GOV_R) α1 0.0792��� (3.92) 0.1203��� (1374.72) 0.0842��� (3.91) 0.1580�� (2.50)

INF α2 -0.0013�� (-2.15) -0.0018��� (-1000.13) -0.0021��� (-4.29) 0.0001 (0.09)

GDP_G α3 -0.0332��� (-6.91) -0.0286��� (951.79) -0.0334��� (-7.72) -0.0415� (-1.74)

CFR(−1) β 0.0344 (0.65) 0.0607��� (116.51) 0.2328��� (25.28) 0.2615��� (5.15)

Adjusted R2 0.453 0.99

D. W. 1.951 1.867

Arellano-Bond Serial Correlation Test AR(1) -1.7010� (0.087)

Arellano-Bond Serial Correlation Test AR(2) -1.4861 (0.137)

J Statistics 2.866 2.614

P value of J Statistics 0.267 0.580 0.624

Notes

���, �� and � denote significance level at 1%, 5% and 10%, respectively.

https://doi.org/10.1371/journal.pone.0267232.t004
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process of the Case fatality rate decreases and finally stabilizes around 0. From the influence of

the growth rate of government response on the case fatality rate, it is not difficult to find that

the growth rate of government response has a cyclical change on the case fatality rate. In

response to the increasing growth rate of the government, the case fatality rate first increases,

and then decreases to the minimum point after reaching the maximum point. After reaching

the minimum point, the case fatality rate goes up again. Finally, there is a cyclical fluctuation

in the rate of case fatality rate, and it will converge to 0. There is a negative correlation between

economic growth rate and inflation rate on case fatality rate.

Our regression results are consistent with those presented by the statistical description. The

government response has been the most effective way of controlling the scale of the COVID-

19 outbreak. China first used strict restrictive policies to control the development of COVID-

19 in China, and finally succeeded in controlling the development of the pandemic [35]. Since

then, China has resumed production and daily activities, and the economy has gradually

begun to recover [36]. This is in line with our suggestion: in the stage of rising pandemic scale,

the government should aim to control the pandemic and improve economic development; in

the declining stage of the pandemic development, the government should take economic

development as the goal and make the government response. Australia is one of the most suc-

cessful countries in controlling COVID-19. The Australian government adopted a rigorous

government response in the early stages of the outbreak and achieved effective results [6]. The

positive impact of an active government response in controlling the development of COVID-

19 is well illustrated by the cases of China and Australia. Strict restrictions are the most impor-

tant part of the government’s response. Strict restrictions, including social distance restric-

tions, mandatory mask wearing, travel bans, etc., are positive government responses.

Fig 1. Relationship between CFR and GOV_R.

https://doi.org/10.1371/journal.pone.0267232.g001
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According to our findings, if the government maintains a positive response, based on the cycli-

cal relationship between the government response and the COVID-19 fatality rate, the govern-

ment will have fewer costs and be able to contain the epidemic for some time. Japan and South

Korea also adopted relatively strict government response policies after COVID-19 occurred

and achieved the expected results [37].

4.4 Discussion and implication

Some actual evidence supports our regression results that the growth rate of the government

response has a cyclical effect on the case fatality rate. The first case of community transmission

in Canada was confirmed on 5 March 2020. The Canadian government immediately declared

a state of emergency [38]. Canadian provinces and territories have, to varying degrees, imple-

mented closures of schools and day care facilities, bans on gatherings, closures of non-essential

businesses and restrictions on access. The Canadian government at that time required all trav-

ellers returning to the country to self-quarantine for 14 days. After that, active cases in Canada

continued to decline until late summer and early winter. In September 2020, cases rebounded

in all Canadian provinces and territories [39]. On 23 September 2020, the Canadian govern-

ment announced that Canada was experiencing a second wave of the epidemic [40]. As cases

have increased, the government has again imposed new restrictions, including lockdowns in

different areas. In December 2020 and January 2021, cases, hospitalizations, and deaths in

Canada spiked around the Christmas and holiday seasons. Therefore, the Canadian govern-

ment imposed strict restrictions (such as lockdowns and curfews) again across the country.

These closures led to a steady decline in active cases [41]. Following the third and fourth wave,

which occurred between March and October 2021, the Canadian local government reinstated

the travel ban. At the time of the fourth wave, it was also referred to as an "unvaccinated pan-

demic" because of Canada’s high vaccination rates. Similarly, Canadian provincial and territo-

rial governments have reimposed restrictions around travel and quarantine.

France has already experienced three waves of the virus. On 12 March 2020, in the first

wave of the outbreak, the French government announced the closure of all schools and uni-

versities, a ban on gatherings of more than 100 people, excluding public transport, and the

closure of all non-essential public places including restaurants, cafes, cinemas and night-

clubs [42]. Since then, the French government gradually lifted the blockade [43]. From

August 2020, the rate of infection increased, with France recording 26,896 new infections

in Europe in a 24-hour period on 10 October 2020. This increase led France to enter a sec-

ond nationwide lockdown on 28 October 2020. The French government announced its

third nationwide lockdown from April 3, 2021. The restrictions included the closure of

non-essential stores, the suspension of schools, a ban on domestic travel and a nationwide

curfew from 7pm to 6am.

Italy experienced the first wave of the epidemic from February 2020. The government sus-

pended all flights and declared a state of emergency. The Italian government closed all non-

core businesses and industries and restricted the movement of citizens [44]. Restrictive mea-

sures had had an initial positive effect [45]. By May 2020, many restrictions were gradually

eased and freedom of movement between Italian regions and other European countries was

restored [46, 47]. In October 2020, As Italy began to experience the impact of the second wave

of the epidemic, the government introduced further actions and restrictions on social life. All

hospital facilities had been upgraded and expanded, with more beds and intensive care units

than in March 2020. Tracking applications, monitoring systems, and prediction systems were

used to understand the progress of the outbreak. The Italian government forced the closure of

gyms, swimming pools, theatres, and cinemas, as well as bars and restaurants by 6pm [48].
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So far, there have been four outbreaks in Japan. The first wave occurred in January 2020,

when COVID-19 was transmitted by a passenger from China [49]. A large cluster of infections

was detected in March. The source of the second wave of transmission was a variant of the

European virus, which Japanese experts believe was transmitted by travelers from Europe

between March 11, 2020, and March 23, 2020. The third wave began in August 2020, when the

number of confirmed cases in Japan reached 230,000 and the death toll surpassed 100,000. The

fourth wave occurred in April 2021, and more than 4,000 new cases were confirmed, leading

the Japanese government to declare a fourth wave.

Former U.S. President Donald Trump adopted a negative prevention and control policy,

which led to the continuous expansion of the COVID-19 in the United States, and seriously

affected production activities and economic development [50]. The United States has experi-

enced at least three waves of the pandemic. The first wave was from March to July. The num-

ber of people diagnosed in the United States reached 50,000 during this period. The second

wave appeared between July and October. The number of people diagnosed in the United

States reached 100,000 during this period. The third wave began in October, with the number

of confirmed cases rising rapidly to more than 200,000.

On November 5th, Britain had to go into a second national lockdown because of a rise in

cases and hospitalizations. After the blockade ended on 2 December, the number of cases

began to rise again, with more than 70,000 deaths from COVID-19 as of 11 December 2020.

On 4 January 2021, British Prime Minister Boris Johnson addressed the nation and announced

the third blockade. Therefore, the UK was put into lockdown, more contagious variant of

COVID-19 spread across the UK, causing a rapid increase in cases and deaths [51]. It is now

reopening and coming out of lockdown.

Fig 2 shows the actual case fatality rate trends for the eight countries. It is not difficult to

find in these eight countries, the CFR has a significant fluctuation. This confirms the validity of

our empirical results. We believe that multiple factors are responsible for the cyclical fluctua-

tion of the pandemic. Firstly, the COVID-19 virus has mutated. The mutation of the virus is

Fig 2. Case fatality real trend from 8 countries.

https://doi.org/10.1371/journal.pone.0267232.g002
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difficult to control. The virus mutates to increase the rate of infection or death. UK COVID-19

virus mutation was first detected in samples collected last month in Kent during the UK

COVID-19 pandemic in October 2020. Since then, its prevalence has doubled every 6.5 days.

It has been associated with a significant increase in COVID-19 infection rates in the UK, partly

due to the N501Y mutation. Some evidence shows that this variant has a 40–80% increased

transmissibility [52]. 501.v2, 20 h / 501.y.V2 (formerly 20C/501Y.V2) and VOC-20Dec-02

(formerly VOC-202012/02) are tracked by the National Health Department in South Africa.

The researchers found that the variant was higher in young people with no underlying health

conditions, and it was more likely to cause serious disease in those cases than other variants

[53]. Therefore, we believe that the effective measure to solve this problem is the acceleration

of vaccine research and development and global sharing.

Secondly, as the case fatality rate reaches the local minimum, the response level of govern-

ments of various countries will also decline. This results in a reduction in social distancing and

an increase in public activities. Maintaining strict restrictions is the key to solving this

problem.

Thirdly, in addition to the government and the virus, some people who do not wear masks

in public places and hold public events in violation of restrictions are also important reasons

for the repeated fluctuations of the pandemic. We believe that the government should

strengthen the publicity and education of health knowledge. Only through the publicity and

education of health knowledge can citizens realize the seriousness of COVID-19 and effectively

restrain their actions. The use of masks and restrictions on social distance are important evi-

dence of the government’s response. Easing restrictions would mean lowering the current level

of epidemic control. First, according to our findings, if the government did not take timely

measures to control the COVID-19 outbreak in the previous period, then the government will

need to take more measures to control the development of COVID-19 in the current period.

Thus, easing restrictions also means the government will have to pay more attention to con-

taining the epidemic in the next period. This provides a powerful incentive for governments to

tighten restrictions. Second, despite the restrictions imposed by the government, there may be

a situation where citizens are unwilling to comply. It causes weak of the policy executive

power. The weak policy executive power will produce the same effect with “doing nothing”

policy, namely, it will also lead the government to pay more in the next period for epidemic

control costs (in another paper, we used evolutionary game theory in detail discusses the pun-

ishment and reward mechanism in the restrictions for citizens and businesses). Therefore, the

government must strengthen health science popularization and perfect the reward and punish-

ment mechanism to make citizens abide by the restriction policy.

Compared with the existing literature, our research results extend the empirical evidence

on the relationship between government response and COVID-19 in the literature. First, one

of our main conclusions is that government response has a dynamic impact on the develop-

ment of COVID-19, namely, the development of COVID-19 is influenced not only by the level

of government response in the current period, but also by the response of the previous period.

Existing literature confirms the positive impact of government response on the current devel-

opment of COVID-19, but there is a lack of research on the dynamic impact. [54] studied how

the response of the Ethiopian government suppressed COVID-19 in 2020. They found that

containment of COVID-19 could be achieved through a combination of three public health

measures: wearing masks, social distancing, and maintaining hygiene. Relaxing any of these

three non-drug interventions could lead to a rebound in the number of new cases, they con-

cluded. This rebound also supports our second main finding that government response and

COVID-19 control show a cyclical relationship. Easing government restrictions could see a

new wave of the epidemic shock. In the Ethiopian context, the most effective public health
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measure would be for urban populations to wear masks and rural populations to maintain

social distance.

The positive role of the government response in suppressing the spread of COVID-19 is

also reflected in the research conclusion of [55]. They examined the impact of major interven-

tions in 11 European countries between the start of the COVID-19 pandemic in February

2020 and the start of the lockdown lifting on 4 May 2020. They used the semi-Mechanistic

joint Bayesian Hierarchical model to show that the government’s lockdown measures had a

huge impact on reducing transmission. They suggest that ongoing interventions should be

considered to control the spread of COVID-19. This also supports our main finding: the cycli-

cality relationship between government response and COVID-19. We also recommend that

sustained interventions are limited in curbing the spread of COVID-19 as the same with the

suggestions given by [55]. [56] compared the time and severity of government response mea-

sures in the United States, Canada, China, Ethiopia, Japan, Kazakhstan, New Zealand, Singa-

pore, South Korea, Vietnam, and Zimbabwe. It was found that in Vietnam, Zimbabwe, New

Zealand, South Korea, Ethiopia, and Kazakhstan, early and strict implementation of a set of

quarantines for infection, school closures, home isolation and restricted social gatherings

reduced both the number of cases and the duration of transmission. In contrast, the United

States has rarely implemented aggressive government responses rigorously or early. Their find-

ings suggest that early implementation, consistent implementation, adequate time, and high

compliance with government response measures are key factors in reducing the spread of

COVID-19. [57] used a Bayesian hierarchical model to estimate the impact of non-pharmaceu-

tical interventions on COVID-19 transmission in 41 countries. Some interventions are more

effective than others, as for example the impact of different government restrictions on curbing

the spread of COVID-19. This conclusion can make up the deficiency of this paper. We

acknowledge that there is no further analysis of specific restrictive policies in this paper. We

only analyzed the impact of government responses on the containment of COVID-19 in gen-

eral. Therefore, the conclusion of [57] ’s study can provide a supplementary explanation for

this paper. These findings suggest that by using effective interventions, some countries can

control outbreaks without implementing stay-at-home orders. Through the interpretation of

the above literature conclusions, our research conclusion added dynamic analysis on their

basis. That is, the impact of government response on COVID-19 is intertemporal. This is an

extension of the empirical evidence in the current literature.

Similarly, some relevant studies also support another conclusion of our research: govern-

ment response and the development of COVID-19 show a cyclical relationship. [58] used Fou-

rier transform to analyze the period and synchronicity of time series of COVID-19 infection

cases and deaths. They found short and long-term changes in the COVID-19 development.

The short period is 7 days. The cyclicality is thought to be caused by community social factors,

joint diagnosis, and report cycle. They suggest optimizing infection control strategies by inte-

grating spatial and temporal distances. [59] used spectral density of time series to assess the

cycle of the number of coronavirus patients diagnosed each day, thus enabling the government

to plan how to allocate resources more effectively. They found that their samples could distin-

guish between two types of cycles. The first type of cyclical fluctuation is 100 to 300 days. The

time of the second type of cyclical fluctuation is about 7 days and the second type of cyclical

fluctuation is related to the weekly cycle of population activities. For different countries, the

stages of the seven-day fluctuation are consistent. Our study is an empirical extension of these

two conclusions. We analyzed the cyclical relationship between government response and the

development of COVID-19 based on the COVID-19 cycle.

This paper only analyzes the lag effect of government response on the development of

COVID-19. [60] analyzed the causes of time lag through its impact on government
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expenditure. They argued that once a government has a clear expectation that restrictions will

have to be implemented (the option of implementing them now is better than the option of

postponing them). Thus, healthcare systems and cost-related variables have a significant

impact on response times. Because expectations did not match reality and the government was

too confident in its ability to fight the outbreak, it did not immediately implement restrictions.

The associated economic costs have raised concerns about high economic costs. Overconfi-

dence and cost concerns have delayed the implementation of restrictions, further increasing

the overall cost of fighting the disease (because of the time lag, medical stress and containment

costs are higher). Therefore, a rational government, once it is certain that they must impose

restrictions, would obviously prefer to anticipate rather than delay.

5. Conclusion

Based on the long-term conditions, we used panel data by the dynamic GMM model to solve

two research questions: 1. Does the government response affect the development of COVID-

19 in the long run? 2. How does the government response affect the development of COVID-

19 in the long run? Firstly, we demonstrate through empirical analysis that the government

response significantly affects the development of the pandemic. We estimate the relevant

parameters through four econometric methods. The results showed that the government

response significantly affected the development of the pandemic.

Secondly, the government response has a cyclical effect on the development of COVID-19.

As the government response increases, the COVID-19 case fatality rate will decrease, first, to a

local minimum point, and will then increase to a local maximum point and finally converge to

near 0. At the beginning, the government did not take corresponding measures (only a small

number of people were infected at the beginning, so the government did not pay correspond-

ing attention), and the COVID-19 case fatality rate was 0. When the number of infections and

deaths increased to a certain level, the government began to realize the seriousness of the pan-

demic and began to respond. Potentially infected people and already infected people were con-

stantly found, so the case fatality rate suddenly jumped from 0 to a local maximum value. With

the continuous increase of government response policies, the case fatality rate decreased,

COVID-19 was controlled to a certain extent, and the first wave of the pandemic ended. The

mutation of the virus, the loosening of response policies and the lack of social distance among

some citizens contributed to the arrival of the second wave. Therefore, the case fatality rate

rose from a local minimum point to a local maximum point. Similarly, the case fatality rate

will be completely controlled eventually after several rounds of government response (con-

verging to near 0) on a global scale.

As we described in the section 4.4, a large number of facts and literature support our results.

Our results are further extended on the basis of existing literature. First, from a dynamic per-

spective, we once again provide new empirical evidence for government responses to curb the

spread of COVID-19. Existing literature provides detailed analysis of how government

responses have influenced the development of COVID-19 (some have carefully analyzed the

impact of specific government restrictive policies on COVID-19). In addition to confirming

the validity of existing literature conclusions, our findings further analyze the intertemporal

effects of government response on COVID-19. This is our biggest contribution.

In view of the above conclusions, we believe that the following policies can be implemented.

Firstly, since the government response significantly affects the development of the pandemic,

the government should improve the response level in the stage of case fatality rate increase.

Secondly, the development of the pandemic tends to fluctuate periodically, and countries

should be prepared to deal with COVID-19 in the long term. Thirdly, in the absence of
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exogenous shocks (vaccines), countries should adhere to strict response policies. Fourthly, in

addition to the government response, increased publicity on the harm of COVID-19 would

strengthen citizens’ capacity for self-restraint. Last but not least, governments should speed up

the development of more effective COVID-19 vaccines and strengthen communication and

cooperation in vaccine research and development. It is the global sharing of the vaccine that

will ultimately allow humans to defeat COVID-19.

We have answered the key question of whether government responses affect the develop-

ment of the pandemic over the long term, but we have not analyzed what causes the periodic

fluctuations of the pandemic. Therefore, future research could be as follows: Firstly, in the

intertemporal dynamics, which specific factors in the government response will affect the

development of the pandemic? How much do these factors contribute to the development of

the pandemic? Secondly, what are the changes after adding the vaccine variable? Vaccine, as a

new variable, will greatly reduce (improve) the convergence time (speed) of case fatality rates.

Therefore, the vaccine will have a significant impact on pandemic control. It will be an inter-

esting research topic to study the mechanism of vaccine action on the development of the pan-

demic. Some scholars have made contributions to these issues [57].

Another key issue is that the citizens do not always follow the government’s restrictions.

Therefore, whether citizens will comply with the government’s restrictions will be a key

research issue. In subsequent studies, we used game theory to analyze under what circum-

stances citizens will comply with government restrictions and how governments should estab-

lish incentives and punishments to ensure compliance. The last important issue is the cost of

government response. Sometimes the reason governments do not take sustained, response

action is because of the high cost of COVID-19 control. How to balance government expendi-

ture and citizen health is a promising research topic [60].
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