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Assessment of monthly economic losses in Wuhan
under the lockdown against COVID-19
Shibing You1✉, Hengli Wang1, Miao Zhang1, Haitao Song 2✉, Xiaoting Xu1 & Yongzeng Lai3✉

With the outbreak of COVID-19 in Wuhan, aggressive countermeasures have been taken,

including the implementation of the unprecedented lockdown of the city, which will neces-

sarily cause huge economic losses for the city of Wuhan. In this paper, we attempt to uncover

the interactions between epidemic prevention and control measures and economic-social

development by estimating the health loss and meso-economic loss from a human-oriented

perspective. We implemented a compartmental model for the transmission dynamics and

health burden assessment to evaluate the health losses, then estimated the direct and

indirect economic losses of industries using the Input-Output model. Based on these esti-

mates, the first monthly health losses and meso-economic losses caused by the lockdown

was assessed. The overall policy effect of the lockdown policy in Wuhan was also investi-

gated. The health loss and meso-economic losses are used to evaluate the health burden and

loss of residents’ mental health, the direct economic loss of several worst-hit industries, and

the indirect economic loss of all industries, respectively. Our findings reveal that the health

burden caused by this pandemic is estimated to be 4.4899 billion yuan (CNY), and the loss

of residents’ mental health is evaluated to be 114.545 billion yuan, the direct economic losses

in transport, logistics, and warehousing, postal service, food, and beverage service industries

reach 21.6094 billion yuan, and the monthly indirect economic losses of all industries are

36.39661994 billion yuan caused by the lockdown. The total monthly economic losses during

the lockdown reach 177.0413 billion yuan. However, the lockdown policy has been considered

to reduce COVID-19 infections by >180 thousand, which saves about 20 thousand lives, as

well as nearly 30 billion yuan on medical costs. Therefore, the lockdown policy in Wuhan has

obvious long-term benefits on the society and the total economic losses will be at a con-

trollable level if effective measures are taken to combat COVID-19.
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Introduction

The COVID-19 occurred in Wuhan, China at the end of
2019 and then it rapidly spread to all provinces in China
and other countries in the world, and now it became a

global pandemic as claimed by WHO. To prevent the spread of
COVID-19, the central government of China and Wuhan laun-
ched an extraordinary national emergency response to lockdown
the megacity. The isolation of the city that ranked the 42nd of the
world, naturally caused a series of chain reactions and an enor-
mous impact on almost all the aspects of the city, a metropolis
with a population of over 10 million and a complete industrial
system (Roosa et al. 2020). The economic impacts and losses
caused by the lockdown must be evaluated scientifically, which is
of unique and referential significance to the prevention and
control of outbreaks of major emerging infectious diseases like
COVID-19.

The current studies of COVID-19 focus on two folds, one is to
understand the transmission mechanisms for prevention and
control, and the other is the assessment of economic losses and
public health burden due to the endemic of COVID-19 (Phillips
2003; Kaufmann et al. 1997; Xu et al. 2020). Based on the study
about the ratio of cost and efficiency for COVID-19, combining
with transmission models (Xu et al. 2020; Tang et al. 2020a; Tang
et al. 2020b), the effectiveness of antiviral drugs is assessed and
the economic losses caused by epidemics are estimated (Schmitt
and Zacchia 2010; Lee et al. 2008). The interview survey was also
carried out to assess the losses of absence from work due to the
epidemic (Chen et al. 2011). Factories and industries, services
departments, schools are also closed during the lockdown of the
city (Lempel et al. 2009; Sadique et al. 2008). As such, CGE
(Computable General Equilibrium) model is used regularly to
assess the economic losses (Mckibbin, 2006; Knobler et al. 2004;
Rose 2009; Giesecke et al. 2012).

The policy to lockdown a megacity for controlling the endemic
of COVID-19 is unprecedented, and the assessment of the eco-
nomic losses is challenging due to the complexity of the problem.
In this paper, we will study the impact of fighting the virus on the
city during the first month of the lockdown from January 23 to
February 23, 2020, to evaluate the economic losses from the
health and the meso-economic perspectives (Agüero and Beleche
2017). The health losses are estimated using the physical and
mental health losses from the infection of the COVID-19, and the
meso-economic losses emphasize on the direct and indirect
economic losses of industries because of the lockdown (Keogh-
Brown and Smith 2008).

Methods
Data and materials. This is a data-driven modeling study. We use
three types of data: the first is the reported cases of different health
endpoints to assess the health burden, the second is related to
business data of transport, logistics and warehousing, postal service,
accommodation, food, and beverage service industries to assess the
meso-economic losses of industries, and the last is the supporting
data to evaluate the health losses and the meso-economic losses. This
research was solely based on the analysis of anonymized data, after
taking several precautions to ensure appropriate protection of users’
privacy and address any associated risks.

The health burden assessment is used to evaluate the economic
losses in a month of different health endpoints under the lockdown
against COVID-19 in Wuhan. The supporting data include a
cumulative number of mild cases, severe cases, and deaths.

The data are from the web sites of the Chinese Center for
Disease Control and Prevention (2020), reported cases of
COVID-19 are from the World Health Organization (WHO)
(2020a). COVID-19 Situation Report and reported cases of Hubei

Province from the Health Commission of the People’s Republic of
China and Hubei Province (2020b). Also, values of parameters of
the transmission dynamical model are chosen from available
published papers (Xu et al. 2020; Tang et al. 2020a; Tang et al.
2020b; Zhou et al. 2020; Guan et al. 2020; Lu et al. 2020; Newall
et al. 2010) and the Handbook of Prevention and Treatment of
the Pneumonia Caused by the Novel Coronavirus from Health
Commission of China (2020a).

The data used for assessment of economic losses in a month of
meso-economic industries under the lockdown against COVID-
19 in Wuhan include the monthly business data of airline,
railway, expressway, public transportation, logistics and ware-
housing, postal services, accommodation, food, and beverage
services. The key indicators include the number of flight
cancellations, the number of seats per departure, the average
flight load, the fixed cost of an aircraft and regular annual or
monthly business income of railway, highway, metro, taxi and
buses system of the city, logistics and warehousing, postal
services, accommodation, food, and beverage services.

The data on meso-economic loss are collected from the
following sources: website of Variflight (2020), the standards of
International Civil Aviation Organization (ICAO) (2020), the
annual revenue of Wuhan railway transportation (Shanghai
Clearing House 2018b), Wuhan Expressway Toll Station’s daily
revenue (East Money database 2019), the annual revenue of
Wuhan Metro Group (2019), annual report of Wuhan Bus Group
(2018), annual report of Hubei Traffic Investment Group (2019),
the website of Ministry of Transport of the People’s Republic of
China (2018), annual report of logistics and warehousing revenue
in Wuhan (Wuhan Bureau of transportation 2018) and Wuhan
statistical yearbook of 2018 (2018).

The health loss consists of the economic loss of patients’ health
and residents’ mental health. The economic loss of patients’
health is evaluated from treatment cost, recovery time, cost of lost
time of different health endpoints for three categories of patients.
The proxy variables of the economic loss of residents’ mental
health include monthly revenue of cultural entertainment services
and state compensation standard for violating personal freedom.
The industry linkage (calculated by the Input-Output table) is
used to evaluate the meso-economic losses.

For the treatment cost of different health endpoints of infected
individuals, we obtain the treatment cost value from China Public
Health Statistical Yearbook. We also designed and carried out
interview surveys of healthcare personnel associated with combating
COVID-19. The treatment time and the average age of deaths due to
infection are from the literature (Huang et al. 2020) and Handbook
of Prevention and Treatment of the Pneumonia Caused by the
Novel Coronavirus from the Health Commission of China (2020a).
The time cost in hospital is computed by the daily average GDP per
capita of Wuhan in 2018 from the Hubei Statistical Yearbook on
Hubei Provincial Bureau of Statistics (2018). The monthly revenue
of cultural entertainment services is computed by the annual revenue
of this industry from the Wuhan Statistical Yearbook of 2018 (2018).
The new state compensation standard for violating personal freedom
was unveiled by China’s Supreme People’s Court and Supreme
People’s Procuratorate from its website (2020) and Wuhan’s
permanent and floating population at the end of the year is also
got from Wuhan Statistical Yearbook of 2018 (2018). The industry
linkage is calculated by the 149 sectors in the Input and Output table
of nationwide in 2017 from the National Bureau of Statistics (2020).

Model
Constructing an evaluation system of monthly economic losses
for the city. We base on our analysis of the concept of people-
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oriented to find the balance between epidemic prevention and
economic-social development. This paper constructs a com-
parative evaluation system of monthly economic loss of “Wuhan
Lockdown” Policy from both health loss and industrial
economic loss.

Monthly health loss evaluation: SIR model and health burden
assessment. As an emerging and highly infectious disease (Xu
et al. 2020), COVID-19 is causing losses in both the physical and
mental health of the public at large (Huang et al., 2020). Although
this study addresses only the 1-month residents’ health losses,
including physical health losses (health burden), and the mental
health losses during the lockdown (Tang et al. 2020a), the
approach can be applied to other situations with a longer period.

According to the Handbook, the diagnosed people are divided
into three categories: mild, severe, and death (2020). There is a
significant difference between direct and indirect economic losses,
including time loss and the treatment of the three types of
patients. However, there is no accurate official data on these three
categories yet. To obtain the cumulative number of confirmed
cases and the number of the three categories of confirmed cases,
we established a SIR (Susceptible-Infected-Recovered) model and
simulated the transmission of COVID-19 in the city (Harko et al.
2014; Hu et al. 2012; Liu et al. 2016).

Due to the lack of medical resources and sufficient beds in
hospitals, designated hospitals only received severe patients. To
relieve the massive shortage of doctors and medical resources,
Huoshenshan Hospital and Leishenshan Hospital was built and
observation wards were put into service on February 5. After that,
mild patients were received into observation wards. Therefore, we
consider the designated s and observation wards bed ratio over
two different stages of the epidemic. The first stage is from the
date when the lockdown started on January 23 to the date when
the first bed in observation wards opened to quarantine
individuals on February 5, and the second stage is from February
5 to February 23. Also, we considered the effect of designated
hospitals and mobile cabin hospital beds capacity on the
transmission rate, the transfer rate from mild to severe patients,
and death rate. Then the general population is divided into
susceptible people (S), mild patients (I), severe patients (I1), mild
patients in mobile cabin hospitals (F), severe patients in
designated hospitals (H), Dead patients (D), and recovered
patients (R) (Xu et al. 2020; Huang et al. 2020). Here, we assume
that only mild patients can infect healthy people, while severe
patients, who are quarantined, cannot infect susceptible people.
The flow diagram is shown in Fig. 1.

Then the transmission dynamics of COVID-19 is determined
by the following equations:

dSðtÞ
dt

¼ �βðb1; IÞS tð ÞI tð Þ
S tð Þ þ I tð Þ þ R tð Þ ;

dI tð Þ
dt

¼ βðb1; IÞS tð ÞI tð Þ
S tð Þ þ I tð Þ þ R tð Þ � α11ðb1; I tð ÞÞI tð Þ

�α12ðb1; I tð ÞÞI tð Þ � γI tð Þ;
dF tð Þ
dt

¼ α11 b1; I tð Þð ÞI tð Þ � α21 b2; FðtÞð ÞF tð Þ � γf F tð Þ;

dI1ðtÞ
dt

¼ α12 b1; I tð Þð ÞI tð Þ � α31 b2; I1 tð Þð ÞI1 tð Þ
�d1 b2; I1 tð Þð ÞI1 tð Þ;

dHðtÞ
dt

¼ α21 b2; FðtÞð ÞFðtÞ þ α31 b2; I1 tð Þð ÞI1 tð Þ
�dh b2;H tð Þð ÞH tð Þ � γhH tð Þ;

dR tð Þ
dt

¼ γI tð Þ þ γf F tð Þ þ γhH tð Þ;

dD tð Þ
dt

¼ d1 b2; I1 tð Þð ÞI1 tð Þ þ dh b2;H tð Þð ÞH tð Þ;

where b1 ¼ 0; t < 14
b10; t ≥ 14

�
,b2 ¼ b21; t < 14

b22; t ≥ 14

�
, γf ¼

0; t < 14
γf 0; t ≥ 14

�

β b1; I tð Þð Þ ¼ β0I tð Þ
b1 þ I tð Þ ; α11 b1; I tð Þð Þ ¼ α110I tð Þ

b1 þ I tð Þ ;

α12 b1; I tð Þð Þ ¼ α120I tð Þ
b1 þ I tð Þ ; α21 b2; FðtÞð Þ ¼ α210FðtÞ

b2 þ FðtÞ ;

α31 b2; I1 tð Þð Þ ¼ α110I1 tð Þ
b2 þ I1 tð Þ ; d1 b2; I1 tð Þð Þ ¼ d10I1 tð Þ

b2 þ I1 tð Þ ;

dh b2;HðtÞð Þ ¼ dh0H tð Þ
b2 þ H tð Þ ;

α110 ¼
0; t < 14

α110; t ≥ 14

�
; α210 ¼

0; t < 14

α210; t ≥ 14

�

S I

R

F H

D

Fig. 1 The flow diagram of COVID-19 for our SIR model. Modified the original SIR-equation to account for a Susceptible (S) population state by
introducing the mobile cabin hospitals (F) and designated hospitals (H) parameters.
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The effects of designated hospitals and mobile cabin hospital
beds capacity on the transmission rate, the transfer rate from mild
to severe patients, and death rate were considered as the
parameters. The effect of mobile cabin hospitals beds capacity
on the transmission rate, transfer rate from mild to severe
patients and occupancy rate of mild patients in mobile cabin
hospitals was denoted by the mobile cabin hospitals beds ratio b1
corresponding to the mild patients. The effect of designated
hospitals beds capacity on the hospitalization rate and death rate
of severe patients were denoted by the mobile cabin hospitals
ratio b2 corresponding to severe patients (Shan and Zhu 2014;
WHO 2020b).

Where β is the contact transmission rate, α11 is the occupancy
rate of mild patients in mobile cabin hospitals, α12 is the transfer
probability from mild to severe.α21 is the transfer probability from
mild to severe in mobile cabin hospitals, α31 is the hospitalization
rate of severe patients.And γ is the recovery rate of mild patients,γ1
is the recovery rate of severe patients, γh is the recovery rate of
severe patients in the hospital, d1 is the mortality rate of severe
patients, and dh is the mortality rate of severe patients in the
hospital. Here, the time unit t in the equation is defined as “day” of
the event. Based on relevant epidemic data in Wuhan (2020), and
the initial values on January 23, 2020 are chosen as follows: S
(0)= 55439, I(0)= 269, F(0)= 1000, I1(0)= 129, H(0)= 494, D
(0)= 23, and R(0)= 31. From the available literature on COVID-
19 (Tang et al. 2020b; Zhou et al. 2020; Guan et al. 2020) we assume
that β= 0.813, b21 ¼ 800; b10 ¼ 1500; b22 ¼ 1000; α110 = 0.7,
α210= 0.01, α120= 0.04, α310= 0.6. Since the average incubation
period is 7 days and the treatment time for mild patients is 10 days,
so γ= 1/17 and γf0= 1/17. The average treatment time for severe
patients is 20 days, hence γh= 1/20 (Lu et al. 2020). The mortality
rates of severe patients are d10= 0.016 and dh0= 0.016, respectively
(Newall et al. 2010).

We then estimate the health burden attributable to patients’
infection with the virus. The precondition of health burden
assessment determines suitable health endpoints and gaining the
number of infections in different health endpoints. The health
endpoint is the final level of health risk caused by hazardous
substances, and the final level can be classified based on the severity
of diseases (Yao et al. 2020). A large number of domestic and
foreign literature applied the health burden assessment to estimate
the economic loss of health attributable to exposure to multiple air
pollutants where the health endpoints were defined by the
exposure-response function (Yao et al. 2020; Zhang et al. 2017;
Maji et al. 2018). This method is used to estimate the economic v44
vloss of health due to this pandemic. Since the pathogenic
mechanism of this pandemic is different from that of exposure to
pollution and the SIR model built above would simulate to give the
estimation of the numbers of the three categories of confirmed
cases, the health endpoints in this paper are defined as the different
levels of pulmonary infection caused by the COVID-19 and are
divided into mild, severe, and death based on the computational
results from the SIR model simulation. Thus,

Lpi ¼ Cpi
þ GDPP ´TLi

;

Li ¼ Pi ´ Lpi ;

L ¼
Xn
i¼1

Li;

where i is the health endpoints, Li is the total cost of COVID-19 at
health endpoint i, Cpi

is the unit cost of treatment cost at health
endpoint i, GDPP is the daily average GDP per capita in Wuhan
Unit: Yuan/(person*d), TLi

is the cost of lost time due to disease at
health endpoint i, Pi is the number of people diagnosed at health

endpoint i, and the sum of the economic losses at each health
endpoint (Li) is the total attributable economic losses of the
population (L) under the outbreak (Lu et al. 2016). Then, we
calculate the total economic loss of health (L), which is the health
burden in a month of lockdown against COVID-19 in Wuhan.

To match the data of different health endpoints of COVID-19
with the data during the lockdown, we computed the cumulative
cases using the SIR model, which would give the numbers of
cumulative cases. Then, the monthly health burden can be
estimated using the average treatment cost and the cost of lost
time of different health endpoints.

Apart from physical health loss, the loss caused and associated
with mental health due to that strict social distancing and home
quarantine policy for combating COVID-19 prevented their
public entertainment and cultural activities. Since the utility of
consumption is hard to quantify, the revenues of cultural services
were used to approximate and to evaluate the loss of mental
health. Furthermore, the strict social distancing policy objectively
restricted the personal freedom, mental loss caused by lockdown
was evaluated based on the new state compensation standard for
violating personal freedom unveiled by the Supreme People’s
Procuratorate of the People’s Republic of China. Meanwhile,
patients with acute or severe chronic diseases are unable to
receive timely treatment, which leads to health loss by clinical
exacerbation and increased mortality due to the lockdown policy.
The lockdown also brought restrictions to transportation, social
activities, and various constructions and could reduce mortality
caused by traffic accidents, excessive drinking, cardiovascular
diseases, industrial injury, etc. As these two aspects show opposite
effects on the health of people and data availability limitation,
these two indirect effects were ignored in our current studies.

Meso-economic loss evaluation: constructing the Input-Output
(IO) model. Owing to the rapid spread of COVID-19, Wuhan
city has been put under lockdown since January 23, 2020, and
public transportation has been closed. The transportation
industry is closely related to various industries, such as ware-
housing and retail, vacation tourism, accommodation and cater-
ing, cultural and entertainment industries, etc. Non-related
upstream and downstream industries, such as the real estate
industry, the financial industry, the construction industry, and
other industries, seemed to be spared from COVID-19, but these
industries also suffered direct or indirect losses. The effect of the
lockdown in Wuhan on meso-economic industries is not limited
to one industry. Therefore, we estimated the losses of directly
affected industries, and then evaluated the indirect losses of other
industries using the IO model (Li et al. 2018).

Based on the IO table, we established the IO model
incorporating the linkage of production and consumption to
assess the economy of Wuhan. Since the 1970s, the IO model has
been used to assess the effect of disasters, such as earthquakes and
hurricanes on the economy. The results show that the IO model
effectively solves the impact of a disaster on certain departments
of the economic system and the assessment of related losses
(Crowther et al. 2007; Tan et al. 2019). In this paper, the static IO
model is used to evaluate the indirect economic losses among the
industries (Crowther et al. 2007; Tan et al. 2019).

The correlations among the industries in the IO table can be
expressed as:

AX þ Y ¼ X:

That is,
Pn

j¼1aijXj þ Yi ¼ Xi (i, j= 1, 2, …, n), where aij is the
direct consumption coefficient, Xi is the total output of sector i,
and Yi is the final demand for sector i. Then the above formula
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can be transformed as:

X ¼ I � Að Þ�1Y

where I is the identity matrix and I � Að Þ�1 is the inverse matrix
of Leontief.

Taking the sectional direct economic losses as losses in final
products, ΔY ¼ ΔY1;ΔY2; :::;ΔYnð ÞT. Then the total product loss
is:

ΔX ¼ I � Að Þ�1ΔY:

The loss of indirect input is expressed by the reduction of
intermediate input as ΔX � ΔY .

To improve the accuracy of the indirect loss assessment of
various departments, this paper uses the complete consumption
coefficient for analysis. Let B be a complete consumption
coefficient matrix obtained by transforming the direct consump-
tion coefficient matrix A, then B= (I− A)−1− I. Therefore, the
total loss of the product can be further expressed as:

ΔX ¼ Bþ Ið ÞΔY :
Assume that ΔYi is the economic loss in the sector I caused by

COVID-19 and the final use of other sectors has no change. Then
the total output of the entire economic system becomes

ΔX1

ΔX2

:

:

:

Δ _Xn

0
BBBBBBBB@

1
CCCCCCCCA

¼

b1iΔYi

b2iΔYi

:

:

:

bniΔYi

0
BBBBBBBB@

1
CCCCCCCCA

þ

0

0

:

ΔYi

:

0

0
BBBBBBBB@

1
CCCCCCCCA

where bij i; j ¼ 1; 2; ¼ ; nð Þ are the complete consumption
coefficients. Then the total output loss of sector i is:

ΔXi ¼ biiΔYi þ ΔYi;

where ΔYi is the direct economic loss of sector i and biiΔYi is the
indirect economic loss of sector i. The total product losses of

other sectors are:

ΔXn ¼ bniΔYi; n≠ i:

Results
Empirical analysis of economic losses
The empirical analysis of health burden assessment and loss of
residents’ mental health evaluation in Wuhan on the lockdown
against COVID-19. The SIR model was constructed to simulate
the transmission of COVID-19 in Wuhan. The prediction results
are shown in Fig. 2, where Cum I is the number of cumulative
mild patients, Cum I1 is the number of cumulative severe patients
and Cum D is the counts of cumulative dead patients.

The simulation results show that the cumulative number of
confirmed patients is 55,616 after the lockdown in Wuhan,
among which the cumulative number of mild patients is 41,430,
the cumulative number of severe patients is 12,100 and the
cumulative number of deaths is 2086 in the first month since
January 23 to February 23, 2020.

Then health burden assessment was constructed to estimate the
health losses of confirmed patients combining with the results
from the SIR model. The cost of treatment in health burden
assessment includes direct and indirect costs related to the patient
during hospitalization, including the cost of diagnosis and
treatment, medical costs, bed charges, nursing costs, time costs
for suspension of work, transportation costs, accompanying costs,
and so on. Due to the availability of data, we calculated the direct
and indirect costs, including the cost of diagnosis and treatment
during hospitalization, examination costs, bed charges, treatment
costs, medical costs, and opportunity costs during hospitalization.
Some hospitals survey the cost of treatment to obtain a reference
average treatment cost for different symptoms of this new
coronavirus infection. According to the China Health Statistics
Yearbook in the past years and surveys on the treatment cost of
some hospitals, we obtained the reference average treatment cost
of different symptoms of COVID-19 (Sander et al. 2009; Barber
et al. 2010; Christina et al. 2017; Hu and Chen 2019). According
to the “Handbook of Prevention and Treatment of the
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Fig. 2 Simulation results for the epidemics of COVID-19 in Wuhan in the first month after the lockdown of the city. The predicted results of estimated
cumulative number of mild patients, severe patients and deaths are shown using the SIR model.
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Pneumonia Caused by the Novel Coronavirus” issued jointly by
the General Office of the National Health Commission of China
and the Office of the State Administration of Traditional Chinese
Medicine, we obtained the incubation period of the virus, the
average treatment time and the average time cost for different
health endpoints using the average age of death (Sadique et al.
2008). In reality, discharged patients would then be under
quarantine at the expense of the government for 14 days before
considered “fully recovered”. Therefore, the time cost of 14 days’
quarantine for patients should be counted. Where the value of
time cost was measured by the average per capita GDP of Wuhan
in 2018, which was 135,136 yuan and it grows at an annual rate of
7% (2018). The average medical cost of different health endpoints
was estimated using the disease cost method (Table 2). The above
data is compiled and presented in Table 1.

Using the above data to calculate the health burden of
confirmed patients’ health in Wuhan, we obtain the results as
shown in Table 2 and Fig. 3.

Table 2 and Fig. 3 shows that under the lockdown in Wuhan,
the health burden is about 4.49 billion yuan in a month, where
the economic loss caused by death is the largest part and it
accounts for >1/2 of the total losses, which is consistent with the
actual conditions. Although the relatively low cost of treatment
occurs, the total cost of patients with mild pneumonia exceeds
989 million yuan due to the large scale of confirmed cases. The
total costs of treatment for severe patients are about 1.253 billion
yuan. Although the cumulative quantity of severe patients is
much smaller than that of mild patients, the total amount of
severe patients is higher because of its higher costs per patient.

According to the Statistical Yearbook of Hubei in 2019, the
revenues of cultural services in Wuhan in 2018 reached 126.24497
billion yuan, equivalent to a monthly revenue of 10.5204142
billion yuan. We use this data as the proxy of mental distress loss
caused by limiting culture and entertainment activities from
January 23 to February 23, 2020.

According to China’s State Compensation Law, Supreme
People’s Court (SPC) and Supreme People’s Procuratorate set a
new state compensation standard for violating personal freedom
to be 346.75 yuan (about 49 U.S. dollars) per day (2020). The
permanent residential population of Wuhan in 2019 was 11.212
million and the floating population was about 4 million. With 5
million people left Wuhan before the lockdown, about 10 million

people were quarantined during the lockdown and the monthly
mental loss of violating personal freedom was about 104.025
billion yuan. Therefore, the residents’ health burden reached
4.4899 billion yuan and the economic loss of residents’ mental
health was about 114.5454142 billion yuan.

The empirical analysis of meso-economic loss assessment in
Wuhan on lockdown against COVID-19. The IO model was used
to estimate the direct and indirect economic losses in the trans-
port, logistics and warehousing, postal service, accommodation,
food, and beverage service industries and all industries in a
month in Wuhan on lockdown.

The economic loss data of sectors affected directly is the
precondition applied in the input-output model. In this paper, we
took the transport, logistics and warehousing, postal services,
accommodation, food and beverage services industries as the
directly affected sectors in Wuhan under the lockdown, calculated
the losses of the directly affected sectors, and estimated the
indirect losses of all industries using the industry linkage
calculated through the IO table (Wang et al., 2016).

Evaluation of direct economic losses in the transport, logistics and
warehousing, postal service, accommodation, food, and beverage
service industries. The economic losses in the transport, logistics
and warehousing, postal service, accommodation, food, and
beverage service industries, including economic losses caused by
the suspension of flight, highway, public transportation, logistics
and warehousing, postal service and all business in Wuhan were
taken as the direct economic losses in the industries.

(1) Economic losses caused by flight cancellation:
In 2017, there were 99,300 departures, with a capacity of
17,773,200 seats in Wuhan Tianhe Airport, which means
179 seats per departure. With an average flight load of 81%,
the actual capacity is 145 seats per shift (2019).
According to the standards of the International Civil
Aviation Organization (ICAO), we took the medium-sized
aircraft Boeing 737-300 as an example and calculated the
annual fixed cost of an aircraft, including leasing fees, taxes,
parking fees, aircraft maintenance costs, and corresponding
aviation materials costs. The cost was 25 million yuan or
about 70 thousand yuan per day. The economic loss of each
flight cancellation is estimated to be 70+ 0.05 * 145= 77.25
thousand yuan in terms of 50 yuan/(person*flight) of
economic loss of passengers due to flight cancellation.
Throughout the Spring Festival season between January 23
to February 22, 2020, the Spring Festival Travel Rush takes
up about half the time, which is 15 days. There are 600
flights per day during the rush period and 340 flights
per day at other times during the season. With the lockdown
of Wuhan, the economic loss of all flight cancellations is
(340 * 15+ 600 * 15) *; 77.25= 1.089225 billion yuan.

(2) Economic losses caused by the shutdown of railways,
expressways and public transportation like subways,
taxis, buses:

Table 1 Number of confirmed cases and cost unit loss parameters at each health endpoint.

Health
endpoints

Cumulative
quantity Pi

The average cost of treatment
Cpi

(thousand yuan/per

person)

Average time spent
TLi

(day/per

person)

Quarantine time spent
Tq (day/per person)

The average value of the
time (yuan/per
person*day)

Mild 41,430 15 10 14 370.236
Severe 12,100 91 20
Death 2086 300 1825 \

Table 2 Economic loss in health of Wuhan against COVID-19
in a month.

Health endpoints Costs per patient Lpi (yuan) Total loss Li (yuan)

Mild 23,885.664 989,583,059.5
Severe 103,588.024 1,253,415,090
Death 1,077,131.87 2,246,897,081
The total loss L(yuan) 4,489,895,231
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According to the annual revenue of 12.05679 billion yuan
for Wuhan Metro Group in 2017, the estimated economic
loss in Wuhan under the lockdown is 1.00473 billion yuan
in 1 month.
By the 12.81 million yuan of average daily revenue of
Wuhan railway transportation, 61.89 million yuan of
Wuhan Expressway Toll Station’s daily revenue, 9.3 million
yuan of daily economic loss of taxi and to the statistics of
Wuhan Public Group in 2018, we found that the estimated
economic losses from railway transportation, expressway,
public transportation like taxis and buses are 384.3 million
yuan, 1.8567 billion yuan, 279 million yuan, and 811 million
yuan, respectively. Therefore, the economic losses caused by
the shutdown of railways, expressways, and public trans-
portation are 384.3 million yuan and 3.95143 billion yuan,
respectively.

(3) Economic losses of logistics and warehousing and postal
service industries.
Since the annual revenues of logistics and storage were
153.209 billion yuan in 2018 in Wuhan and accounting for
the 2-week closure of logistics during Spring Festival, the
estimated economic loss in logistics and warehousing
industry in Wuhan under the lockdown was about
6.56610 billion yuan in 1 month. According to the annual
revenues of postal services in 2017 in Wuhan of 15.028
billion yuan, we estimated that the monthly economic loss
of the postal services industry was about 1.25233 billion
yuan. Therefore, the total economic losses in the two
industries in Wuhan under the lockdown was about
7.818433 billion yuan in 1 month.

(4) Economic losses of accommodation, food and beverage
service industries.

According to the revenues of accommodation, food, and
beverage services industries in 2018 in Wuhan of 12.771 and
87.625 billion yuan, then the estimated economic loss in
accommodation, food, and beverage services industries in Wuhan
under the lockdown were 1.064 and 7.302 billion yuan in
1 month, respectively.

Based on the above evaluation of loss, the economic losses of
the transport, logistics and warehousing, postal service, accom-
modation, food, and beverage service industries were about
21.60939 billion yuan during the 1-month Wuhan lockdown.

Evaluation of indirect economic losses in all industries due to
economic losses in the transport, logistics and warehousing, postal
service, accommodation, food, and beverage service industries.
Based on the monthly economic loss of directly affected sectors in
Wuhan under the lockdown and the 149 sectors in the IO table of
nationwide in 2017, we assumed that the input-output relation-
ships among various sectors of the national economy are stable
and there is no significant difference between Wuhan and
nationwide. Using the IO model, we estimated the monthly
indirect economic losses of other industries caused by the
monthly economic losses of transport, logistics and warehousing,
postal service, accommodation, food, and beverage service
industries during the lockdown in Wuhan. Considering the
analysis method of the input-output relationship from direct and
indirect economic losses, we chose the direct economic loss of the
directly affected sectors as the final product loss, where ΔY and
ΔX � ΔY are defined the same as above. The complete con-
sumption coefficient is introduced to obtain an accurate assess-
ment of the indirect input loss of various sectors. The complete
consumption coefficient is the quantity of the products in sector i
that needs to be consumed directly and indirectly for the pro-
duction of final products per unit of sector j. As defined above, B
was used to represent the complete consumption coefficient
matrix. Then B= (I−A)−1− I is the relationship between the
complete consumption coefficient and the direct consumption
coefficient. Thus, B is obtained by the direct consumption coef-
ficient matrix of each department given by the 149 sectors in the
IO table of nationwide in 2017.

In this paper, we investigated the above hardest-hit industries,
which have an indirect effect on all industries. Here, we only
provided the complete-consuming coefficient of hardest-hit
logistics and warehousing on all industries since that the
complete-consuming coefficient of transport, postal service,
accommodation, food, and beverage services industries on all
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Fig. 3 Health burden of Wuhan against COVID-19 in a month. Health burden of different health endpoints (including mild, severe, and dead patients) are
shown in the figure.
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industries could be obtained similarly. We only demonstrated the
top 52 most affected industries’ complete consumption coeffi-
cients out of 149 industries as shown in Fig. 4.

Figure 4 shows that the most affected industry by the logistics
and warehousing sector is the heavy chemical industry (in the
secondary industry), followed by finance, business service, real
estate, retail trade, and some service industries (tertiary
industry).

On one hand, the total economic output value of Wuhan is still
mainly derived from the secondary industry. On the other hand,
tertiary industries should flourish during the Spring Festival, but
the lockdown in Wuhan blocked all circulation. Based on the
complete-consuming coefficient of logistics and warehousing on
all industries, we obtained the indirect economic loss of this
industry in 149 industries using the direct economic loss of this
industry. Similarly, the indirect economic loss of transport, postal
service, accommodation, food, and beverage service industries in
149 industries were evaluated using the same method. Taking the
computation of indirect economic loss of logistics and ware-
housing industry on the manufacture of refined petroleum
products and processing of nuclear fuel as an example, we
obtained the indirect economic loss of 1.091486843 billion yuan
of manufacture of refined petroleum products and processing of
nuclear fuel caused by the economic loss of logistics and
warehousing by the product of the direct economic loss and
complete-consuming coefficient. Similarly, the indirect economic
loss caused by transport via railway, public transport, air
transport, postal, accommodation, food and beverage services
on this industry were in turn 9.420318683 million yuan,
246.4772665 million yuan, 226.0048913 million yuan,
63.80720719 million yuan, 27.8101924 million yuan,
147.5145717 million yuan, respectively. Then the total indirect
economic loss of manufacture of refined petroleum products and
processing of nuclear fuel caused by the economic losses of the
directly affected sectors was 1812.52129 million yuan (Table 3).

The total indirect economic loss of 149 sectors was calculated as
shown in Table 3.

It follows from the above-estimated loss that the monthly
indirect economic loss of 149 sectors caused by directly affected
industries during the lockdown against COVID-19 in Wuhan was
36.39661994 billion yuan. The top ten of the most affected
industries by transportation, logistics, and storage, post, accom-
modation, food, and beverage services were the manufacture of
refined petroleum products and processing of nuclear fuel,
monetary intermediation and other financial service industries,
farming, business services, transport via road, extraction of crude
petroleum and natural gas, production and supply of electricity
and steam, manufacture of parts and accessories for motor
vehicles, retail trade, and real estate. The indirect economic loss of
each of these industries caused by lockdown exceeded 1 billion
yuan. The economic loss of the secondary industry affected by the
epidemic is relatively greater than that of the tertiary industry,
possibly because the secondary industry still plays a main role in
the economic system. In general, the economic loss of all sectors in
the economic system is enormous during the lockdown in Wuhan.

Total economic losses calculation. The estimations reveal that the
assessment of health burden is 4.4899 billion yuan, the loss of
residents’ mental health is estimated to be approximately 114.545
billion yuan, and the monthly direct economic losses of transport,
logistics, and warehousing, postal service, accommodation, food,
and beverage service industries are about 21.60939 billion yuan,
and the monthly indirect economic losses of all industries are
36.39661994 billion yuan caused by the lockdown. To sum up, the
total monthly economic losses reached 177.0413174 billion yuan
under the lockdown due to COVID-19 in Wuhan.

Potential benefits of the lockdown policy in Wuhan against
COVID-19. To better reflect the effectiveness of the policy, three
periods were classified by major policy implementation dates that

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
Manufacture of Refined Petroleum Products, Processing of Nuclear Fuel

Transport Via Road

Business Service

Production and Supply of Electricity and Steam

Manufacture of Electronic Components and Parts

Manufacture of Fabricated Metal Products, Except Machinery and Equipment

Water Transport

Wholesale

Logistics and Warehousing

Manufacture of Other Electronic Equipment

Processing of Steel Rolling Products

Telecommunication

Processing of Non-Ferrous Metals Rolling

Mining and Washing of Coal

Cargo Handling, Transport Agency

Farming

Manufacture of Rubber Products

Internet and Related Services

Manufacture of Equipments for Power Transmission and Distribution and Control

Renting and Leasing

Mining of Non-Ferrous Metal Ores

Accommodation

Spining, Weaving and Finishing of Cotton and Chemical Fibers

Insurance

Printing and Reproduction of Recording Media

Manufacture of Computer

Fig. 4 Proportion coefficients of various industries affected by logistics and warehousing industry. Ranked by level of impact, top 52 most affected
industries’ complete consumption coefficients out of 149 industries are shown in the figure.
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could affect the virus transmission in Wuhan. The first period is
from January 23 to February 4, when the local government
blocked all outbound transportation from Wuhan and stopped
public transportation and prohibited all vehicular traffic within
the city. Additional social isolation and home isolation measures
were also implemented. During the second period, between
February 5 and February 13, the government implemented a
policy of centralized quarantine and treatment of all confirmed
and suspected cases in mobile cabin hospitals and 35 designated
hospitals. The third period is between February 14 and February
23, when the government conducted door-to-door and
individual-to-individual screening for all residents in Wuhan. The
proportion of intensive, critical, and death cases decreased gra-
dually in the three periods (Table 4 and Fig. 5). The policy
benefits are obvious.

Simulations show that the effective reproduction number Re(t)
in Wuhan reached 1.38 before January 23, peaked at 1.791 on
January 24, and declined thereafter. The Re(t) was 0.0934 on
February 4, 2020, then dropped to 0.03367 on February 6, 2020,
and finally fell below 0.01651 by February 23. We plot the trend

of Re(t) (Fig. 6), which clearly shows that after the implementa-
tion of the “Lockdown” policy, the effective reproduction number
of Re(t) decreased significantly and the outbreak was well
controlled.

Besides, according to a previous study (Wang et al. 2020), the
infected people in Wuhan would reach 227,989 in late February
2020 without lockdown or the specific measures in the above
three periods, with an assumption of an epidemic spread of
Re(0)= 3.1. Based on the per capita cost of treatment (141,250
yuan) for the three categories of patients mentioned above, the
cost of treatment for epidemic patients alone would amount to
32.204 billion, while the direct economic loss of health is about
2142.5 million yuan in a month, it would add up to >30.06 billion
without the lockdown.

Moreover, if the policy had not been implemented, the number
of deaths would have reached 22,799, based on the percent of
deaths as 10% from a calculation of case fatality rate (CFR) at an
early stage of the epidemic (Chen et al. 2020), which means about
additional 20,713 innocent lives will be taken. It can be seen that
the effect of Wuhan’s Lockdown is worthy of recognition.

Conclusion and discussion
This is a preliminary study of the cost for the first month of a
locked-down city. Due to a major public health emergency, the
lockdown was implemented on a metropolis with over 10 million
people, which is unprecedented. How to evaluate the economic
losses in the economic system caused by such a lockdown is a new
topic that needs to be studied at present and in the future. In this
paper, we used the SIR model, health burden assessment, and the
IO model to quantify the economic losses in Wuhan under the
lockdown. We gave a fundamental framework of assessing the

Table 3 Total product loss of sectors.

Sectors Loss/million yuan Sectors Loss/million yuan

Manufacture of refined petroleum products, processing
of nuclear fuel

1812.52129 Food and beverage service 392.285631

Monetary intermediation and other financial service 1669.999383 Manufacture of paper and paper products 377.5854495
Farming 1575.99144 Manufacture of plastic products 374.0356118
Business service 1547.39021 Manufacture of other general-purpose machinery 372.6409802
Transport via road 1447.211474 Mining and washing of coal 367.586247
Extraction of crude petroleum and natural gas 1376.061407 Logistics and warehousing 339.6439639
Production and supply of electricity and steam 1196.198534 Manufacture of soft drinks and refined tea

products
327.0825538

Manufacture of parts and accessories for motor vehicles 1118.23097 Processing of steel rolling products 312.8820655
Retail trade 1103.381289 Manufacture of special chemical products 307.4403502
Real estate 1088.923504 Water transport 302.2743938
Fishery 901.5999004 Processing of other foods 301.3725889
Wholesale 870.1937226 Manufacture of rubber products 299.006964
Production and distribution of gas 728.9202493 Manufacture of prepared animal feeds 287.4780545
Slaughtering and processing of meat 651.9167348 Air transport 286.9515311
Manufacture of electronic components and parts 649.803287 Manufacture of other food products n.e.c. 286.2442608
Processing of aquatic products 597.525887 Manufacture of synthetic materials 265.1430516
Animal production 574.802015 Processing of non-ferrous metals rolling 257.2645898
Manufacture of fabricated metal products, except
machinery and equipment

526.8098945 Telecommunication 256.9645611

Services to households, repair, and other services 481.177 Manufacture of other electronic equipment 225.9475318
Information technology services 480.4121408 Cargo handling, transport agency 217.2261564
Manufacture of crude and refined oils from vegetable 477.3311358 Manufacture of tobacco products 212.7696182
Manufacture of lifting and handling equipment 431.6198859 Manufacture of other transport equipment 210.8796123
Manufacture of alcohol and alcoholic beverages 427.1081555 Public transport 207.8337236
Manufacture of basic chemicals 424.6285217 Renting and leasing 198.9865371
Manufacture of grain mill products 412.0942606 Postal service 198.6842798
Manufacture and casting of non-ferrous metals and
related alloys

408.0007918 Mining support activities and other mining and
quarrying n.e.c.

193.7999882

Total: 36396.61994 million yuan

Table 4 2020.1.23–2020.2.23 proportion of patients in the
three categories (%).

Date Light and normal Critical Death

Jan 23rd–Feb 4, 2020 67.24 27.80 4.96
Feb 5–Feb13, 2020 75.98 21.71 2.31
Feb 14–Feb 23, 2020 75.79 21.72 2.49
Total 81.34 23.76 4.10
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economic loss in Wuhan during the lockdown and established the
reference benchmark for the evaluation of monthly health losses
and meso-economic losses in a metropolis with a population of
over 10 million on lockdown.

The economic losses in Wuhan under the lockdown has
negative effects on economic development, while the total eco-
nomic losses will be controllable if COVID-19 is effectively
contained. The lockdown in Wuhan causes the economic loss of
residents’ physical health and mental health of 119.0353094 bil-
lion yuan, which is 7.437% of Wuhan’s annual GDP in 2019 and
35.454% of Wuhan’s first-quarter GDP in 2019 (Wuhan’s annual

GDP in 2019 is 1600.538 billion yuan, and that of the first-quarter
is 335.748 billion yuan). The direct economic losses of the directly
affected industries are 21.60939 billion yuan, which accounts for
1.35% of Wuhan’s annual GDP in 2019, and 6.436% of Wuhan’s
first-quarter GDP in 2019. The total indirect economic losses of
other industries are 36.39661994 billion yuan, constituting
2.274% of Wuhan’s annual GDP in 2019, and 10.8405% of
Wuhan’s first-quarter GDP in 2019. The monthly total economic
losses are 177.0413174 billion yuan, making up 11.0614% of
Wuhan’s annual GDP in 2019 and 52.7304% of Wuhan’s first-
quarter GDP in 2019. Although the economic loss of each

Fig. 5 Change in the proportion of patients in the three categories in Wuhan over three periods. The clinical severity of three categories was defined
according to the Handbook of Prevention and Treatment of the Pneumonia Caused by the Novel Coronavirus.
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Fig. 6 Change of the effective reproduction number Re(t) of Wuhan over three periods. The Re(t) is defined as the mean number of people who can be
infected by a typical primary case at time t. The disease is persist when Re(t) > 1, and the disease dies out when Re(t) < 1.
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industry under the lockdown could be estimated, there is a basic
macro judgment on the losses, which means that the economic
aggregate of Wuhan will not experience a significant decline due
to the short-term lockdown if the epidemic can be effectively
contained.

It is advisable to pay attention to the characteristics of the
industries impacted by the outbreak of COVID-19 and the
lockdown of such a megacity. With the acceleration of the process
of economic integration and the specialization of the industrial
division of labor, the links among industrial sectors have become
increasingly close, and a complex network of associations has
been reshaped. The loss or impact of any industry will experience
systematic risks. The empirical analysis of the IO model shows
that the lockdown of Wuhan has a greater impact on the man-
ufacture of refined petroleum products and processing of nuclear
fuel, monetary intermediation and other financial services,
farming, business service, transport via road, extraction of crude
petroleum and natural gas than on other industries. Therefore, it
is important to pay more attention to these industrial sectors that
are highly sensitive to COVID-19. We must take targeted mea-
sures according to the characteristics of different sectors and
develop scientific and effective post-epidemic recovery and
development strategies to reduce and recover the economic losses
caused by COVID-19.

The Lockdown of Wuhan provided extra time to prepare for
the arrival of COVID-19 in >130 cities across China (Tian et al.
2020). Within 1 month of the city’s Lockdown, Wuhan has
experienced a significant decrease in the critical condition and
death rates, as well as in the effective reproduction number. As
these policies prevented greater economic losses and more deaths,
the Wuhan Lockdown is a policy with significant potential
benefits.

This research has focused on the health loss due to the out-
break of COVID-19 and the meso-economic losses of the
industries due to the lockdown in Wuhan. Meso-economically,
we only evaluated the direct economic loss of the transport,
logistics and warehousing, postal service, accommodation, food
and beverage service industries, and the indirect economic losses
of 149 industries. The limitations of this research are the fact that
we have not evaluated the direct economic losses of all meso-
economic industry sectors, nor have we done the assessment from
a macroscopic perspective of consumption, exports, and invest-
ment due to lack of data.

Currently, the pandemic of COVID-19 has become a global
problem, the approach we used in this study can be applied to
assess the economic losses of other cities, which supplies a rough
estimation of the cost due to the pandemic.

Data availability
All data analyzed or generated during this study are publicly
available.
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