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Abstract 

Wuhan City was ordered into lockdown by the Chinese government from January 23 to April 

7, 2020 due to the COVID- 19 pandemic. The aim of this article was to assess the impact of the 

lockdown on the air quality of the city. The author collected and analyzed data from air quality 

monitoring stations in Wuhan to determine the variations of air pollutants concentration during 

2015-2021. The contemporaneous daily  average concentrations of pollutants in two quanta 

(T1: January 23 to April 7 each year; T2: other days each year) during the three periods (2015–

2019, 2020, 2021) were compared . The results are as follows. (1) In the T1 quantum, there were 

marked changes ofthe average concentrations in 2020 compared with the data  during 2015-

2019 (PM2.5, -44.30%; PM10, -46.60%; SO2, -46.12%; CO, - 18.54%; NO2, -56.56%;  O3,            

18.36%) . (2) In the T2 quantum, there were relatively small changes of the average 

concentrations in 2020   compared with the data during 2015-2019 (PM2.5, -24. 69%;  PM10, -

27.82%; SO2, -28.14%; CO, - 16.48%;  NO2, - 12.76%; O3, -3.22%). (3) When the changes of 

pollutants concentration that occurred in two quanta     were compared, it is easily to find that 

the change ranges in T1 quantum is larger than that in T2 quantum except CO, so the lockdown 

of Wuhan City was seen to have a significant effect on the city’s air quality. 
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1. Introduction 

The coronavirus disease (COVID- 19) has spread widely worldwide since it was firstly diagnosed 
on         December 27, 2019 and was reported on December 31, 2019 in Wuhan City, China (Huang 
et al., 2020). On March 11, 2020, the World Health Organization declared the COVID- 19, which 
is caused by the novel   coronavirus SARS-CoV-2, was a pandemic (WHO, 2020). In response to 
the rapid increase ofCOVID- 19   cases, the Chinese government sealed the entire city of Wuhan 
for 76 days from January 23 to April 7, 2020 . This was the first time in human history that a 
large city was locked down due to an epidemic. The social,  economic,and environmental impacts 
caused by the COVID- 19 pandemic have been widely studied by  scholars worldwide. 
Lockdowns of towns, cities, and nations to prevent the spread of COVID- 19 in 2020     can also 
affected global air quality (Josephson et al., 2021; Lal et al., 2020; Wang and Su, 2020; Wang et 
al., 2021; Zambrano-Monserrate et al., 2020) . For example, He et al. (2021) revealed the impact 
of COVID- 19  lockdowns on air pollutants (PM2.5, NO2, and O3) at global, continental, and 
national scales. 

A city blockade involved preventing traffic movement and banning people from moving out of 
the city. To prevent the spread of COVID- 19, various educational institutions were also closed 
and many isolation areas established (Wilder-Smith and Freedman, 2020). In the last ten days 
of January 2020, strict traffic  restrictions were implemented in Wuhan City and motor vehicle 
emissions in the urban area were reduced to the maximum extent possible . Observations 
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showed that the composition of the atmosphere in eastern China changed significantly between 
January and February 2020. 

This study examined the change trends of the concentrations of major air pollutants in Wuhan 
City before, during, and after the lockdown (2015–2019, 2020, 2021), and evaluated the impact 
oflockdown to control    epidemic spreading on air quality of the city. 

2. Research areas, data resources and methods 

Wuhan City is the capital of Hubei Province and the largest metropolis in Central China (Figure 
1). The Yangtze and Hanjiang rivers–the third-largest river in the world and its largest 
tributary–run through the  center of the city. Wuhan City is divided into three parts, with 
Wuchang, Hankou, and Hanyang towns  stretching across the two rivers. Over 13 districts 

covering an area of 8,467 km2 come under the jurisdiction of the city with its 11 million 
permanent residents, 83 universities, and many large industrial emission   sources such as steel 
and chemical factories. It is also an important aviation and railway transportation hub  in China . 

The data of concentrations of PM2.5, PM10, CO, NO2, SO2 and O3 were obtained from Chinese                   
environmental monitoring stations (http://www.cnemc.cn/), with hourly monitoring data 
selected from nine   air quality monitoring sites in Wuhan from January 1, 2015, to April 30, 
2021 (Table 1). Data were used to   calculate the daily average concentrations of each pollutant 
and estimate the data change trends from 2015 to 2021 . 

 
Figure 1 Geographical locations of air quality monitoring sites in Wuhan City 
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Table 1 Detailed descriptions of air quality monitoring sites in Wuhan City 

 
Data Sources: Xu et al., Aerosol and Air Quality Research, 17: 741–751, 2017 

Daily (24h or 8h) data from January 23 to April 7 of three periods (2015-2019, 2020, 2021) 
were used to calculate the average concentrations of each pollutant in T1 quantum (January 23 
to April 7 each year, T1). Similarly, data from other days of each period were used to calculate 
the average concentrations of each pollutant in T2 quantum (Other days each year, T2). 
Furthermore, the variations of the average   concentrations were determined to assess the 
relative change (%) by comparing the data in 2020 to the data during 2015-2019, and the data 
in 2021-if it be released- to the data in 2020. 

3. Results and discussion 

This research compared the evolution of the daily average concentrations of PM2.5, PM10, SO2, 
CO, NO2 and O3 in Wuhan City in T1 quantum and T2 quantum during 2015–2021 (Figure 2, 
Table 2). 

In 2020, the average concentrations of PM2.5, PM10, SO2, CO, NO2 and O3 changed by -44.30%, 
-46.60%, -46.12%, - 18.54%, -56.56% and 18.36% respectively in T1 quantum, and changed by 
-24.69%, -27.82%,     -28.14%, - 16.48%, - 12.76% and -3.22% respectively in T2 quantum, versus 
the five-year average values   (2015–2019). Obviously, there occurred a sharp down of air 
pollutants concentration in 2020 except O3. In T1 quantum, the land surface O3 level increased 
by a big margin. From 2020 to 2021, the average   concentrations of PM2.5, PM10 and NO2 
increased by 21.41%, 39.53% and 82.68% and the O3 level   decreased by 20.89% respectively 
in T1 quantum. But the values of SO2 and CO have little change in the     same time. We all know 
that the principal sources of air SO2 is coal combustion and factory emissions, and  the main 
source of NO2 is motor vehicle exhaust. As to air PM2.5 and PM10, they come from the chimneys,   
road dust raising and vehicle emissions. So, the reductions of PM2.5, PM10, SO2 and NO2 
concentrations in    2020 indicates the reductions of industrial activities and traffic flows during 
the COVID- 19 epidemic. Once the strict epidemic control measures were ended, the industrial 
productions and other human activities were going to resume, which would result in the 
increase of air pollutants. The slight changes of SO2 and CO   probably have to do with the air 
pollution control plans implemented in China. 

A comparison of the changes that occurred in T1 and T2 quantum showed that the lockdown 
policy had a significant effect on the concentrations of all pollutants except CO. From Table 2, 
we can note that the         change rates of air pollutants pendulated between -56.56% and +18.36% 
in T1 quantum, and fluctuated   between -28.14% and -3.22% in T2 quantum. Because the T1 
quantum of 2020 was just the lockdown time of Wuhan City and the T2 quantum was a relatively 
normal time of the city, the differences of change rates  between T1 and T2 can inflect the 
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different effects of human activities on air pollutants concentration. In     other words, the change 
rates which is out of range in normal time directly inflect there occurred significant impacts of 
the lockdown against COVID- 19 pandemic on air quality in Wuhan City. 

From Figure 2, the monthly change characteristics of air pollutants is also can be easily seen. 
SO2 decreased in T1 quantum but increased afterward, and this may be related to the 
continuous use of coal for heating in winter and the production activities that took place in 
related industries (Wang et al. 2020b) .    Similarly, PM2.5, PM10, NO2 and CO concentrations 
also increased after August. The O3 curves roughly  presented a opposite trend. With the 
gradual increase of near-surface temperature and ultraviolet solar    radiation levels, the O3 
formed rate increased and thus the O3 concentration increased steadily. Although  NOx 
emissions decreased in February 2020, the near-surface temperature and ultraviolet radiation 
levels  were significantly higher than those in the same time of the previous year, and this could 
cause the increase of O3 production significantly (Wang et al., 2019). 

In general, concentrations of PM2.5, PM10, SO2, CO and NO2 decreased in 2020 compared with 
the five-year (2015–2019) average values due to the decrease of traffic, industry productions 
and other human activities which were held back by epidemic. To evaluate how far does the 
lockdown effect on each air      pollutant, this research identified the different change rates 
between special and normal quantum. 

 
 

Figure 2 Daily average concentrations of the air pollutants (μg/m3) in Wuhan, China during 
2015–2021 
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Table 2 The changes of average concentrations of air pollutants in Wuhan, China 

 

4. Conclusions 

It was found that lockdown of Wuhan City in T1 quantum 2020 had a significant effect on the                 
concentrations of all pollutants except CO . The average concentrations of PM2.5, PM10, SO2 and 
NO2 in T1 2020 decreased significantly compared with values during the same time in 2015-
2019 and 2021 due to the decrease of human activities . When the lockdown ended, the resume 
of human activities including industry productions and traffics, coupled with the air pollution 
control policies implemented in China, led to an      increase trend of the concentration of PM2.5, 
PM10, NO2 in the early 2021. 
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