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I

n early December 2019, an outbreak of the novel
coronavirus (COVID-19) occurred in Wuhan,
Hubei Province, China, and spread rapidly
throughout the country. As of 15 June 2020, there
had been about 84,000 confirmed cases throughout China. The Chinese government launched a
national emergency response upon the detection of
the COVID-19 virus in Wuhan. In terms of national
prevention and control measures, the government
encouraged people to stay at home; discouraged
mass gatherings; extended the Lunar New Year
holiday; closed all crossprovince bus services; and
closed schools, government offices, and factories.
Motorized vehicular traffic was prohibited or severely restricted.
The nationwide antivirus battle in China caused
dramatic changes to life on personal and societal
levels. Particularly sensitive sectors in the Chinese
economy were hit hardest, including transportation, tourism, retail, and entertainment, which led
to the GDP decreasing by 6.8% in the first quarter of
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2020. On the other hand, there have been some
improvements associated with the lockdown.
For example, a dramatic decrease in air pollutant emissions has been observed coinciding with the national lockdown, which turned
out to be an ideal and unique field experiment
to examine the effects of preventing and controlling severe air pollution, and to learn more
about air pollution mitigation.

Air quality variations during the
COVID-19 epidemic

In this study, air quality within the twomonth period after 26 January 2020 (i.e.,
“AF1 period”: 26 January–25 February
2020; “AF2 period”: 26 February–27 March
2020) are compared with air quality one
month before 23 January 2020 (i.e., “BF”:
23 December 2019–22 January 2020). The
corresponding historical average air quality
data of BF, AF1, and AF2 (i.e., His_BF: 23
December–22 January during 2013–18; His_
AF1: 26 January–25 February during 2014–
19; His_AF2: 26 February–27 March during
2014–19) are included to show the relative
variation of air quality during the nationwide
lockdown. The air quality during the epidemic is evaluated at the provincial level, because
the extent of the lockdown measures differs
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(center) Distribution of confirmed COVID-19
cases by 25 Feb 2020 and (a)–(n) normalized air
pollutant concentration in the BF, AF1, and AF2
periods. Provinces with the lowest five normalized air pollutant concentrations (highest for O3)
during the AF1 period are listed here. An asterisk (*) in the labels along the x axis indicates the
five selected provinces for the specific species.
Air quality variation over the megacity Shanghai
is also shown. Concentrations for Hubei Province
are the average of 12 cities excluding Wuhan.
Subplot titles are colored according to the confirmed-cases magnitude.

regionally, and is based on the severity of the
local epidemic.
Except for O 3, the concentration of air pollutants from the BF to AF2 periods is lower
than their historical average, with the normalized concentrations less than 100%, reflecting the success of recent air pollution
mitigation measures in China. The normalized concentrations of air pollutants are generally lowest in the AF1 period, and then partially rebound in the AF2 period. As far as the
national average is concerned, PM2.5, PM10,
SO 2, CO, NO 2, and O 3 concentrations show remarkable variations compared with those of
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historical averages, with a range of 15%–52%
reduction in concentrations during the first
month of the lockdown period, and 2%–48%
during the second month. The Chinese government rolled out their most ambitious and
aggressive disease containment effort in the
AF1 period. Loosening some of the economic
restrictions as the rate of new COVID-19 cases
decreased in AF2 may have partially canceled
out the positive effect of the lockdown on air
quality.
In general, there are more notable variations in air quality during the AF1 period
than during the AF2 period; we will thus
focus on the former here. Provinces with the
lowest five normalized air pollutant concentrations (though highest for O 3 ) during AF1
are the hardest hit by COVID-19, with more
than 500 confirmed cases, demonstrating the
link between disease prevention and control
measures and air quality in China. With the
strictest antivirus measures during the pandemic, PM2.5, PM10, and NO 2 concentrations
decreased significantly in these provinces
by approximately 51%–54%, along with a
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30% increase in O 3, when comparing AF1
with its historical period in Wuhan. In addition to Wuhan, the provinces of Zhejiang,
Jiangxi, Hunan, and Hubei are in the top
five list of AF1 PM2.5 in terms of a decrease
in air pollution concentrations (45%–49%)
compared with the historical average, which
is greater than the decrease during the BF
period. Provinces with the largest reductions
in PM2.5 concentration also show a significant decrease in PM10 concentration, by

Relative difference of (a) 10-m wind speed, (b)
vertical wind shear, (c) vertical potential temperature difference (Δθ), and (d) surface relative
humidity (RH) between the AF1 and His_AF1
periods {i.e., values of [(AF1 − His_AF1)/His_AF1]
* 100}. Positive differences of wind speed and
wind shear as well as negative differences of Δθ
and RH indicate more favorable meteorological
conditions for the diffusion of air pollutants.
Taking the ±10% difference as a threshold of
significance, (a) shows the number of significant
unfavorable indices among the four.
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49%–54%. Approximately 65% of provinces
and areas in China show normalized PM2.5
and PM10 concentrations lower than 80%
and 70%, respectively, in the period of AF1.
However, Beijing, Tianjin, and surrounding
areas have relatively high normalized particulate pollution concentrations of about 100%
for PM2.5 and 70%–80% for PM10.
Although there have been efforts to improve air quality, the decrease in nationwide NO 2 concentration was insignificant in
recent years. However, during the COVID-19
outbreak, there was a remarkable decrease
in NO 2 concentration of more than 55% over
some of the hardest hit areas. Except for
Guangxi Province, O 3 over the other provinces and areas increased significantly with the
outbreak of coronavirus. The normalized O 3
concentrations range from 81% to 116% in the
BF period and from 99% to 134% in the AF1
period. The contrasting trend between O 3 and
other air pollutants appears to be connected
with the concurrent decrease of NO 2. In addition, the reduction of particulate pollutants
leads to more solar radiation reaching the
surface, which stimulates photochemistry
and O 3 production.

Effect of meteorological elements

Local ambient air quality is driven by both
air pollutant emissions and meteorological
conditions. Generally, lower surface wind
speed, lower vertical wind shear, larger potential temperature difference between 850
and 1,000 hPa, and higher relative humidity
(RH) are unfavorable for the diffusion of surface air pollutants. The number of significant
unfavorable indices indicates that Beijing,
Tianjin, and northeast Liaoning Province
collectively experienced significantly lower
air pollutant concentrations in the AF1 period. Except for Beijing and Tianjin, most of
the provinces and regions with a large variation in air quality did not show significant
favorable or unfavorable meteorological diffusion conditions for air pollutants during
the AF1 period. This indicates that the variations in air pollutant concentrations can be
attributed to the changes in anthropogenic
activities during the lockdown. However,
the unfavorable atmospheric horizontal and
vertical diffusion conditions combined with
the relatively high humidity over Beijing and
Tianjin regions promote the accumulation of
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METADATA
BAMS: What would you like readers to learn
from this article?
Xiaoyan Wang (Fudan University): The
Chinese government has made massive
efforts to control severe air pollution in
recent years, resulting in great improvement in air quality. But some new problems
became evident when the particle pollution
was eased—for example, ozone pollution—
which brought new challenges to our government. The nationwide lockdown during
the terrible COVID-19 pandemic can be considered as an ideal emission-reduction field
experiment under the current air quality
background in China.

ambient air pollutants, hygroscopic growth,
and secondary formation of particles, which
might negate the effects of emission reduction during the lockdown period.

Conclusion

Although China’s air quality improved greatly due to the strict emission reduction measures in recent years, the government is still
taking steps to win “the battle for blue sky.”
The variations in the nationwide air quality
during COVID-19 should be referenceable in
determining the goals of future emission reduction policies. With the nationwide reduction of anthropogenic activities, the pollution
of particulate matter, SO 2, NO 2, and CO could
be eased substantially, whereas the problem
of increasing O 3 is obviously going to require
more attention. The increase of particulate
pollution in Beijing during the pandemic indicates that air pollution episodes may still
occur with unfavorable background meteorology, even with emission reduction efforts,
such as those during the COVID-19 period. As
the domestic coronavirus epidemic is brought
under control, China is already working to
bolster its economy and restore normal social
interactions in a stepwise fashion. Blue skies
and economic development are equally important after the resumption of work taking
place across China.
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