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Abstract: During the period of COVID-19, the Chinese government implemented a series of actions 
to prevent the spread of the virus. It is noticed that these preventive actions have generated positive 
effects on air pollution in Wuhan and Beijing. And, due to the differences in city functions, geo-
graphic locations, meteorological conditions, and preventive action details between the two cities, 
noticeable difference is observed on how they reduced air pollution. This unfortunate incident has 
become a social sample for studying the industrial and livelihood activities impact on air pollution, 
otherwise would be highly impossible. This paper starts from observing data from NASA's real-
time fine particulate matter (PM2.5) and NO2, and comparing the air pollution in this special time 
domain with previous years. It is discovered that both PM2.5 and NO2 have been reduced in Wu-
han, while only NO2 has significant reduction in Beijing, during the COVID-19 responses. This sug-
gests that the human activity suppression by the COVID-19 control yields different effects on dif-
ferent pollutants and in different cities. Possible reasons for such effects are analysed by considering 
the public health control levels as well as the pollutant migration, industrial activities, and the 
weather conditions.  
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1. Introduction 
Industrial activities, transportation, and service industries in cities have had serious 

impact on environment and even human being themselves. One of the most significant 
impacts is the pollution of the atmosphere. For example, the most well-known pollutant-
PM2.5, fine inhalable particles, with diameters that are generally 2.5 micrometres and 
smaller, can cause stroke, heart disease, lung cancer, chronic respiratory diseases and 
other diseases that are extremely harmful to human health. The World Health Organiza-
tion (World Health Organization, WHO) research report pointed out that as many as 4.2 
million people die every year due to air pollution [1]. In addition, the School of Environ-
mental Sciences of the University of North Carolina and the National Environmental Pro-
tection Agency have proposed that in some areas with serious pollution problems, 1000 
people per square kilometre per year die prematurely as a result [2]. 

This study selected the two of the most representative air pollutants, PM2.5 and ni-
trogen dioxide (NO2), as the research objects. The production of the two types of pollu-
tants come from both man-made sources and natural sources. But in this study, the evo-
lution of such pollutants mainly come from man-made sources, because the influencing 
factors of their natural sources—geographical location and meteorological conditions—
are relatively stable in the period of time span of interest. Man-made sources (such as NO 
produced by high-temperature combustion and converted into NO2) have a great corre-
lation with human activities.  
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China’s rapid economic development in recent years has led to an increase in man-
made air pollution, which is still an urgent problem to be solved. At the time of the epi-
demic, the government issued many policies restricting Beijing and Wuhan in order to 
control the disease, which significantly changed the patterns of people activities in the 
cities and corresponding specific air pollutants. Such restrictions were impossible if it was 
not for the purpose of epidemic control. This provided conditions for the research of the 
effect of human activities on air pollution. This study selected Beijing and Wuhan as the 
research cities. By comparing the differences in pollutants between the implementation of 
different restriction actions before and after the epidemic, the study aims to develop some-
what more specific treatment of air pollution in these two cities. 

The reason that Beijing and Wuhan are selected as the research cities is that they rep-
resent typical conditions in terms of geographical location, climate, and restriction actions. 
Regarding geographical location, Beijing is at east and at the border of the sea; Wuhan is 
at west and inland. Regarding climate, Beijing has a temperate monsoon climate; and Wu-
han has a subtropical monsoon climate. Regarding cities functions, Wuhan is a typical 
heavy industry city with industries such as automobiles, shipbuilding, steel, and metal-
lurgy; while Beijing is a representative city centred on culture and political matters, with 
almost zero heavy industry. 

2. Research Methods and Data Sources 
2.1. Research Method 

The purpose of this study is to reveal the impact of changes in human activities 
caused by epidemic control on air pollution. This study on the pollution changes is 
achieved by comparing the pollutant emission during the epidemic with that at same pe-
riod in history when no epidemic control was implemented. The study then analyses 
whether and how the correlation exist between air pollution conditions and the corre-
sponding epidemic control actions, aiming to find some cause and effect relationship. 

In this study, the historical data of the same period from 2015 to 2019 was selected as 
the baseline data for the pollution during the epidemic. The data for the past five years is 
averaged over the same period, to eliminate the data fluctuations as a set of relatively 
reliable data benchmarks. Comparing the data over the same period will also greatly elim-
inate seasonal effects. However, due to the variability of meteorological conditions, on 
certain dates this year, there may still be some large deviations from historical average 
meteorological conditions, which may cause some interferences that have nothing to do 
with the epidemic. Therefore, in order to further isolate the impact of epidemic control 
from effects of pollutant migration and dissipation caused by meteorological conditions, 
the study will also make necessary analyses on the meteorological conditions.  The influ-
ence of meteorological factors will be discussed in the form of atmospheric self-cleaning 
ability index. 

2.2. Data Sources 
In this study, the reliability of the data is critical. These data include real-time changes 

in PM2.5-related pollutants, NO2, and meteorological conditions (including cloud cover, 
wind, precipitation, etc.) from the beginning of 2015 to the present. One set of the most 
recognized data resources in this field was picked: EarthData under the National Aero-
nautics and Space Administration (NASA). The wild-recognition of such databases ena-
bles an additional benefit: the study in this paper is ready to be cross checked in terms of 
consistency by numerous other publications which also make use of these databases.. The 
key data used in this study is listed below: 

2.2.1. PM2.5 Related Pollutants: MERRA-2 Aer Database 
The organic pollutant particles in PM2.5 have been found to be linearly related to 

organic carbon (OC, Organic Carbon) through experimental studies from Turpin [3], in 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 March 2021                   doi:10.20944/preprints202103.0320.v1

https://doi.org/10.20944/preprints202103.0320.v1


 3 of 18 
 

 

which the urban area coefficient is 1.6 +/− 0.2. Sulphate (SO4), nitrate (NO3), and ammo-
nium salt (NH4) are the main inorganic pollutant ions. The MERRA-2 database provides 
separate data on dust, black carbon, and sea salt with a diameter of less than 2.5 microns, 
all of which are part of PM2.5. This study uses the PM2.5 correlation formula in the above-
mentioned literature as follows: 

[𝑃𝑀2.5] = 1.375[𝑆𝑂ସ] + 1.6[𝑂𝐶] + [𝐵𝐶] + [𝐷𝑈] + [𝑆𝑆] (1)

where 
𝑆𝑂ସ: Sulphate 
𝑂𝐶: Organic Carbon  
𝐵𝐶: Black Carbon 
𝐷𝑈: Dust 
𝑆𝑆: Sea Salt 
This correlation is relatively accurate in the in most low-to-medium pollution situa-

tions; while in high-pollution situations, this correlation normally gives underestimated 
results, e.g., in higher polluted season like winter. Moreover, with relatively little nitric 
acid data in NASA databases, it is also underestimated in the case of high NOx contami-
nation. However, considering the purpose of this study, comparing epidemic data with 
historical data, and most of the time of the epidemic is not in winter, this correlation is 
still very useful. Moreover, even considering the deviations the analysis of PM2.5 without 
NOx contamination, we can at least reveal the changes in the contributions of black car-
bon, organic carbon, dust, and sulphate. 

2.2.2. The NO2 Column Concentration in the Troposphere: OMNO2 Database 
The NO and NO2 present in the troposphere are polluting gases, collectively referred 

to as nitrogen oxides (NOx). NO is unstable at room temperature and will oxidize to NO2. 
Therefore, the study of NO2 has representative significance. In addition, NOx will gener-
ate nitrate in the atmosphere and cloud droplets, causing secondary pollution (one of the 
components of PM2.5). 

2.2.3. Meteorological Data, MERRA-2 COSP Database (Cloud Data), Flx Database (Pre-
cipitation), Slv Database (Wind Speed) 

These databases include various data that affect the migration, diffusion, and dissi-
pation of pollutants, wind direction and speed at different heights, cloud cover at different 
heights, precipitation, and other data. In view of the large variation of this type of data 
within a day, these data are all selected with a resolution of 1 h to ensure that they can be 
considered as approximately static during this time interval for the purpose of the data 
processing. 

Please refer to Table 1 for the specific data sources. 

Table 1. Key databases and the corresponding references. 

Data Resource Database Main Data References 

PM2.5 MERRA-2 Aer 

Black Carbon Surface 
Concentration 
Organic Carbon Surface 
Concentration 
Dust Surface Concentration 
Sulphate Surface Concentration 
Sea Salt Surface Concentration 

[4] 

SO2 MERRA-2 Aer SO2 Surface Concentration [4] 
NO2 OMNO2  NO2 vertical density [5] 
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NO2 tropospheric column 
density  

weather 

cloud 
coverage 

MERRA-2 
COSP 

Area fraction for high clouds 
Area fraction for middle clouds 
Area fraction for low clouds 

[6] 

precipitation MERRA-2 flx total surface precipitation [7] 

wind MERRA-2 slv 

2 meter eastward wind speed 
2 meter northward wind speed 
10 meter eastward wind speed 
10 meter northward wind speed 
50 meter eastward wind speed 
50 meter northward wind speed 

[8] 

2.3. Data Range 
The scope of this study was focused on Beijing and Wuhan and their surrounding 

areas. The range of longitude and latitude selected for Beijing (within the rectangular 
range of (115.625° east longitude, 39.5° north latitude) and (116.875° east longitude, 40.5° 
north latitude)) is consistent with the numerical data resolution given by NASA—0.625 
degrees longitude and 0.5 degrees latitude. The entire area includes a data array com-
posed of 9 points in three horizontal and three vertical data. The distribution of specific 
areas and data points is shown in Figure 1. 

 
Figure 1. Regional scope and data point distribution of Beijing. 

Similarly, the data range of Wuhan is selected in the rectangular range formed by 
(113.75° E, 30.0° N) and (115° E, 31.0° N), and contains an array of three horizontal, three 
vertical and nine data points as shown in Figure 2.  
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Figure 2. Regional scope and data point distribution of Wuhan. 

In order to analyze the impact of the epidemic on the pollution situation, this study 
compared the pollution in 2020 in different periods and the pollution over the same peri-
ods of time in the past five years. Therefore, the selection of the above data starts at 00:00 
on 1 January 2015, and ends at 23:00 on 31 July 2020. Since the migration process of pollu-
tants is affected by many complex factors which vary within a day with high randomness, 
this study tries to select a database with a high time resolution: except for NO2, the rest 
are all 1-h interval data. 

In order to analyse the changes more clearly in pollutants after and before the epi-
demic, this study selected PM2.5 and NO2 data from 2015 to 2019. And considering the 
deviation caused by the influence of some individual factors, this study takes the average 
value of the previous five years, and performs a five-day average calculation to smoothen 
the curve for comparison with 2020. 

NO2 data is affected by more complex factors highly affected by the sky cloudiness. 
Therefore, in some weather conditions, NASA did not provide data, but the collected data 
is sufficient to prove the overall trend of NO2. 

2.4. COVID-19 Control Actions in Beijing and Wuhan 
In order to study the impact of COVID-19 control actions on pollution, this study 

collected the control actions taken by Beijing and Wuhan as in Tables 2 and 3. 
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Table 2. Control Actions taken in Beijing COVID-19 period. 
Date Control Action Taken Reference 

24 January 
2020 

Beijing launched level one response to 
major public health emergencies.  

Beijing Municipal People's Government 
http://www.beijing.gov.cn/ywdt/gzdt/202001/t20200124_1828
366.html 

30 April 2020 
The emergency response level of public 
health emergencies in Beijing was 
lowered from level one to two 

Beijing Municipal People's Government 
http://www.beijing.gov.cn/gongkai/hygq/202004/t20200429_1
888374.html 

6 June 2020  
The emergency response level of public 
health emergencies in Beijing was 
lowered from level two to level three 

People's Government of Dongcheng District, Beijing 
http://www.bjdch.gov.cn/n3952/n9279505/c9657416/content.h
tml 

16 June 2020  
Beijing's emergency response level was 
raised from three to two. 

People's Government of Changping District, Beijing 
http://www.bjchp.gov.cn/cpqzf/315734/bmdt/5276930/index.h
tml 

20 July 2020  
Beijing emergency response level adjusted 
to level three 

Beijing Human Resources and Social Security Bureau 
http://rsj.beijing.gov.cn/bm/ztzl/yqzl/bj/202007/t20200720_195
1985.html 

Table 3. Control Actions taken in Wuhan COVID-19 period. 

Date Control Action Taken Reference 
24 January 
2020 

Launched level one response to major 
public health emergencies. 

Novel Coronavirus Infected Pneumonitis Epidemic 
Prevention and Control Headquarters, Wuhan (No. 1) 

2 May 2020 
The emergency response level of public 
health emergencies in Wuhan was 
lowered from level one to two 

Sina News 
http://news.sina.com.cn/o/2020-05-01/doc-
iircuyvi0890448.shtml 

13 June 2020 
The emergency response level of public 
health emergencies in Wuhan was 
lowered from level two to level three 

Novel Coronavirus Infected Pneumonitis Epidemic 
Prevention and Control Headquarters, Wuhan (No. 23) 

10 August 
2020 

Junior Middle school grade 1 and Grade 2 
return to school 

Novel Coronavirus Infected Pneumonitis Epidemic 
Prevention and Control Headquarters, Wuhan (No. 24) 

Such control actions responding to public health emergencies are mainly to reduce 
the flow of people and restrict the highly concentrated population places, such as restricts 
of inter-provincial and municipal tourism, entry and exit control of residential areas, 14-
day quarantine of high-risk groups, closure of theatres and supermarkets or flow re-
striction. These restrictions had great impact on transportations and some tertiary indus-
tries. The severity of the epidemic represented by the response level from high to low is 
first-level response, second-level response, and third-level response. But the control action 
taken at the same response level had very different impact on different cities. Put second-
ary industry as specific examples in Beijing and Wuhan: many large manufactures of en-
terprises/companies are located Wuhan; Whereas in Beijing, the secondary industry is rel-
atively a small portion and there are few manufactures but mainly offices. Under response 
level 1, majority of the enterprises in Wuhan need to suspend production and stop all 
activities[9-11], while there is no major impact on the entire industry[12-14] in Beijing as 
the employees can still work but from home due to their characteristic of the work.  

3. Comparison of Changes in Pollutants during the Epidemic 
This chapter is to compare the pollution data during the epidemic period and the 

past five years in the same period and explore the relationship between the rise and fall 
of various pollutants with time, in Beijing and Wuhan. The pollutants studied include 
PM2.5 and NO2. 
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In order to mitigate the impact of extreme data and highlight the overall trend of 
change, all data in this chapter are processed using a five-day moving average method. 

The data in this chapter used the nine-points-sampled data described session 2.3, and 
the corresponding average value (except explicitly named otherwise). 

3.1. Beijing 
In this study, the extracted black carbon (BC), organic carbon (OC), dust (DU), sul-

phate (SO4) and sea salt (SS) data were used to calculate PM2.5 through Equation (1). 
Figure 3 shows a comparison of the PM2.5 surface concentration in 2020 and the average 
of the same period in the past five years. The figure shows the time points of major 
changes in epidemic control measures: 

A. When the epidemic began, Beijing initiated a first-level response 
B. Response level changes from one to two 
C. Response level changes from two to three 
D. Response level raises level three to level two 
E. Response changes from level two to level three 

 
Figure 3. Comparison of the change of PM2.5 concentration in Beijing in 2020 with the average value of the same period 
in the past five years. 

From Figure 3, it is found that in 2020, in the first two months of the beginning of the 
year, PM2.5 has a large increase compared with the average of the same period in previous 
years. Especially during the end of January and early February, there were two periods of 
heavy pollution significantly higher than in previous years (shown as two peaks I and II 
in the figure). The relative abnormal behaviour of these two peaks will be discussed in 
detail later. In early March and mid to late May, PM2.5 decreased slightly. For the rest of 
the time, the trend was basically in line with the average of the previous five years.  

Table 4 listed the different stages in the epidemic period according to different con-
trol actions, the corresponding PM2.5 average level in these stages, and the ones during 
the same period of history. It can be seen from the table that during the entire epidemic 
period, the pollution increased significantly in some periods and decreased significantly 
in some other periods; the magnitude of the increase and decrease has no obvious corre-
lation with the level of epidemic control. The total average pollution level is roughly the 
same as the historical average for the overall seven months epidemic period in this study. 
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Table 4. Comparison of PM2.5 in different periods of the epidemic with the historical 2015-2019 average of the same 
period, Beijing. 

    Unit（μg/m3) 

Date Period Response Level  
Year 15–19 

Average 
2020 2020 Increase 

Year 15–19 
Standard 
Deviation 

1/1–23/1 
Before any responses 

implemented 36.17  38.39  6.13% 6.60  

24/1–29/4 Level 1 35.24  38.53  9.34% 2.15  
30/4–5/6 Level 2 37.52  31.10  −17.10% 1.73  
6/6–16/6 Level 3 40.81  41.69  2.17% 4.98  

17/6–19/7 Level 2 52.20  48.70  −6.69% 4.05  
20/7–31/7 Level 3 54.95  45.84  −16.58% 3.71  
1/1–31/7 Response Average 39.76  39.38  −0.97% 1.78  

Moreover, the following components were extracted from the NASA database: sul-
phate (SO4), organic carbon (OC), black carbon (BC), and dust (DU). Figure 4 shows, in 
turn, the changes of these components during the epidemic and the corresponding histor-
ical five-year averages for the same period： 

 
Figure 4. Comparison in between the average value of pollutants during the epidemic period in 
Beijing and that of the historical corresponding period. 

From Figure 4, it can be concluded that almost all the sub-items have the same trend 
as the average value of the past five years, and there is no significant change. Therefore, 
in combination with the previous paragraph, it can be concluded that the control action 
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implemented during the epidemic did not have a significant impact on Beijing's PM2.5 
content. 

Similar analysis was done on NO2. (Figure 5). It can be seen that the behaviour of the 
concentration of pollutant NO2 is significantly different from PM2.5. In the seven months 
of 2020, the NO2 tropospheric column concentration is significantly lower than the aver-
age over the same period, from 2015 to 2019. The average value of the overall tropospheric 
column concentration in 2020 is calculated as 1.06 × 10−16 kg/m2, and the corresponding 
historical average for the same period is 1.4 × 10−16 Kg/m2, which is a drop of nearly 30% 
compared to the data during the epidemic period. 

 
Figure 5. Comparison of NO2 during the epidemic with the historical mean value over the same period. (Because NO2 is 
greatly affected by cloud coverage, the database does not provide continuous changes in NO2 over time throughout the 
year, but the existing valid data can still show obvious trends.) 

To summarize, during the epidemic period, Beijing's PM2.5 did not change signifi-
cantly compared with previous years. But there is a significant decrease in NO2. 

3.2. Wuhan 
The same analysis was applied to Wuhan, and the following conclusions were ob-

tained. 
The comparison between Wuhan PM 2.5 during the epidemic period and the same 

period in history is shown in Figure 6, where the important time points of the epidemic 
control measures are marked: 

A. At the beginning of the epidemic, Wuhan City initiated the Level 1 response 
B. Response level changes from one to two  
C. Response changes from level two to level three  
Figure 6 shows that for most of the time in February, Wuhan’s PM2.5 emissions in 

2020 had a significant decrease compared with the same period in prehistoric times. In 
May and June, although the amount of decrease was reduced, it was still a decrease. A 
slight rebound in July was also observed. 
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Figure 6. Comparison of PM2.5 in Wuhan during the epidemic with the historical average of the same period. 

Similar as the analysis on Beijing, we compared the PM 2.5 level during different 
period of response level for Wuhan (Table 5). During the level 1 response and the level 2 
response periods, a significant PM 2.5 decrease was observed in 2020 compared with the 
previous five years; while at level 3 response period, an increase was observed. Overall, 
the emergency response action taken during the epidemic period results in a noticeable 
improvement for Wuhan's PM2.5 pollution. 

Table 5. Comparison of PM2.5 pollution under different epidemic control actions with the historical average over the 
same period, Wuhan. 

    unit：μg/m3 

Date Period Response Level  Year 15–19 
Average 

2020 2020 Increase Year 15–19 
Standard Deviation 

1/1–23/1 Before any responses 
implemented 

56.74 57.47 1.29% 5.10 

23/1–1/5 Level 1 49.53 46.48 −6.17% 2.00 
2/5–12/6 Level 2 48.59 39.79 −18.10% 4.63 

12/6/12–31/7 Level 3 34.10 38.01 11.47% 2.91 
1/1–31/7 Response Average 46.57 44.40 −4.67% 2.55 

Similarly, we compared the changes in the mean value of NO2 during the epidemic 
and the same period in history. These changes are shown in Figure 7: 
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Figure 7. Comparison of NO2 during the Wuhan epidemic with the historical average over the same period. (Because NO2 
is greatly affected by cloud cover, the database does not provide continuous changes in NO2 over time throughout the 
year, but the existing valid data can still show obvious trends.) 

Figure 7 shows that the nitrogen oxide tropospheric column density in 2020 has a 
significant decrease than the average value of the previous five years. And the period of 
greatest decline was before May. Through the time comparison in the table, it is noticed 
that this is the part with the strictest epidemic control (Level 1 and 2). After the relaxation 
of epidemic control, the 2020 decrease vs. the last five years has gradually narrowed. Ni-
trogen oxides are mainly the products of combustion. Almost all types of combustion pro-
duce more or less nitrogen oxides, including the emission from the car and industrial scale 
high temperature combustion processes. Therefore, it is more reasonable to use nitrogen 
oxides to represent the combustion situation in cities. This shows that the epidemic has a 
far-reaching impact on Wuhan as a lot of secondary industrial manufactures are in the 
city. The data can also reflect this change intuitively: during the first seven months, the 
average value of the overall tropospheric column concentration (column concentration) 
in 2020 is 5.11 × 10−15 kg/m2, while the corresponding historical average over the same pe-
riod is 8.33 × 10−15 kg/m2. In contrast, NO2 dropped by nearly 40% during the epidemic.  

In conclusion, various types of pollutant in Wuhan have significant decline compared 
to the same period in history. Among them, the change in PM2.5 is small, and the decline 
in NO2 is significant. 

4. Discussion and Analysis 
To sum up the analysis for Beijing and Wuhan cities during epidemic period: 

 There was no obvious change in Beijing's PM2.5 pollution, and the nitrogen oxide 
index dropped significantly. 

 Wuhan's PM2.5 pollution has a slight yet notable decrease, and the nitrogen oxide 
index has dropped significantly. 
In both cities, NOx is affected much more significantly than PM2.5 by the epidemic 

control actions; while PM2.5 is more affected in Wuhan than Beijing. Such different effects 
then need to explain. By comparing the government's control actions over these two cities 
mentioned in the previous sessions, there is not much difference in the control intensity 
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nor the timeline. So, this chapter is to explore other factors that lead to different pollutant 
results in these two regions. The questions to be answered are: 

1. Why does PM2.5 in different cities behave differently under similar control ac-
tions?  

2. Why does PM2.5 and NOx react differently under same control actions in the same 
cities?  

In the first session, it was mentioned that there are factors affecting local pollution 
like traffic and industry happened locally. In addition to local pollution emissions, the 
other two factors are also very important: the migration of surrounding pollutants, and 
the meteorological conditions affecting the dissipation of pollutants. Literature [15] 
pointed out that for Beijing, the migration of pollutants is mainly affected by wind speed 
and wind direction. Therefore, the migration of horizontal pollutants was studied. The 
migration of vertical pollutants can be regarded as the dissipation process of pollutants, 
which does not affect the research results. In this study it is hypothesized that the hori-
zontal migration of surface pollutants is mainly driven by convection, while diffusion is 
relatively weak. Additionally, this paper assumes that the resolution of the hourly 
weather data is fine enough for the data to be considered as approximately static during 
this time interval. 

According to the previous sessions, the scope of our research on pollution in Beijing 
is included in the rectangle area formed by (115.625° E, 39.5° N) and (116.875° E, 40.5° N). 
The rectangle area is divided by three horizontal and three vertical lines, in total nine data 
points (Figure 1). We use the 8 boundary points outlay the region of interest. The east-
west distance is set as x direction and north-south distance as y direction. The interested 
study scope is set as the atmosphere above the area as a rectangular parallelepiped ex-
tending from the ground to a height h. the pollutants entering and leaving the cuboid is 
considered. The sum of the pollutant fluxes on the four sides of the rectangle is therefore 
the net import rate of air pollutants from neighbourhood to Beijing.  

According to the data by the NASA database (Table 1), the direction of the wind is 
classified into two categories: east-west direction (indicated by U) and north-south direc-
tion (indicated by V), with east and north as positive directions respectively. Therefore, 

𝑃𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡 𝑁𝑒𝑡 𝐼𝑚𝑝𝑜𝑟𝑡  𝑅𝑎𝑡𝑒 =

= 𝑇ℎ𝑒 𝑛𝑒𝑡 𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡𝑠 𝑚𝑖𝑔𝑟𝑎𝑡𝑒𝑑 𝑖𝑛 𝑓𝑟𝑜𝑚 𝐸𝑎𝑠𝑡/𝑊𝑒𝑠𝑡 𝑏𝑜𝑢𝑛𝑑𝑎𝑟𝑖𝑒𝑠 

+ 𝑡ℎ𝑒 𝑛𝑒𝑡 𝑝𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡𝑠 𝑚𝑖𝑔𝑟𝑎𝑡𝑒𝑑 𝑖𝑛 𝑓𝑟𝑜𝑚 𝑁𝑜𝑟𝑡ℎ/𝑆𝑜𝑢𝑡ℎ 𝑏𝑜𝑢𝑛𝑑𝑎𝑟𝑖𝑒𝑠 
As shown in Figure 8 

 
Figure 8. Atmospheric Pollutant Migration Model. 
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Substituting the dimension and wind velocity variables: 

𝑇𝑏 =
𝑈𝑤𝐶𝑤𝑦ℎ − 𝑈𝑒𝐶𝑒𝑦ℎ + 𝑉𝑠𝐶𝑠𝑥ℎ − 𝑉𝑛𝐶𝑛𝑥ℎ

𝑥𝑦ℎ
=

𝑈𝑤𝐶𝑤 − 𝑈𝑒𝐶𝑒

𝑥
+

𝑉𝑠𝐶𝑠 − 𝑉𝑛𝐶𝑛

𝑦
 

where： 
𝑇𝑏：pollutants net input rate to Beijing，𝑘𝑔 𝑚3𝑠⁄  
𝑈𝑤, 𝑈𝑒：Eastward wind speed on the west and east boundaries，𝑚/𝑠 
𝑉𝑠, 𝑉𝑛：Northward wind speed on the south and north boundaries，𝑚/𝑠 
𝐶𝑤, 𝐶𝑒, 𝐶𝑠, 𝐶𝑛：Pollutants Concentration on the four boundaries，𝑘𝑔/𝑚ଷ 
𝑥, 𝑦：east-west distance, north-south distance，𝑚 
Using this formula, the net input of external pollutants into Beijing is calculated. 

Since there are three data points on each boundary, a three-point weighted average 
method is adopted to represent its average, for example, at the western boundary: 

𝑈𝑤
തതതത =

൫𝑈𝑤,1 + 2𝑈𝑤,2 + 𝑈𝑤൯

4
 

 
The rest can be deduced similarly. 
Figure 9 shows the changes over time of Beijing's PM2.5 (net input rate) in 2020. In 

order to better represent the trend, the data in the figure uses a 24-h moving average 
smoothing process. From the figure, it is seen that the net input of PM2.5 in Beijing is 
positive for most of the year. This shows that Beijing is a net importer of PM2.5. At the 
same time, it is seen that the local PM2.5 pollution level in Beijing has a strong positive 
correlation with the input rate, especially in the first six months. 

 
Figure 9. Beijing's PM2.5 net input rate and PM2.5 concentration changes from January to July 2020. 

The epidemic control actions taken during the epidemic in the surrounding areas of 
Beijing including Hebei Province and Tianjin city were roughly like those of Beijing in 
terms of intensity and time. The decline in human activities in the surrounding areas 
should have a roughly similar trend to that of Beijing. Hence, the tertiary industry and 
traffic pollution in the neighborhood of Beijing caused by the epidemic was roughly like 
the local trends in Beijing. However, what makes differences is the impact of the epidemic 
control action on heavy industries, since Beijing has few local heavy industries.  The ma-
jor neighbor, Hebei Province, however, is one of the major bases  of China's heavy indus-
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tries, especially for the steel industry, which accounts for nearly half of the province's in-
dustrial pollutant emissions [16]. So, steel production in Hebei Province could represent 
the increase or decrease of industrial pollution in the surrounding areas during the epi-
demic period. Table 6 lists the year-on-year growth rates of major steel products in Hebei 
Province during the epidemic period [17]. It is noticed that during the epidemic, the 
productivity of major steel products did not decline. On the contrary, there was a slight 
increase. This shows that the major industrial pollution sources around Beijing during the 
epidemic were less affected by the epidemic. 

Table 6. the year-on-year growth rate of steel production in Hebei Province from January to July 
2020. 

Year-on-Year 
Output Increase (%) 

Januay-
February 

March April May June July 

Pig iron 5.3 4.8 2.2 2.4 3.1 6 
Crude steel 3.7 0.2 −2 −1.8 −1.2 2 

Steel 0.1 1.9 1.8 2.7 4.3 6 

Therefore, a reasonable explanation for the fact that Beijing’s PM2.5 pollution situa-
tion did not decline during the epidemic is that the source of PM2.5 in Beijing mainly 
comes from the input of surrounding industrial pollution. And the impact of the epidemic 
control actions on the surrounding major industrial pollution sources is far lower than its 
impact on human activities. Hence Beijing has not experienced a significant reduction in 
PM2.5 pollution. 

At the same time, using the data on wind speed, cloud coverage, precipitation, and 
other data in the from NASA database (Table 1), a corresponding analysis of the impact 
of meteorological conditions on the spread of pollution in Beijing is made. Literature [18] 
puts forward a national standard in which the concept of atmospheric self-purification 
ability index is defined. This index classifies the atmospheric self-purification ability into 
6 grades corresponding to weather conditions’ ability to dissipate and remove pollutants. 
The specific classification criteria are shown in Table 7. 

Table 7. Classification of air pollutant self-purification capacity. 

Grade Atmospheric Self-Purification 
Capacity Index 

Description 

Grade One A > 30.0 
Very beneficial to the removal of 
atmospheric pollutants 

Grade Two 30.0 ≥ A > 12.0 
beneficial to the removal of atmospheric 
pollutants 

Grade Three 12.0 ≥ A > 7.0 The removal effect on atmospheric 
pollutants is not obvious 

Grade Four 7.0 ≥ A > 5.0 It is not very conducive to the removal 
of atmospheric pollutants 

Grade Five 5.0 ≥ A > 3.0 
It is not conducive to the removal of 
atmospheric pollutants 

Grad Six A ≤ 3.0 
It is very detrimental to the removal of 
atmospheric pollutants 

Based on the methods provided by the above standard, this study calculated the his-
torical atmospheric self-purification index of Beijing. The data comparison between the 
mean value of the past 5 years and 2020 is shown in Figure 10. 
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Figure 10. Beijing’s atmospheric self-purification ability index, year 2020 vs. same period average across 2015 to 2019. 

In the early stage of the epidemic (from late January to early mid-February), the me-
teorological conditions were extremely unfavourable for the pollutants to spread out com-
pared with the same period in history, when the periods coincided with two consecutive 
control periods. This corresponds to the two obvious peaks (peak I and peak II) of Beijing's 
PM2.5 (Figure 3) at the beginning of the year compared with the same period in history. 
This directly led to the abnormal behaviour of Beijing's PM2.5 and SO2 pollution not fall-
ing but rising at the beginning of the epidemic. 

Regarding changes with NO2, it is difficult to find continuous ground data with suf-
ficiently high time resolution. Therefore, this study did not analyse the peripheral migra-
tion of NO2. However, as pointed out in [15], the stability of NO2 in the air is low. NO2 is 
highly unlikely participate the large-scale migration which lasts days. The previous com-
parison results show that the changes in Beijing's NO2 pollution under the influence of the 
epidemic are significantly different from the performance of PM2.5 and SO2. The signifi-
cant reduction in NO2 during the epidemic indicates that the NO2 emissions sources in 
Beijing are mainly those easily affected by local people’s activity, such as transportation 
traffic and the tertiary industries. Given that nitrogen oxides mainly come from the com-
bustion process, including industrial boilers, power plants, and transportation, it can be 
reasonably inferred that Beijing’s NO2 emissions mainly come from transportation, rather 
than (at least not entirely) the impact of surrounding industries. 

Same algorithm is used to analyse the amount of PM2.5 migration in Wuhan, and the 
results are shown in Figure 11. It shows that Wuhan is significantly different from Beijing 
in terms of pollutant migration. The import and export of PM2.5 in Wuhan are roughly 
balanced, with a slightly net annual export, rather than being a typical pollutant import 
city like Beijing. 
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Figure 11. Analysis of PM2.5 migration rate around Wuhan during the epidemic. 

Therefore, the local PM2.5 emission sources in Wuhan have a greater impact on local 
pollution comparing to the PM2.5 migration from neighbourhood. The main heavy indus-
tries in Wuhan include iron and steel, metallurgy, shipbuilding, and automobiles. The 
steel industry is not affected by the epidemic control actions due to its industry character-
istics, but the shipbuilding and automobile industries are more vulnerable to the epidemic 
control and production declines. It can be reasonably inferred that during the epidemic 
period, some local industries in Wuhan reduced or stopped production, resulting in a 
slight decrease in PM2.5 in Wuhan, which is different from that in Beijing. 

Because Wuhan was the earliest place where the epidemic was discovered and under 
the strictest controls during the entire epidemic, the suppression of human activities, in-
cluding transportation, can be inferred to be much stronger than other cities. This is man-
ifested in the substantial reduction of its NO2 pollution, especially in the early stage of the 
epidemic:  During the city's first-level response period, its pollution volume dropped by 
an astonishing 48% (overall 40% reduction for the whole period). 

Therefore, from the above analysis, explanations can be given to the two questions 
we asked. 

For question 1, the reason why PM2.5 behaves differently in Beijing and Wuhan is 
that other than local emissions, global migration of pollutant affects Beijing much more 
than Wuhan. The meteorological condition of Beijing makes it vulnerable to pollutant im-
ports and the emission sources in the neighbourhood of Beijing significantly take control 
of Beijing’s pollutions. Such sources happen to be heavy industries which are much less 
affected by the epidemic control. While Wuhan is more of a local-emission-controlled city 
which is more affected by local control actions. 

For question 2, the reason why PM2.5 and NOx behave differently even under same 
control actions is that their main sources of emission are different. PM2.5 is more of an 
industrial pollutant which is less affected by the epidemic control actions; while NOx is 
more of a municipal pollutant coming from transportation traffics and tertiary industries 
which is easily affected by the human activity suppression by the epidemic control poli-
cies. 

5. Conclusions 
During the epidemic, the pollution of PM2.5 in Beijing did not decrease significantly. 

On the contrary, there was a significant increase at the end of January and the beginning 
of February, while NO2 decreased significantly. Wuhan City’s PM2.5 experienced a slight 
drop during the epidemic control period, and NO2 dropped significantly. 
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1. The analysis of the migration of pollutants in the surrounding areas shows that as far 
as PM2.5 is concerned, Beijing is a net importing city. So, its pollution is greatly af-
fected by the surrounding areas. During the epidemic, surrounding heavy industries 
were not affected as much as transportation and tertiary industries. Many nearby 
large heavy industries did not stop production during the epidemic. Since a lot of 
PM2.5 came from these large heavy industries, Beijing PM2.5 has not changed much. 
At the same time, the abnormally low atmospheric self-purification capacity in Janu-
ary and February in 2020 also attributed to the adverse effects of the meteorological 
conditions at that time. 

2. The significant decrease in Beijing's NO2 pollution during the epidemic control pe-
riod indicates that the NO2 pollution in this place is significantly affected by local 
non-industrial emissions. 

3. Pollutant migration analysis showed that Wuhan is a slightly net exporter of PM2.5. 
In addition, Wuhan is a heavy industrial city with many local industrial pollution 
sources. Therefore, the slight decrease in PM2.5 in Wuhan during the epidemic indi-
cates that its pollution situation was mainly driven by local industrial emissions. Af-
fected by the epidemic controls, personnel are not allowed to go out to manufactories 
which led to shutdowns of some factories. Hence the epidemic controls reduced 
PM2.5 emissions. 

4. The sharp drop in NO2 in Wuhan can be attributed to the sharp drop in traffic and 
tertiary industry activities during the epidemic. 
In general, it can be concluded that  in cities similar as Beijing and Wuhan, the source 

of PM2.5 are mainly industrial, while that of NOx are mainly municipal and tertiary in-
dustries. In addition, global migration of PM2.5 can be a major factor air pollution for 
importer cities like Beijing, which can yield more significant effects than local factors. 

Through the analysis of this study, we suggest that the pollution control of Beijing, 
especially PM2.5, should not be limited to the local area, but should start with the sur-
rounding areas-mainly including the Beijing-Tianjin-Hebei region-linkage. On the other 
hand, NO2 control should be locally focused on management of traffic vehicles within this 
city. As for a heavy industrial city like Wuhan, it should pay more attention to local pol-
lution control, whether it is PM2.5 or NOx. Both industrial control and traffic control are 
important. 

Through the foregoing discussion, by calculations using NASA satellite data , both 
meteorological conditions and pollutant migration are highly correlated with the degree 
of pollution. Therefore such calculations can effectively forecast the future air quality. This 
shows the effectiveness of the satellite monitoring system. Therefore, based on the existing 
ground monitoring, we can strengthen the satellite real-time monitoring methods. Com-
bined with effective predictive models, according actions can be taken in advance before 
the arrival of heavy pollution, such as restricting the number of cars on road. This early 
warning mechanism will more effectively relieve pollution pressure. 

In addition, this paper finds that the above model data based on satellite monitoring 
can effectively analyse the net migration of pollutants and locate the main pollution out-
put locations. Using this method combined with large-scale data analysis can effectively 
determine the main output source of pollutants, to accurately locate and control the pol-
lution source. 
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