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ABSTRACT 
 

The COVID-19 pandemic has affected air quality due to extreme changes in human behavior. 
We assessed the air quality response to different emergency levels during different COVID-19 
periods and the naught period in the Guangdong-Hong Kong-Macao Greater Bay Area (GBA). We 
obtained the following conclusions: (1) The measures implemented to prevent and control of 
COVID-19 directly impacted ambient air pollutants. The air quality index and the concentrations 
of NO2, PM2.5, PM10, and CO in the GBA for 1–19 January 2020 declined 19.4%, 16.7%, 27.5%, 
15.8%, and 25.7%, respectively, compared to the same time period in 2016–2019. (2) The 
reduction in air pollution was strongly associated with the first-level emergency response during 
this pandemic. The AQI, NO2, PM2.5, PM10, O3, and CO in the GBA decreased by 37.4%, 47.0%, 
40.5%, 44.8%, 6.7%, and 24.1%, respectively. We found no statistically significant difference in 
the concentrations of different pollutants, except for NO2, during the second- and third-level 
responses. (3) The higher the emergency response level, the greater the NO2 pollutants reduction. 
The NO2 concentration was reduced by 47.0%, 25.5%, and 12.1% at emergency response levels 1, 
2, and 3, respectively. The results highlight the importance of understanding the role of emergency 
response in air quality, and provide reference for authorities to formulate more scientific and 
reasonable emergency responses to epidemic prevention and control. 
 
Keywords: COVID-19, Pandemic, Emergency response, Air pollution, Guangdong-Hong Kong-
Macao Greater Bay Area (GBA) 
 

1 INTRODUCTION 
 

Beginning in December 2019, the world was overwhelmed by an outbreak of the coronavirus 
disease 2019 (COVID-19). As of 4 October 2020, there have been nearly 35 million confirmed 
cases of COVID-19 in more than 230 countries, territories, or area, including more than 10 million 
deaths (WHO, 2020). As an infectious respiratory illness, the symptoms of the COVID-19 include 
cough, fever, and shortness of breath (WHO, 2020). There is currently no vaccine to prevent 
COVID-19 infection and the virus is very contagious. In addition, the death rate is fairly high in 
sensitive populations. At present, the disease is not under control. The best method to prevent 
infection is to avoid exposure to this virus. To curb the dispersal of the disease from its source, a 
range of administration intervention and prevention actions, including lockdown, quarantines, 
travel restrictions, temporary closures of businesses and facilities, and social distancing, have 
since been implemented, which have been proven to be effective response measures in many 
countries (Berman and Ebisu, 2020; Muhammad et al., 2020; U.S. EPA, 2020). The COVID-19 
pandemic has substantially affected human society, including health care facilities, economic 
structures, social relationships, and the environment (Bao and Zhang, 2020; Berman and Ebisu, 
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2020; Tian et al., 2020; Venter et al., 2020). 
Many studies have focused on the effects of COVID-19 pandemic on the environment. A significant 

decline (reduction of 12.0%–52.8%) in air pollution was observed in mainland, central, eastern, 
western, and northern China when the administrative response was implemented to fight the 
COVID-19 pandemic (Bao and Zhang, 2020; Chen et al., 2020; Filonchyk et al., 2020; Wan et al., 2020; 
Xu et al., 2020; Zhang et al., 2020a; Zhang et al., 2020b). Similar reductions have been observed 
in other regions of the world. A 30% drop in air pollution was recorded over the northeast U.S. 
(NASA, 2020). The European Environment Agency found a similar large drop in air pollution across 
European cities (EEA, 2020). The nitrogen dioxide (NO2) in Bergamo, Italy, and Barcelona, Spain, 
on 16–22 March 2020 declined 47% and 55%, respectively, compared to the same dates in 2019. 
The NO2 in the U.S. declined 25.5% during the COVID-19 period (Berman and Ebisu, 2020). Nearly 
50% decreases in NO2, particulate matter (PM10, and PM2.5) concentrations were observed in the 
four metropolitan cities of India during COVID-19 Pandemic Lockdown (Bedi et al., 2020). It was 
confirmed that the reduction of air pollution was mainly associated with decrease in economic growth 
and travel restrictions during this pandemic (Bao and Zhang, 2020; Filonchyk et al., 2020).  

However, studies on the effects of the emergency response levels on air pollution are lacking. 
The exogenous shock of the epidemic allowed us to assess the effects of emergency responses 
on air pollution. We hypothesized that apparent changes in the air quality index (AQI) and air 
pollutant concentrations during the COVID-19 pandemic would correspond with different 
response levels, which were determined by different levels of administrative restrictions. This 
paper has four sections: Section 2 introduces the materials and data source. Section 3 provides 
the results and discussion, and the paper is concluded in Section 4. 
 

2 METHODS 
 

2.1 Study Area 
The Guangdong-Hong Kong-Macao Greater Bay Area (GBA) consists of two special administrative 

regions, Hong Kong and Macao, and nine cities in Guangdong province: Guangzhou, Shenzhen, 
Zhuhai, Foshan, Huizhou, Dongguan, Zhongshan, Jiangmen, and Zhaoqing (Fig. 1). It is the 4th 
largest bay area in the world after the New York Bay Area, San Francisco Bay Area, and Tokyo Bay 
Area. In 2017, the population of the GBA approached 70 million, and its GDP reached 10 trillion 
yuan (about USD 1.5 trillion), accounting for 12.2% of the Chinese national GDP (OGBADPLT, 2019). 
We focused our analysis on these nine cities in GBA because Guangdong Province government 
implemented the same emergency responses in these nine cities during the same time frame. 
 

2.2 Data and Methods 
The government broadcasted air quality index (AQI) and NO2, PM2.5 and PM10, sulfur dioxide 

(SO2), carbon monoxide (CO), and ozone (O3), which are commonly used to assess air quality (Xiao 
et al., 2018; Bao and Zhang, 2020). In this study, hourly air pollution data between 1 January and 
31 May 2020 were collected from the real-time monitoring data system of the Ministry of Ecology 
and Environment (MEE) (http://datacenter.mee.gov.cn/). The air quality data in the system 
include AQI, NO2, PM2.5, PM10, SO2, O3, and CO. Matched pollution data from 2016 to 2019 were 
acquired from the National Urban Air Quality Publishing Platform of the China National 
Environmental Monitoring Centre (CNEMC) (http://106.37.208.233:20035/). 

City-level weather conditions data including daily maximum and minimum temperatures, daily 
maximum wind and gust speeds, and records of rain and snowfall were downloaded online 
https://freemeteo.cn/weather (Bao and Zhang, 2020).  

The public health emergency response policies from Guangdong government were obtained 
from the website of the Health Commission of Guangdong Province (http://wsjkw.gd.gov.cn). The 
first COVID-19 case in Guangdong province was reported on 19 January 2020 by the National 
Health Commission (NHC). To control the COVID-19 pandemic, Guangdong province activated the 
Level 1 public health emergency response on 23 January 2020. On 9:00 a.m. on 24 February 2020, 
the emergency response level was lowered from Level 1 to Level 2 and the control measures 
were adjusted accordingly. The public health emergency response level was lowered to Level 3 
as of 9 May 2020.  
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Fig. 1. Study area. 

 

The collected data were organized into two groups: the 2020 data were considered “current” 
data, and data from 2016 to 2019 were considered “historical” data. Each group was subdivided 
into four subgroups based on the emergency response levels: the non-COVID-19 period and three 
different response levels periods under COVID-19. The non-emergency period was chosen from 
1 to 19 January 2020. The three days’ data from 20 to 22 January were removed to reduce the 
impact of the first reported case on resident life patterns. The timeframes of the different 
response levels are listed in Table 1.  

Daily averages (i.e., arithmetic mean of a 24 h monitoring value on a natural day) and moving 
averages were calculated for these meteorological and air quality data for further analysis and 
comparison. Student's t-test was used for comparing the variables before and after the pandemic. 

 

3 RESULTS AND DISCUSSION 
 

3.1 Difference between Different Scenarios 
When combining all the data from those nine cities, we found that, except for CO, the AQI and 

pollutant levels were significantly different before and after the emergency response policy 
implementation (p < 0.05; Table 2), indicating that the social restriction policy applied due to 
COVID-19 directly impacted pollutants. As long as response measures (regardless of level) are 
taken, the concentrations of pollutants are affected. However, among the different levels of 
emergency response, only NO2 concentration showed significant differences for all levels. The  

https://doi.org/10.4209/aaqr.200226
https://aaqr.org/


ORIGINAL RESEARCH 
Special Issue on COVID-19 Aerosol Drivers, Impacts and Mitigation (X) https://doi.org/10.4209/aaqr.2020.07.0416 

Aerosol and Air Quality Research | https://aaqr.org 4 of 9 Volume 21 | Issue 2 | 200146 

Table 1. The timeframes of each emergency response levels in Guangdong province for GBA. 

Groups Naught Level 1 Level 2 Level 3 

Historical (2016–2019) Same Period Same Period Same Period Same Period 
Current (2020) Jan. 01–Jan. 19 Jan. 23–Feb. 23 Feb. 24–May 08 May 09–present* 
Total days (N) 19 32 74 23 

* The end time was set to May 31 2020. 

 

Table 2. The significant levels (α = 0.05) between different scenes using student t-tests. 

Scenes AQI NO2 PM2.5 PM10 O3 CO 

COVID-19 VS Non 0.00 4.44E-16 0.00 0.00 0.00 1.00 
Level 1 VS Non 0.003 1.36E-13 1.54E-08 3.04E-11 1.22E-12 0.29 
Level 2 VS Non 2.19E-09 1.87E-11 4.32E-13 4.15E-09 0.00 0.89 
Level 3 VS Non 1.0E-05 0.02 2.00E-5 1.2E-4 9.3E-3 0.13 
Level 1 VS Level 2 0.14 0.00 0.87 1.6E-4 0.55 0.14 
Level 1 VS Level 3 0.97 5.00E-5 0.07 0.27 0.82 1.88E-05 
Level 2 VS Level 3 0.16 0.04942 0.04 0.07 0.45 0.02 

 

concentrations of pollutants under different emergency response levels were significantly 
different from historical levels prior to the pandemic. 
 

3.2 Effect of COVID-19 on Air Quality 
In Table 3, we illustrate differences in AQI, PM2.5, PM10, SO2, NO2, O3, and CO between current 

and historical periods in the GBA. The values of AQI, NO2, PM2.5, PM10, and CO from 1–19 January 
2020 declined 19.4%, 17.0%, 27.5%, 15.8%, and 25.7%, respectively, compared with the same 
time periods in 2016–2019. The trends are consistent with the results in other regions in China 
(Bao and Zhang, 2020; Chen et al., 2020; Filonchyk et al., 2020; Wan et al., 2020; Xu et al., 2020; 
Zhang et al., 2020a; Zhang et al., 2020b). Different time periods of analysis contribute to the 
differences of our results from those of other studies.  

The main cause of air quality changes is the “Three-Year Action Plan to win the Blue Sky 
Defense War” implemented by the State Council of China in 2018. The Action Plan goals are to  
drastically reduce the total emissions of the major air pollutants, along with greenhouse gas 
emissions, further reducing the concentrations of fine particulate matter (PM2.5), significantly 
reducing the number of days of heavy pollution, and improving air quality.  

However, the concentrations of O3 in 2020 have been higher than the historical concentrations. 
The averages during the no-response periods (“Naught” in Table 3) increased by 26.7% in 2020. 
The higher O3 concentrations observed in this study agree with those reported in earlier studies 
on mainland China (Chen et al., 2020), Europe (Sicard et al., 2020), and India (Bedi et al., 2020). 
This finding is mainly due to the particularity and complexity of the mechanisms of ozone 
formation and depletion. Ozone is formed by a photochemical reaction between nitrogen oxides 
and volatile organic compounds (VOCs) emitted from natural sources and/or human activities 
(Pyrgou et al., 2018). Certain meteorological conditions such as high temperature, low relative 
humidity, and high solar radiation are favorable for ozone formation (Lee et al., 2014; Pawalak 
and Jarosławski, 2015; Li et al., 2019; Bedi et al., 2020; Tan et al., 2020). The average temperature 
from 1–19 January 2020 in GBA was 3°C higher than the matched historical value, while the 
precipitation was 4 mm less. More clear days and lower particulate matter concentrations 
allowed the passage of more sunlight. Higher temperature and stronger illumination, along with 
increasing photochemical activities, contribute to higher ozone concentrations. 
 

3.3 Effect of Emergency Response on Air Quality 
The reduction in air pollution was strongly associated with the first level emergency response 

policy implementation during this pandemic. On average, the AQI decreased by 37.4%, and the 
five air pollutant concentrations—NO2, PM2.5, PM10, O3, and CO—reduced by 47.0%, 40.5%, 
44.8%, 6.7%, and 24.1%, respectively.  
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Table 3. Difference and change (%) of air pollutants during current and historical for daily means 
of AQI, NO2 (µg m–3), PM2.5 (µg m–3), PM10 (µg m–3), O3 (µg m–3) and CO (mg m–3) and weather 
conditions. 

Air pollutions or weather 
conditions 

Historical Mean 
(S.D.) 

Current Mean 
(S.D.) 

Difference Change (%) 

AQI     
Naught 67.2(11.5) 54.1(14.1) –13.1 –19.4 
Level 1 53.9(10.7) 33.8(13.9) –20.1 –37.4 
Level 2 51.4 (9.38) 38.9(14.2) –12.5 –24.4 
Level 3 47.2(7.63) 34.4(8.89) –12.8 –27.1 

NO2 (µg m–3)     
Naught 50.4(6.45) 41.8 (9.79) –8.6 –17.0 
Level 1 31.6(6.49) 16.8(6.41) –14.9 –47.0 
Level 2 37.6(7.11) 28.0(8.92) –9.6 –25.5 
Level 3 27.3(4.01) 24.0(5.21) –3.3 –12.1 

PM2.5 (µg m–3)     
Naught 46.7(9.26) 33.9(10.94) –12.82 –27.5 
Level 1 36.6(8.10) 21.8(10.34) –14.81 –40.5 
Level 2 31.8(6.84) 21.5(8.95) –10.34 –32.5 

PM10 (µg m–3)     
Naught 68.9(12.3) 58.0(14.9) –10.9 –15.8 
Level 1 52.6(11.2) 29.1(12.7) –23.6 –44.8 
Level 2 52.2(10.8) 38.8(15.1) –13.4 –25.6 
Level 3 43.0(6.84) 32.7(9.12) –10.3 –24.1 

O3 (µg m–3)     
Naught 85.2(14.1) 108(28.6) 22.7 26.6 
Level 1 94.9(17.6) 88.5(29.7) –6.4 –6.72 
Level 2 101(25.3) 102(46.4) 0.8 0.83 
Level 3 138(17.3) 127(29.2) –11.1 –8.08 

CO (mg m–3)     
Naught 1.1(0.06) 0.84(0.13) –0.3 –25.7 
Level 1 0.8(0.08) 0.64(0.10) –0.2 –24.1 
Level 2 0.8(0.09) 0.62(0.11) –0.2 –23.2 
Level 3 0.7(0.06) 0.64(0.10) –0.1 –9.86 

Temperature (°C)     
Naught 19.5(0.69) 23.4(1.05) 3.9 20.0 
Level 1 19.6(0.60) 21.0(0.88) 1.5 7.46 
Level 2 24.3(0.57) 25.7(0.91) 1.4 5.66 
Level 3 29.6(0.83) 31.3(0.82) 1.7 5.59 

Wind (m s–1)     
Naught 5.65(0.75) 5.40(0.73) –0.3 –1.28 
Level 1 6.32(0.89) 5.87(0.91) –0.4 –1.90 
Level 2 5.68(0.81) 5.68(0.82) –0.0 –0.02 
Level 3 5.87(1.20) 6.07(1.17) –0.2 0.90 

Precipitation (mm)     
Naught 4.3(1.04) 0.2(0.15) –4.1 –94.9 
Level 1 4.7(1.98) 3.7(0.92) –1.6 –21.7 
Level 2 7.6(1.40) 2.7(1.32) –4.9 –64.3 
Level 3 13.3(2.06) 7.6(4.94) –5.7 –42.7 

 

The average wind speed from 23 January–24 February 2020 was 0.44 m s–1 lower than the 
matched period record and the average precipitation was 1.6 mm lower. The low wind speed and 
light precipitation do not help with the diffusion and wet deposition of pollution. Under the same 
meteorological conditions as in the historical records, the improvement of air quality of each 
response level was expected to be more obvious than in current situation. Improvements in air 
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quality will reduce the spread of the COVID-19 infection and play a positive role in the prevention 
and control of the epidemic (Wang et al., 2020; Zhu et al, 2020). 

The first level emergency response was ordered and implemented by the State Council, and 
the provincial governments organized and coordinated the provincial emergency response under 
unified leadership and command. The intervention and prevention actions included travel restrictions, 
restricting gathering activities of people in markets and public areas, temporary closures of 
businesses and facilities, and lockdown. The AQI, NO2, PM2.5, PM10, and CO in northern China 
decreased by 7.80%, 24.7%, 5.93%, 13.7%, and 4.58%, respectively, due to the implementation of 
travel restrictions only (Bao and Zhang, 2020). The results in this study show that the air environment 
in these nine cities in the GBA was more easily affected by this policy than that in northern China.  

During the second- and third-level response periods, AQI, PM2.5, and PM10 pollutants were 
32.5%–9.86% lower than the historical average of the same period, with an average reduction of 
24.7%. However, the differences were not statistically significant except for NO2 during level 2 
and 3 responses. The differences in the reduction rates of AQI, PM2.5, and PM10 between level 2 
and 3 periods were only 2.74% (from 24.4% to 27.1%), –1.51% (from 32.5% to 31.0%), and –1.53% 
(from 25.6% to 24.1%), respectively (Table 3). 

The second level response was deployed by the provincial government, whereas the third level 
response plan was designed by the city and county governments. As of 24 February, the response 
to the public health emergency in Guangdong province was lowed to level 2, which meant all 
business could scientifically and reasonably reopen, and production and living order could be 
resumed, but gathering and collective activities were reduced. 

NO2 is the most sensitive pollutant species amongst those included in our investigation 
(Fig. 2(b)). The higher the emergency response level, the higher the observed NO2 reduction. The 
NO2 concentration was reduced by 47.0%, 25.5%, and 12.1% at levels 1, 2, and 3, respectively, 
and all differences are significant. In the ambient environment, the sources of NO2 mainly include 
fuel combustion, automobile exhaust, and industrial production process. With the relaxing of 
emergency response restrictions and the restoration of normal production and living order, NO2 
increased again. 

The CO concentration showed a downward trend during the period of epidemic prevention 
and control, similar to that of the CO trend in the same period in previous years. During the period 
of epidemic prevention and control, the CO concentration decreased by 24.1%–9.86% due to the 
emergency response policies contributing to the reduction of human activities. The CO concentration 
decreased by 24.1% and 23.2% at levels 1 and 2, respectively, but the differences are not 
significant (Fig. 2(f)). 

The source of CO in the atmosphere is mainly the incomplete combustion of fossil fuels and 
biofuels. During the epidemic control period, the CO emitted by civil boilers and power stations 
was significantly affected (Wan et al., 2020). During the first-level response period after the 
outbreak of the epidemic, severe strict restrictions were imposed in Guangdong province. The 
CO emissions from industrial and traffic activities decreased significantly, while the CO emission 
from the daily life sector remained steady. China was in the Spring Festival holidays at that time. 
The festival involves traditional customs such as setting off fireworks and firecrackers and 
burning sacrifices. The response policy mainly restricted industrial and traffic activities, but did 
not restrict firework and burning activities. The reduction of CO was not very obvious during the 
third-level response period, which was mainly due to the work and production resuming along 
with restoration of daily activities. 
 

4 CONCLUSIONS 
 

An unprecedented lockdown in response to the COVID-19 pandemic brought almost all 
activities to a standstill in China. To slow or stop the spread of COVID-19, Guangdong province 
implemented different public health emergency response levels. The exogenous shock enabled 
us to assess the effects of these emergency responses on air pollution. Our analysis focused on 
the air quality changes as a result of different emergency response levels. By investigating the 
associations between the air pollution data, the emergency responses levels, and meteorological 
conditions, we obtained the following conclusions: 
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Fig. 2. The time series of (a) air quality index (AQI), (b) NO2, (c) PM2.5, (d) PM10, (e) O3, and (f) CO 
during different emergency response levels. 

 

1. The measures implemented to prevent and control COVID-19 directly impacted ambient air 
pollutants. The AQI and the concentrations of NO2, PM2.5, PM10, and CO in the GBA from 1–
19 January 2020 declined 19.4%, 17.0%, 27.5%, 15.8%, and 25.7%, respectively, compared to 
the same time period in 2016–2019. The anthropogenic emissions were reduced due to 
these measures, and a significant decrease in pollutant concentrations compared with the 
same period in previous years was observed.  

2. The reduction in air pollution was strongly associated with the first-level emergency 
response during this pandemic. The AQI, NO2, PM2.5, PM10, O3, and CO in the GBA decreased 
by 37.4%, 47.0%, 40.5%, 44.8%, 6.72%, and 24.1%, respectively. During the first-level 
emergency response period, most of the enterprises shut down, businesses and facilities 
were temporary closed, and travel was restricted, resulting in obvious declines of various 
pollutions. 

3. We found no statistically significant difference in the concentrations of different pollutants, 
except for NO2, during the second- and third-level responses. With regard to NO2, the higher 
the emergency response level, the greater the reduction in pollutants. The NO2 concentration 
was reduced by 47.0%, 25.5%, and 12.1% at emergency response levels 1, 2, and 3, 
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respectively. During the second- and third-level responses, the enterprises reopened, 
production restarted, and residents returned to their daily living activities. Anthropogenic 
pollutants gradually increased, which led to similar pollutant levels between the current year 
and the same period in previous years.  

From the results in this study, we provide the following suggestions for policy makers: 
1. To ensure both epidemic control and economic recovery, appropriate response levels can be 

adopted to deal with the epidemic according to the local situations. 
2. Air pollution in the GBA is severely affected by anthropogenic emissions. Human behavioral 

changes are promising measures to reduce anthropogenic emissions and improve the 
ambient air quality.  

Further studies are necessary for understanding the detailed associations among air pollution, 
emergency responses levels, and the meteorological conditions to help the policy maker 
formulate more scientific and reasonable strategies for air pollution control. 
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