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Abstract. This research paper focuses on the impact of COVID-19 lockdown on air pollutants 

and wildfires in various provinces of China. The study uses machine learning techniques to 

analyze the association between lockdown restrictions and the subsequent decline in air pollution 

emissions, which in turn led to a reduction in fire count (FC). The frequency and severity of 

wildfires have been rising in China, with major negative effects on the country's air quality. 

Globally unprecedented responses to the COVID-19 epidemic have included lockdowns and 

limitations on human activity. The purpose of this study is to evaluate how the COVID-19 

lockdown has affected air pollutants and wildfires in China. Specially, the focus is on the 

reduction in ozone (O3), nitrogen dioxide (NO2), and carbon monoxide (CO) levels in the air. 

Satellite images were used before and during the lockdown to gauge the impact. The observed 

reduction in NO2, O3 and CO concentrations during the COVID-19 lockdown demonstrate the 

potential advantages of taking action to reduce air pollution. The study tries to find connections 

between the incidence of wildfires and the subsequent emission of air pollutants using machine 

learning methods. The study creates maps showing the influence of lockdown restrictions on the 

levels of air pollutants and the number of fires by analyzing historical data on air pollution 

measurements. These findings highlight the significance of sustainable practices, environmental 

regulations and offer insightful information regarding the interaction between human activities, 

air pollutants and wildfires in China.  

Keywords. COVID-19, wildfires, air pollutants, machine learning 

1. Introduction 

The global pandemic of the coronavirus disease (COVID-19) has far-reaching and 

significant repercussions. The first case was reported to the World Health Organization (WHO) 

in December 2019 in the Wuhan area of Hubei Province, China [1-2]. A worldwide public 

health emergency results from its rapid global spread and serious effects [3-4]. Rapid increases 

in mortality and morbidity rates were accompanied by public health worries, which resulted in 

"lockdowns" where people's freedom to move around and economic activity was severely 

constrained to reduce the spread of the disease. Regional and worldwide economies were 

impacted by the restrictions on industry and transportation caused by the lockdown [5-6]. There 

have also been reports of decreased levels of noise, air, and water pollution, less waste 

production, and improved atmospheric visibility as a result of these lockdowns [7-8]. 
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With 91% of the world's population experiencing air pollution levels exceeding WHO 

air quality guideline thresholds, air pollution or air quality (AQ) is a critical environmental issue 

[9]. Due to media coverage of anecdotal data suggesting a general improvement in severely 

polluted areas, AQ attracted more public attention during the epidemic in various parts of the 

world. In fact, several studies have shown that major pollutants (PM2.5, CO, and NOx) have 

decreased at various places, whereas in certain situations, secondary pollutants like O3 have 

increased. It has been demonstrated that global rates and levels of decline vary by species and 

geographic area [10-12]. On regional scales, these stated changes were shown to be insignificant 

or to not have a consistent trend [13-14]. 

 

2. Study Area 

The study examined several provinces in China, including Hebei, Shanxi, Shandong, 

Gansu, Henan, Jiangsu, Shaanxi, Anhui, Hubei, Sichuan, Zhejiang, Jiangxi, Hunan, Guizhou, 

Fujian, Guangdong, and Guangxi. The research focused on the period from 1st January to 30th 

April, 2019, as the pre-lockdown period, and the same period in 2020, which represented the 

during lockdown period. 

China covers a vast surface area of 9,596,960 square kilometers. Within this area, 

approximately 56.1% is dedicated to agricultural land, while forests occupy around 23.3% of 

the total land area. Recent statistical data reveals that China encounters an average of 14,000 

wildfires each year. These wildfires, on average, cause damage at a rate of 0.685% annually. 

 
Figure 1: Geographical distribution of provinces [15] 

 

China is a major source of global air pollution due to its large population, variety of 

sensitive biodiversity, and fragile ecosystem. Due to the imposed limitation in Chinese 

industrial activity and people movement, regional lockdowns and restrictions have given 

researchers an unheard-of chance to study AQ. This is particularly significant in China since a 
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wide range of emission sources, both anthropogenic and natural, have an impact there. Crop 

residue burning, home heating and cooking, rubbish burning, vehicle emissions, industrial 

activity, and coal-based power generation are a few examples of anthropogenic sources. Forest 

fires, the recycling of mineral dust, sea salts, and natural emissions are some of the regional 

natural sources of emissions. 

This non-homogeneous restriction on sectors that pollute the air offers a chance to 

comprehend the sector-specific impact of various emission sources to the region's air quality 

across a range of scales from region to country to city. The effects of restricted activity on the 

economy did not spread evenly across all sectors, with intensive industries like transport being 

more negatively impacted than the residential sector. 

The lockdown caused a 10–31% GDP decline, or a loss of 30–921 billion dollars [16], 

mostly due to restrictions on the power, industry, and transportation sectors. Hence, presenting 

a chance to comprehend the potential of putting mitigation measures in place in these areas and 

its associated expenses. This study employed satellite imagery to classify and create maps, 

enabling a comprehensive analysis of air pollutant levels before and during the lockdown period 

across different provinces in China. The primary objective was to assess the impact of reduced 

emissions on air pollutants and examine how this reduction correlated with a decrease in the 

number of wildfires. By utilizing these maps, a clearer understanding of the relationship 

between emissions, air pollution, and fire occurrences was obtained. 

 

3. Materials and Methods 

In this study, we quantify the impact of COVID-19 and associated restriction on levels 

of gaseous pollutants over the selected China provinces domain using satellite imagery. The 

analysis period was 1st January-30th April 2019–1st and January-30th April 2020, which includes 

approximately 1 year of data prior to the implementation of COVID-19 restrictions and 4 

months of continuous data under more complete national lockdowns. Exact dates for lockdown 

implementation varied from province to province (see Table 1) [17]. To maintain consistency 

the period 1st January-30th April 2019 was selected as the pre-lockdown period, with the 1st 

January-30th April 2020 period was designated as the during lockdown period. Selected satellite 

data for 2020 in general and the study period in particular were compared with available data 

from 2000–2019. Most China provinces have limited ground-based observations of air 

pollutants. To overcome this, multiple satellite based remote sensing products were used. 

 

Table 1: List of lockdown implementation timeline in different provinces. 

Province COVID-19 Lockdown 

  Start date End date 

Hebei 2/7/2020 3/18/2020 

Shandong 2/3/2020 2/9/2020 

Gansu 2/7/2020 3/18/2020 

Henan 2/4/2020 4/10/2020 

Jiangsu 2/4/2020 2/8/2020 

Shaanxi 2/3/2020 2/9/2020 

Anhui 2/3/2020 3/18/2020 

Hubei 2/1/2020 3/22/2020 

Sichuan 2/5/2020 3/18/2020 
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Zhejiang 2/2/2020 2/8/2020 

Jiangxi 2/4/2020 3/31/2020 

Hebei 2/7/2020 3/18/2020 

Guizhou 2/7/2020 3/18/2020 

Guangdong 2/6/2020 3/18/2020 

 

3.1. Moderate Resolution Imaging Spectroradiometer (MODIS)  

The Terra and Aqua Satellite platforms were launched in 1999 and 2002, respectively, 

and placed into solar synchronous polar orbits. These satellites are equipped with MODIS 

multispectral instruments, which enable the continuous measurement of aerosols and clouds. In 

this study, we utilized the daily atmospheric pollutant data obtained from the Sentinel-5p 

satellite, specifically focusing on NO2, O3 and CO. Additionally, we collected daily fire data 

from MODIS for the periods of 1st January-30th April, 2019 and 1st January-30th April, 2020. 

The concentration data for NO2, O3 and CO were derived from the Sentinel-5 Precursor satellite 

(https://scihub.copernicus.eu/). The European Space Agency launched the Sentinel-5 Precursor 

satellite on October 13, 2017, with the primary purpose of monitoring air pollution. In this 

study, we utilized data from Sentinel-5 Precursor to track and analyze air pollution levels. 

Additionally, we incorporated MODIS active fire products to obtain information regarding the 

timing and geographical distribution of large-scale fires in the area [18-19]. 

 

3.2. TROPOspheric Monitoring Instrument (TROPOMI) 

The European Space Agency launched the TROPOMI spectrometer aboard the 

Sentinel-5 Precursor (S-5 P) mission. This single payload satellite operates in a sun-

synchronous orbit. TROPOMI is designed to capture data across various spectral ranges, 

including ultraviolet (UV), visible (VIS), near-infrared (NIR), and shortwave infrared (SWIR) 

[20]. The TROPOMI spectrometer provides daily global coverage, capturing data at a spatial 

resolution of 7 × 7 km2 and a swath width of 2600 km. To determine the total column density 

of carbon monoxide (CO), TROPOMI measures the Earth's radiance spectra within the 2.3 µm 

spectral range of the shortwave infrared (SWIR) region [21-22]. For this study, we utilized the 

Level 3, Offline (OFFL) CO dataset for the years 2019 and 2020. The dataset was obtained 

from the data catalog of the Google Earth Engine platform. It is important to note that the 

availability of the dataset was limited due to the age of the satellite used [23]. 

 

4. Results and Discussion 

4.1. Sources of pollution in China 

The rapid industrialization and urbanization that China has experienced in recent 

decades have resulted in increased energy consumption and intensified pollution levels. 

Additionally, the burning of fossil fuels, such as coal, for electricity generation and heating 

purposes, contributes significantly to air pollution. The presence of air pollution in China can 

be attributed to a diverse array of sources, both natural and human-related, which exhibit notable 

fluctuations across various timeframes. 

To assess the effects of COVID-19 restrictions on air pollutants, it is crucial to 

comprehend the prevailing emission scenarios within the study area. This study examines the 

remotely sensed data of FC as well as concentrations of three air pollutants (NO2, O3 and CO) 

during two time periods: 1st January to 30th April, 2019, and 1st January 1st to 30th April, 2020. 

50

Eximia Journal
Vol. 12, 47-57, August, 2023

ISSN: 2784-0735
www.eximiajournal.com

https://scihub.copernicus.eu/
https://techniumscience.com/index.php/socialsciences/index
https://techniumscience.com/index.php/socialsciences/index


 

 

 

 

 

 

Additionally, the correlation between FC and air pollutant concentration is investigated across 

various provinces in China. 

 

4.2. Impact of lockdown on air pollutants in China  

In this study, the impact of the lockdown on air pollutant levels is examined in two 

ways (a) a comparison is made between air pollutant levels during the lockdown period and 

those observed in the pre-lockdown period, (b) the correlation between FC and air pollutant 

concentrations. To conduct the analysis, available datasets for each pollutant from the years 

2019 and 2020 are utilized as the pre-lockdown reference data. 

 

4.3. Comparison of air pollutants between Pre and during lockdown period  

Fig. 2 (left panel) shows the pre-lockdown period (1st Janaury-30th April 2019) 

satellite-derived data of NO2, O3 and CO. because of better understating of the spatial 

distribution of the pollutants across China during this period (pre-lockdown period) was deemed 

necessary to examine the impact of lockdown imposed in 2020. The other data for the year 2020 

(Fig. 2, right panel) represents the air pollutants levels during the COVID-19 forced lockdown 

period (1st January-30th April 2020), and the difference between pre-lockdown data and post-

lockdown data displays the changes of levels in air pollutants due to lockdown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

1st January-30th April 

2019 (a) 

2019 

1st January-30th April 

2020 (b) 

2020 

Figure 2: Level of NO2 in pre-lockdown period (a) and during lockdown (b) 
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Pre-lockdown data shows that O3 was usually high over the eastern part of China due 

to its high population density, residential and industrial emissions and forest fires (Fig. 5). In 

general, the O3 over western also remains high throughout the year and exhibits a west to east 

transition depending on the seasons. O3 gradually decreases while moving towards the north, 

west and east to south. In contrast to widely distributed O3 over China, NO2 and CO are showing 

decreasing trend over distinct hotspots. It is a guess that high NO2 levels are found increased in 

Figure 3: Level of O3 in pre-lockdown period (a) and during lockdown (b) 

Figure 4: Level of CO in pre-lockdown period (a) and during lockdown (b) 
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2019 over cities because of vehicular emissions, whereas high CO levels are found increased 

because of industrial zones and power plant locations. Open burning also contributes total NO2 

emission over China hence NO2 hotspots are also observed in the forest fire dominated eastern 

part of the China. Over China, the pre-lockdown level of NO2, O3 and CO was 0.000125-

0.000200, 0.145-0.150 and 0.02-0.05 respectively. While that for the year 2020 was 0.000100-

0.000200, and 0.140-0.150 and 0.01-0.05, respectively. However, NO2 levels after lockdown 

nearly zero. 

During the period of lockdown, notable changes in air pollutant levels were observed 

across different regions of China. The concentration of CO exhibited a decrease from the 

northern to the western parts of the country, while an increase was observed in the eastern and 

southern provinces (Fig. 4). Similarly, there was a decrease in NO2 levels in the northwestern 

and southern regions, while an increase was observed in eastern China (Fig. 2). Furthermore, a 

reduction in O3 levels was observed in the majority of provinces across China, except for a 

significant increase observed in the northeast and northern regions (Fig.3). In specific provinces 

within the northeast region, an increase in NO2 levels was also observed, along with patches of 

high CO concentrations. This area is known for its significant industrial activity, including 

power generation plants and mining operations. The spatial distribution of O3 showed an overall 

increase across most regions of China, with a higher increase observed in the northeast and 

northwest parts of the country. These findings highlight the regional variations in air pollutant 

levels during the lockdown period, with different pollutants exhibiting distinct patterns across 

different provinces and regions of China. 

 

 
Figure 5: Line plot for a level of air pollutants in pre-

lockdown period over Hebei, Shanxi, Shandong, 

Gansu, Henan, Jiangsu, Shaanxi, Anhui, Hubei, 

Sichuan, Zhejiang, Jiangxi, Hunan, Guizhou, Fujian, 

Guangdong, and Guangxi provinces of China 

 
Figure 6: Line plot for a level of air pollutants during 

lockdown period over Hebei, Shanxi, Shandong, 

Gansu, Henan, Jiangsu, Shaanxi, Anhui, Hubei, 

Sichuan, Zhejiang, Jiangxi, Hunan, Guizhou, Fujian, 

Guangdong, and Guangxi provinces of China 

 

The study compared satellite-derived data for NO2, O3, and CO during the lockdown 

period with the data from the pre-lockdown period. The comparison was made for different 

provinces in China, and the results are presented in Figure 5 and 6. On a provincial scale, the 

analysis revealed a decrease in NO2, O3, and CO levels during the lockdown period compared 

to the pre-lockdown period. Specifically, in the months of January to April, the provinces of 

Hebei, Shanxi, Shandong, Gansu, Henan, Jiangsu, Henan, Shaanxi, Anhui, Hubei, Sichuan, 

Zhejiang, Jiangxi, Hunan, Guizhou, Fujian, Guangdong, and Guangxi experienced a reduction 

of 1.5% in NO2 levels, 1.5% in O3 levels, and 3.9% in CO levels. These findings suggest that 
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the implementation of the lockdown measures had a positive impact on reducing air pollutant 

levels in these provinces during the specified time period. 

 

4.4. Correlation between FC and air pollutants 

Monthly, O3 shows positive correlation with FC. Based on the figure 7, +0.91 to +0.94, 

indicating a positive relationships between the O3 and FC. A positive correlation is indicated 

by positive values (e.g., +0.91, +0.92) and suggests that as O3 increases, the number of FC tends 

to increase as well. Based on the figure 7, it can be concluded that CO, NO2 and FC show a 

negative correlation. This is indicated by the negative values (e.g., -0.73, -0.70, -0.10, -0.23) in 

the CO-FC pair and (e.g., -0.77, -0.49, -0.16) in the NO2-FC pair. Negative correlation between 

CO, NO2 and FC means that as CO and NO2 decreases, the number of FC also tends to decrease. 

In other words, there is an inverse relationship between CO and NO2 levels and the occurrence 

of fires. This suggests that higher levels of CO and NO2 are associated with a higher number of 

FC, while lower levels of CO and NO2 are associated with a lower number of FC. 

Understanding the correlation between FC and air pollutants is crucial for assessing 

the impact of pollution on fire occurrence. It suggests that reducing CO, NO2 and O3 emissions 

can help mitigate the risk of fires.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Correlation CO-FC  

-0.73 - -0.70 

-0.70 - -0.10 

-0.10 - -0.23 

 
 0.23 - 0.53 

 0.53 - 0.83 

Correlation NO2-FC  

-0.77 - -0.49 

-0.49 - -0.16 

-0.16 - -0.28 

 
 0.28 - 0.55 

 0.55 - 0.88 
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Conclusions 

This study provides evidence of a decrease in air pollutant levels (specifically NO2, 

O3, and CO) across China during the designated lockdown period from (1st January–30th April 

2020). The analysis conducted at the provincial level revealed a decline in the levels of NO2, 

O3, and CO, which corresponded to a decrease in the number of FC. These findings suggest a 

strong correlation between FC and air pollutant concentrations. 

In this study, we conducted a comprehensive exploration of the usefulness of air 

pollutant data derived from Sentinel 5P Data in illuminating and simulating the spatial 

distribution of FC across China. The findings of our study indicate a close relationship between 

the variations in FC and air pollutant levels, with generally positive correlations observed in the 

monthly observations. When comparing different provinces, we observed a stronger association 

between FC and air pollutants in the southwestern provinces of China.  

Overall, this study presents compelling evidence that a substantial decrease in 

emissions from vehicles and industries, comparable to the levels witnessed during the lockdown 

period, can effectively lead to a significant reduction in the number of FC at the provincial level. 

The implications of this study hold significant importance for policymakers and 

environmental agencies, emphasizing the need to prioritize sustainable practices and enforce 

stricter regulations to curb emissions and enhance air quality. By taking such measures, not only 

can the risk of fires be effectively mitigated, but it will also lead to a reduction in overall 

environmental and public health impacts. 

 

Correlation O3-FC  

+0.91 

+0.92- -0.07 

+0.07 - +0.40 

 
 0.40 - 0.73 

 0.73 - 0.94 

Figure 7: Correlation between FC and air pollutants (CO and NO2 and O3) 
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