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ABSTRACT 

 
The COVID-19 outbreak has caused millions of deaths in all over the world since it was declared 

by the World Health Organization (WHO) as a pandemic in March 2020. To stop the deadly spread 
of the virus, many countries, including Indonesia, have applied the ‘Large-scale Social Restriction’ 
(LSSR) policy. Numerous studies have reported positive impacts of air quality due to this policy. 
However, in Indonesia, data on the impacts of LSSR on air quality are still sparse. Therefore, this 
study aims to analyze changes in air quality at before and during the LSSR periods in the South 
Sumatera Province, Indonesia using the satellite-based observations of particulate matter (PM10), 
sulfur dioxide (SO2), nitrogen dioxide (NO2) and carbon monoxide (CO). The results showed that 
the concentrations of the measured pollutants markedly declined during the LSSR period from 
the highest was SO2 (98.90%) and followed by NO2 (34.79%), CO (12.70%) and PM10 (11.54%), 
respectively. The emissions from biomass burning activities were expected as a major source of 
air pollutant during the LSSR. Furthermore, we found a positive association between PM10 and 
the case fatality rate of COVID-19 in the study area (r = 0.514, p < 0.05). Finally, this study concluded 
that the implementation of LSSR could reduce air pollutants concentration in the study area while 
a higher PM10 exposure could increase the risk of death from COVID-19. The output of the study 
can be used to arrange air quality management practice and COVID-19 transmission control in 
Indonesia. 
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1 INTRODUCTION 
 

The World Health Organization (WHO) has labelled the COVID-19 outbreak as a global 
pandemic in March 2020 (WHO, 2020). In many countries, including Indonesia, pandemic control 
measures have been implemented by government. In Indonesia, one of the control measures is 
known as the Large-scale Social Restriction (LSSR) to avoid the transmission of COVID-19. During 
the LSSR period, only limited essential services such as public health center, food supply chain 
management and logistics are allowed to operate, whereas vehicles, industries and power plant 
activities are restricted which attribute to decline air pollutants level. Thus, there has been a 
positive impact of decreasing air pollution because of the LSSR. 

Air quality is a prominent factor that any authorities needs to take as a one of priority of their 
policy. Particulate matter, sulfur dioxide (SO2), nitrogen dioxide (NO2), carbon monoxide (CO) and 
ozone (O3) will give bad effects on human health if their presence at high concentrations (Lave 
and Seskin, 2013). Several studies have found that transportation, industries and power plant 
emissions contributed significantly to atmospheric pollution (Swietlicki et al., 1996). Additionally, 
biomass burning, agricultural land burning and forest fires also increase to atmospheric pollution 
loads (Ravindra et al., 2020). 

Recently, a satellite-based measurement of air pollutant during the COVID-19 pandemic from  
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the ESA (European Space Agency) have reported changes in NO2 conecntration using the 
Tropospheric Monitoring Instrument on the Sentinel-5 satellite which indicated impact of 
lockdown in European countries resulted in NO2 level reduction. In Chinese cities, Dutheil et al. 
(2020) reported NO2 was measured by the Tropospheric Monitoring Instrument indicated about 
30% reduction in tropospheric NO2 level. The Ozone Monitoring Instrument on NASA's Aura 
satellite data also obtained a similar result (NASA, 2020). The reductions were mostly caused to 
restricted industrial and social activities, and reduced number of vehicles. 

Many studies have reported a significant association between environmental factors 
(meteorological and air pollution variables) and COVID-19 cases. Tosepu et al. (2020) found  
temperature was significantly associated with COVID-19 spread in Jakarta, Indonesia (r = 0.392; 
p < 0.01). Temperature along with wind speed indicated a significant correlation with COVID-19 
transmission (Babu et al., 2020; Pani et al., 2020; Rendana, 2020). Relative humidity was also a 
contributing factor for airborne transmission of COVID-19 (Ahlawat et al., 2020; Ma et al., 2020).  

Furthermore, recent studies have revealed that the COVID-19 incidences had a strong association 
with the particulate matter concentration in air (Zoran et al., 2020). Exposure to ambient particulate 
matter has been noted to increase the risks of mortality due to pulmonary diseases (Ling and van 
Eeden, 2009; Yang et al., 2011). It was supported by previous study where the particulate matter 
is positively correlated with case fatality rate from coronavirus infection (SARS-CoV-1) (Cui et al., 
2003). For SAR-CoV-2 (COVID-19), recent studies have reported particulate matter concentration 
was also positively associated with case fatality rate of COVID-19 and it might affect COVID-19 
prognosis (Yao et al., 2020). Similar result also obtained by Patra et al. (2021) who found PM2.5 
concentration had a positive association with COVID-19 fatality rates (r = 0.52). As whole, those 
above-studies have suggested the particulate matter could possibly carry viruses as carrier and 
transmit viruses through air. However, they focused only on particulate matter and they did not 
elaborate other important pollutants such as SO2, NO2, CO and O3. 

Several studies have also carried out to investigate the impact of COVID-19 lockdown on air 
quality in a certain area. For instance, Ezani et al. (2020) reported decline in level of PM2.5 was 
recorded during COVID-19 lockdown in suburban Malaysia. A study by Xu et al. (2020) also found 
there was reductions of air pollutants during the COVID-19 pandemic such as 30.1% (PM2.5), 
40.5% (PM 10), 33.4% (SO2), 27.9% (CO) and 61.4% (NO2) which recorded in Wuhan, Jingmen and 
Enshi. In Indonesia, the air quality was found better during the LSSR period in the Jakarta province 
and its surrounding provinces (Pramana et al., 2020). However, this study focused on the air 
quality index and did not specifically explain regarding air pollutant concentration. Also, this study 
only covered provinces in Java Island, wheras there was not any studies regarding air quality in 
provinces of Sumatera Island during COVID-19 pandemic. Although ground monitoring station 
offered a good measurement of air quality, but some areas in this country, the limited station for 
air quality measurement is a primary issue to obtain the best observation. Therefore, low-cost air 
quality measurement for air quality based on satellite remote sensing has been applied for this 
current time. This technique provide a good air pollution data at high spatial-temporal resolutions 
and show a good accuracy (Kanniah et al., 2020). 

Therefore, this current study aims to analyze the air pollutants PM10, SO2, NO2 and CO in the 
South of Sumatera Province at the before the LSSR and during the LSSR periods using satellite-
based observation of air polllutant. The effect of meteorological factors and wind trajectory will 
be assessed using the HYSPLIT model from NOAA. Moreover, because of few studies have 
quantified the effect of air pollutants on case fatality rate of COVID-19. Therefore, this study also 
analyzes the relationship between PM10 SO2, NO2 and CO with case fatality rate of COVID-19 in 
the South of Sumatera Province. As a whole, this study will offer a new insight in formulating air 
quality management strategies and COVID-19 transmission control measures. 

 

2 METHODS 
 
2.1 Satellite-based Observation of Air Pollutants 

Satellite retrievals of aerosol particles and trace gases data were employed to study a satellite-
based observation to assess the air quality distribution. Particulate matter 10 (PM10), retrieved from 
the MODIS-Terra Spacecraft. The PM10 was measured daily using the Aerosol Optical Depth (AOD) 
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with 0.55 µm wavelength at 1° × 1° resolution. The AOD was performed as a representative for 
suspended aerosols in the atmosphere, including fine solid particulate matter.  

Tropospheric amount of nitrogen dioxide (NO2) retrieved as a daily with 0.25° × 0.25° resolution 
and measured by the Ozone Monitoring Instrument (OMI) onboard the NASA’s Aura Satellite. 
Column amount of sulfur dioxide (SO2) retrieved as a daily with 0.25° × 0.25° resolution, it was 
measured by the OMI, an instrument aboard the NASA’s Aura Satellite. Carbon monoxide (CO) 
mole fraction in air was measured daily by Atmospheric Infrared Sounder (AIRS) on NASA's Aqua 
Satellite at 1° × 1° resolution. The AIRS applied 3D analysis of the atmospheric column along with 
trace gases, cloud and surface properties. Overall, the data were compared between before the 
LSSR (April 1–14, 2020), during the LSSR phase 1 (May 20–June 2, 2020) and the LSSR phase 2 
(June 3–16, 2020). 

Additionally, ground-level measurements of NO2, SO2, CO and PM10 concentrations were 
collected from air quality monitoring station (AQMS) in the South Sumatera Province operated 
by the Ministry of Environment and Forestry of The Republic of Indonesia. All satellite data were 
directly compared with the AQMS. In order to match with the satellite data, the AQMS data were 
arranged into a daily basis just like the satellite data acquisition time. A single satellite pixel which 
located at the nearest point to the AQMS station was then used for the validation, this technique 
was the same as shown by the other studies (Kanniah et al., 2020; Yang et al., 2020). Statistical 
analyses such as the R-squared (R2), the root mean square error (RMSE) and mean absolute error 
(MAE) were employed to determine accuracy of the satellite data against the AQMS. 

 
2.2 Trajectory Analysis 

Trajectory analysis was used to find the possible sources which lead to high concentration of 
air pollutants during the LSSR period. Air pollutants were tracked from the origin sources to the 
ending point where the data were retrieved by satellite. The assessment was carried out using 
Hybrid Single Particle Lagrangian Integrated Trajectory model (HYSPLIT) from the National 
Oceanic and Atmospheric Administration Air Resource Laboratory (NOAA ARL) (Rolph, 2017). The 
parameter in this model was set in the backward mode for 72 hours and the altitude from 0 to 
100 m. For fire hotspot data, VIIRS (Visible Infrared Imaging Radiometer Suite) and MODIS (Moderate-
Resolution Imaging Spectroradiometer) data were obtained from the fire information for resource 
management system (FIRMS) website for the studied periods over study area (Fig. 1). 

 
2.3 Case Fatality Rate of COVID-19 

COVID-19 mortality data in study area was obtained from open data portal (http://corona.sum 
selprov.go.id/). We calculated the case fatality rate of COVID-19, which was specified as cumulative 
mortality counts divided by cumulative confirmed cases in study area (Eq. (1)). The case fatality 
rate of COVID-19 was generally defined as a percentage and showed level severity of disease. 

 
Cumulative mortality

Case Fatality Ratio (CFR) = 
Cumulative cases

 (1) 

 

3 RESULTS AND DISCUSSION 
 
3.1 Spatial Distribution of Air Pollutants 

In this study, the satellite data were validated against the AQMS in the South Sumatera region. 
The validation outputs indicated a good accuracy between the satellite data and the AQMS with 
R2 = 0.85, RMSE = 0.11 and MAE = 0.08. The remarkable agreement between the satellite data 
and the AQMS enabled for applying the satellite data to analyze the air pollutants concentrations 
and their distribution in the study area before and during the LSSR phases. 

The PM10 concentration was analyzed in study area before and during the LSSR period (Fig. 2). 
The period of LSSR had two phases which were May 20–June 2, 2020 (1st phase) and June 3–16, 
2020 (2nd phase). The average PM10 concentration at before the LSSR (April 1–14, 2020), was 
28.50 µg m–3 and decreased by 7.69% (LSSR phase 1) and 11.54% (LSSR phase 2) (Table 1). The 
northeast and east areas recorded the highest concentration of PM10 during the LSSR period.  
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Fig. 1. The location of study area. 

 

 
Fig. 2. Spatial distribution of PM10 concentration estimated with the MODIS-Terra Satellite over study area (a) before the LSSR, 
(b) during the LSSR phase 1 and (c) during the LSSR phase 2. 

Study area

(a)

(c)

(b)
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Table 1. Mean air pollutants concentration over study area between before and during the LSSR period.  

Air Pollutants Before  
LSSR 

LSSR 
Phase 1 

LSSR 
Phase 2 

Percentage  
reduction after  
LSSR 1 (%) 

Percentage  
reduction after 
LSSR 2 (%) 

PM10 concentration (µg m–3) 0.28 0.26 0.23 7.69 11.54 
SO2 Column (DU) 0.91 0.14 0.01 84.61 98.90 
NO2 Tropospheric Column (×1013 molecule cm–2) 107.04 69.83 86.38 34.76 19.30 
CO, Mole Fraction (ppbv) 100.03 92.52 87.33 7.51 12.70 

 

These areas were mainly encompassed by industries and biomass burning activities. The increase 
in PM10 might be elucidated because of the high concentration of biomass burning activities in 
the area, especially in the land use conversion from peatland to agricultural sectors that occurred 
during the LSSR period. Although, we found a significant reduction of PM10 level during the LSSR 
phase 2, but when the LSSR phase 1, the PM10 level was just partly reduced, it was because 
industrial activities was still in operation. The same situation also found at coal mining areas in 
India which recorded a positive anomaly (+11 to 40%) during the lockdown period because of 
continuing mining operation (Ranjan et al., 2020). 

The average column SO2 concentration in study area showed high reductions, 84.61% during 
LSSR phase 1 and 98.90% during LSSR phase 2 (Table 1). The result was consistent with Filonchyk 
et al. (2020) who found the low SO2 level also recorded in North China Plain (0.45–0.70 DU), 
where the area with power plants and coal mining industries during COVID-19 outbreak. In 
general, the greatest source of SO2 in air was from the burning of fossil fuels by power plants and 
industrial activities. Spatial distribution map of SO2 concentration indicated that the pollutants 
were more concentrated in the northwest part of study area (Fig. 3(a)). This area that were along 
rice mills and food processing plants each recorded high amounts of SO2 (5.43–7.89 DU). Since 
SO2 could be produced by burning coal, the high SO2 level were observed in the center region of 
study area (above 5.43 DU), where there were coal industry and power plants. However, during 
the LSSR period, SO2 concentrations in the area were found decreasing to the range of 0.51–
2.9 DU (Figs. 3(b)–3(c)). This was because there was a shutdown of factories or industries for a 
certain period to avoid COVID-19 transmission. In countries all over the world, many industrial 
operations either shut down or worked with limited capacity because of COVID-19 impact 
(Chowdhury et al., 2020; Esfandiari and Morris, 2020). Since the South Sumatera province had 
only one coal-fired power plant and other industries rather than coal-fired power plants was the 
primary origin of SO2 emissions in this region. Hence, we assumed the significant reduction in SO2 
concentrations in the study area due to the closure of the industries and the termination of full-
scale production of several industries. Additionally, fewer vehicle emissions also partially reduced 
concentrations of SO2 in the study area. Previous studies revealed significant decreases of SO2 
levels due to the lockdown policy. Ghahremanloo et al. (2021) found about 71% reduction of SO2 
concentrations in Wuhan, China during the lockdown period. Li and Tartarini (2020) also found 
50% reduction in SO2 concentrations during the COVID-19 lockdown in Singapore.  

Furthermore, the average tropospheric NO2 concentration in study area revealed a significant 
reduction during LSSR phase 1 and LSSR phase 2 that were 34.76% and 19.30%, respectively 
(Table 1). Also, CO pollutants with 7.51% and 12.70% reductions during the subsequent LSSR 
phases (Table 1). Before the LSSR period, the center part of study area was recorded the highest 
amount of NO2 (205–263 × 1013 molecule cm–2) and CO (95–100 ppbv) (Figs. 4(a) and 5(a)). NO2 
and CO pollutants were primarily spread in the atmosphere from emissions from cars, trucks and 
buses and power plants that burned fossil fuel. Palembang city which located in the center part 
of study area had high amounts of NO2 and CO, this area was a mega urban city in the South of 
Sumatera Province where it had heavy traffic area that lead to high vehicles emission. This result 
was consistent with findings by Garg et al. (2001) who identified the primary contributors of NO2 
in several mega cities in India, they found the transportation sector as the highest contributors 
of NO2 emissions in the city. Moreover, many studies have speculated that areas with low CO 
level were frequently related to the topography factor (Filonchyk et al., 2020). Low CO levels 
were usually located in the high elevation areas because of the low level of emission activities 
and low amount of atmospheric columns (Zhang et al., 2016). 
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Fig. 3. Spatial distribution of SO2 concentration estimated with the NASA’s Aura Satellite over study area (a) before the LSSR, 
(b) during the LSSR phase 1 and (c) during the LSSR phase 2. 

 

 
Fig. 4. Spatial distribution of NO2 concentration estimated with the NASA’s Aura Satellite over study area (a) before the LSSR, 
(b) during the LSSR phase 1 and (c) during the LSSR phase 2. 

(a)

(c)

(b)

(a)

(c)

(b)
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Fig. 5. Spatial distribution of CO concentration estimated with the NASA's Aqua Satellite over study area (a) before the LSSR, 
(b) during the LSSR phase 1 and (c) during the LSSR phase 2. 

 
However, NO2 and CO pollutant levels recorded dropped after the LSSR implementation 

(Figs. 4(b)–4(c), and 5(b)–5(c)). During the LSSR, transportation and industrial activities were 
restricted, although power plants and biomass burning were still remained active in some areas, 
which then slightly increasing NO2 and CO pollutants in air. The decrease in air pollutant concentration 
was related to better air quality index (AQI), thus we compared our result with other provinces 
in Indonesia like Jakarta and West Java that both also had high COVID-19 cases and applied LSSR 
to avoid a larger scale transmission around the area. According to study by Pramana et al. (2020), 
they revealed that the air quality index from Jakarta, Banten and West Java provinces also 
showed better changes during the LSSR period.  

 
3.2 The Association between Air Pollutants and Case Fatality Rate of COVID-19 

To obtain the case fatality rate of COVID-19 over study area, we calculated the ratio between 
confirmed deaths (182 deaths) and confirmed cases (3724 cases) in study area, thus the case 
fatality rate of COVID-19 was 4.89%. The case fatality rate value was higher as compared with 
other cities in China. The case fatality rate has been used to evaluate and compare the severity 
of COVID-19 epidemic between cities or countries (Kim et al., 2020). Our result found that the 
case fatality rate of COVID-19 was positively associated with PM10 concentration (r = 0.514, p < 
0.05) (Table 2). This result was in agreeement with findings by Yao et al. (2020) that the case 
fatality rate of COVID-19 was significantly correlated with PM10 in 49 Chinese cities. Another 
study by Hou et al. (2020) also found the same result that they revealed a significant positive 
association between long-term PM10 levels and the case fatality rate of COVID-19. To support this 
result, we conducted the back trajectories in the study area (Fig. 6). By using the back trajectory 
we would like to know where is the possible sources of PM10 during the LSSR, because based on 
the LSSR policy, industries and factories operation were restricted. The period of the back 
trajectories was selected at the same duration with the LSSR implementation (May 20–June 2, 
2020). Fig. 6 revealed the hotspots of burning activities in the South Sumatera region were near 

(a)

(c)

(b)
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Table 2. Spearman correlation between case fatality rate of COVID-19 with air pollutants. 

Parameter Case Fatality Rate PM10 SO2 NO2 CO 
Case Fatality Rate  1 0.514* 0.113 –0.038 –0.016 
PM10  0.514* 1 0.078 0.495* 0.313 
SO2  0.113 0.078 1 –0.102 0.259 
NO2   –0.038 0.495* –0.102 1 0.111 
CO  –0.016 0.313 0.259 0.111 1 

*Correlation is significant at the 0.05 level (2-tailed). 

 

 
Fig. 6. The backward trajectory air pollutant of Palembang city during the LSSR (25–28 May 2020) with red line is a trajectory 
line at 100 m above ground level. The yellow dot features are active fire locations from satellites during the same duration. 

 
to the Palembang city but they were not the major sources of emission. This study found the 
primary sources of the PM10 were from the northeast area. The PM10 emission could affect the 
human’s cardiovascular system because it could enter into lung tissues and finally cause a severe 
inflammation (Ciencewicki and Jaspers, 2007). Other previous studies have found that long-term 
exposure to PM10 might harm lung functions and cause death (Bloemsma et al., 2016). If we 
compared our findings with previous studies of SARS-CoV-1 in 2003 year, the risk of death from 
SARS-CoV-1 increased when the air pollution index (API) increased (Cui et al., 2003). It concluded 
that the risk of death from SARS-CoV-1 and SARS-CoV-2 (COVID-19) that caused by air pollutants 
were almost similar.  

However, there was weak correlation between the case fatality rate of COVID-19 and SO2, NO2 
and CO (r < 0.1, p > 0.05) (Table 2). This study suggested that these gaseous had more significant 
relationship with incidence and transmissibility of COVID-19. Hou et al. (2020) also noted the 
same result that they found weak correlation between the case fatality rate of COVID-19 and SO2, 
NO2 and O3. As a whole, our findings obtained a positive association between PM10 level and the 
case fatality rate of COVID-19, that suggesting that long term PM10 exposure that prior to the 
LSSR period might increase sensitivity of resident to COVID-19. Limited by ground monitoring air 
pollutants data in study area during the pandemic situation, thus we analyzed PM10, SO2, NO2 and 
CO levels using high spatial resolution satellite (e.g., 1 km × 1 km). Therefore, for future studies, 
it needs to use hyperspectral images to obtain air pollutant data for getting better accuracy. 
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4 CONCLUSIONS 
 

The average SO2, NO2, CO and PM10 concentrations during the LSSR indicated a notable 
reduction over study area such as 98.90%, 34.79%, 12.70% and 11.54%, respectively. The highest 
reduction of pollutants was at the second phase of LSSR. The reduction was due to a policy during 
the LSSR that commanded industrial operations either shut down or worked with limited capacity. 
Furthermore, this social distance policy recommended the people to stay at home thus it 
decreased vehicles emissions. The back trajectory analysis found in the limited of major industrial 
and transportation activities, biomass burning activities contributed as a primary source of 
particulate matter emission during the LSSR period in study area. The study also highlighted the 
PM10 concentration was associated with the case fatality rate of COVID-19 (r = 0.514, p < 0.05). 
Thus, the higher PM10 concentration, the higher case fatality rate of COVID-19. This was because 
the PM10 increased a risk of mortality due to pulmonary diseases. These results of study could 
assist in arranging better air pollution management and COVID-19 transmission control. 
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