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ABSTRACT

In the present study, the atmospheric concentrations of various pollutants over the Indian subcontinent 
before the COVID-19 (during 2019) and during COVID-19 phases (2020) were studied. The COVID-19 
has created a negative impact on the country’s economy but has positivity over the atmospheric 
resources. The levels of carbon monoxide (CO), nitrogen dioxide (NO2), and UV aerosol index were 
assessed using satellite images for the two different phases. The obtained results can be interpreted 
and can be substantiated with the lockdown effect due to the COVID -19 pandemic. The pollutants 
are mostly emitted from anthropogenic sources like vehicular emissions, industrial emissions, power 
plants, construction works, commercial and institutional places.  It was evident that the levels of carbon 
monoxide, nitrous dioxide and aerosols levels have drastically decreased during the lockdown period. 
Hence, it can be concluded that COVID-19 has cleaned the atmospheric pollution as well as climate 
change scenario and nature on its own.  

INTRODUCTION

The Corona diseases 2019 (COVID-19) has become a glob-
al pandemic and was the greatest threat to more than 200 
countries and infected more than 3 million people globally 
(WHO 2020). The United Nations Department of Economic 
and Social Affairs (UNDESA) has predicted that the COV-
ID-19 pandemic has troubled the global economy and it 
could shrink by 1% in 2020. Many countries have adopted 
the control measures like social distancing, wearing personal 
protective equipment like a mask, hand-wash, regular sani-
tizing, regional lockdown, closing the mass gathering places 
like schools, colleges, industries, pilgrim centre, shopping 
malls, tourist spots and other non-essential business (Zhang 
et al. 2020). In India, the COVID-19 has affected over 70,000 
people and killed 2,200 people, subsequently, the infected 
persons usually experience mild to moderate respiratory 
issues. The Ministry of Health and Family Welfare, Gov-
ernment of India has stated that many older people affected 
with COVID-19 and other multiple health illness like cardi-
ovascular disease, chronic respiration problem, diabetes, and 
cancer are most likely to build up serious illness and fatality. 

The novel COVID -19 inception in late December 2019 
has reduced the anthropogenic activities raised by the humans 
like vehicular transport, industrial emissions, fossil fuel 

burning and energy consumption. The pollutants such as 
carbon monoxide, black carbon, ozone, particulate matters, 
nitrous oxide and aerosols are the most common pollutants 
that are emitted from anthropogenic activities and which 
can harm human begins (Badarinath et al. 2007, Kumar et 
al. 2010, Ding et al. 2013, Zhang et al. 2020). The prediction 
of the atmospheric and climate changes can be envisaged 
by quantifying the primary and secondary air pollutants. 
Carbon monoxide (CO) is a colourless, tasteless, odourless, 
and non-irritating gas formed due to the incomplete or 
partial combustion of carbon materials (Badarinath et al. 
2007). Nitrous oxide is an excellent tracer of human-induced 
activities, it is mostly emitted as NO from anthropogenic 
combustion sources like vehicular emission, power plants 
and residential combustion (Martin et al. 2003, Zhang et al. 
2018). Aerosols are a suspension of small water droplets or 
solid particles carried over by the air or other gases into the 
atmosphere. Aerosols significantly affect the radiation and 
cause an imbalance between the radiation energy scattering 
and absorbing (Jia et al. 2019). All these pollutants are highly 
responsible for causing much illness to the human begins like 
respiratory problems, bronchitis, asthma, skin cancer and 
many other problems (Ghude et al. 2019). Additionally, the 
above-mentioned gases are an important commodity in the 
greenhouse gases, which are responsible for global climate 
change. Hence, it is necessary to understand the air quality 
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trends before and after the COVID-19 situation over the In-
dian Sub-continent. In the present study, the spatial-temporal 
variation of the gaseous pollutants like carbon monoxide 
(CO), and Nitrogen dioxide (NO2), using the satellite data 
over the Indian subcontinent were simulated and the trend of 
Ultraviolet Aerosol index (UVAI) was analysed before and 
after the novel COVID-19 pandemic situation. 

MATERIALS AND METHODS

Study Area

Most of the megacities around the world are affected by air 
pollution and pressing a growing concern on human health. 
The study focused on the Indian subcontinent as many re-
ports are suggesting the quality of urban air pollution and 
its related problems. The trends of the air pollution levels 
over the Indian subcontinent before and after the COVID-19 
pandemic are analysed using satellite images. The Indian 
cities are grouped into six different zones which consist of 
many mega cities – The northern zone consists of 29 cities; 
Southern zone consists of 26 cities; Eastern zone consists 
of 21 cities; Western zone consists of 33 cities; Central 
zone consists of 8 cities; North-east zone consists of 11 
cities. Data criterion was collected from the satellite images 
(https://giovanni.gsfc.nasa.gov/giovanni/) for the year 2019 
and 2020 i.e., one year before the COVID-19 and during the 
pandemic situation. 

Satellite Datasets for Gaseous Air Pollutants

GIOVANNI is an open broad web interface that allows the 
users to view and analyze NASA’s gridded data from various 
satellites and surface observations. Giovanni provides the 
users with the data’s pertaining to the atmospheric chemistry, 
atmospheric temperature, water vapour, atmospheric aero-
sols, hydrology, ocean chlorophyll, and surface temperature 
and analytical functions were performed by Grid Analysis 
and Display Systems (GrADS) (Acker & Leptoukh 2007). 
The Atmospheric Infrared Sounder (AIRS) is a grating 
spectrometer aboard the second earth observing system 
(EOS) and the polar orbiting platform. AIRS comprises 
of an innovative atmospheric sound group with infrared, 
visible and microwave sound sensors with a combination of 
Advanced Microwave Sounding Unit (AMSU) and Humidity 
Sounder for Brazil (HSB). The carbon monoxide (CO) map 
was prepared by considering the monthly averaged mean 
mole fraction values in air and measured in ppbv during the 
ascending day time at 1 × 1 degree grid cells at 925 hPa (Kahn 
et al. 2014). The Nitrogen dioxide (NO2) satellite data sets 
were acquired from the time average OMI-AURA (Ozone 
Monitoring Instrument-AURA) tropospheric column level 3 

daily gridded at 0.25 × 0.25 degree resolution and measured 
with a unit 1 per sq. cm (Nickolay et al. 2019). 

The UV aerosol index (AI) map was obtained from the 
daily time-weighted average from Ozone Monitoring Instru-
ment (OMI) at 1 × 1 degree resolution. The index detects the 
particulate maters mostly dust and soot emissions from the 
anthropogenic activities. It is based on the spectral contrast 
method in a UV region where the ozone is very minimal. 
The AI is the difference between the observations and model 
values of absorbing and non-absorbing spectral radiance 
ratios and given by the below equation (1), 

AI=100 [log10(I360/I331)measured − log10(I360/I331)calculated ]…(1)

Where, (I360 / I331)measured are the radiances measured at 
360 nm and 331 nm and (I360 / I331)calculated are the calculated 
radiances at 360 nm and 331 nm assuming a Rayleigh 
scattering atmosphere. Positive values of the Aerosol Index 
generally represent absorbing aerosols (dust and smoke) 
while small or negative values represent non-absorbing 
aerosols and clouds (Pawan & Bhartia 2012).

RESULTS AND DISCUSSION

Carbon Monoxide (CO)

Spatial-temporal variation: Carbon monoxide (CO) is 
produced by the incomplete combustion of various carbon 
fuels of both biomass and fossil origins as well as from 
the oxidation of methane and other hydrocarbons. CO is a 
poisonous, odourless, and colourless gas. CO is not a direct 
greenhouse gas; however, CO and other pollutants can 
affect tropospheric ozone, carbon dioxide, and methane. 
Thus, CO can have an indirect effect on climate. The mix-
ing ratio of CO is widely used as a tracer of polluted air in 
remote regions mainly due to its specific emission sources 
and longer atmospheric lifetimes of about 2 months (Sahu 
et al. 2019, Tang et al. 2019). CO is measured by the total 
column measurement; it is the number of molecules of CO 
in an atmospheric column from the Earth’s surface to the top 
of the stratosphere above a square centimetre of the surface, 
it is the volume mixing ratio in parts per billion (ppbv). In 
South Asia, the major sources of CO emissions are biomass 
burning and anthropogenic activities including the usage of 
fossil fuels (Shindell et al. 2006). Yoon & Pozzer (2014) es-
timated a rapid increase in CO mixing ratios over South Asia 
due to the increasing anthropogenic emissions by combining 
observations with a global climate model. In urban and pol-
luted regions, the oxidation of CO can lead to the formation 
of ozone (O3) in the presence of oxides of nitrogen (NOx 
= NO + NO2) and sunlight. Additionally, CO is a criterion 
pollutant as exposure to its elevated levels adversely affects 
the regional to global air quality and human health (Prockop 
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& Chichkova 2007). Therefore, it is important to investigate 
the spatio-temporal variations of CO and the contribution 
of various emission sources, especially over the South Asia 
region where anthropogenic activities are increasing rapidly.

During July, the CO concentrations in the Indian pen-
insular region are much lesser in the range of 7.9 – 14.9 × 
10-1 ppbv (Fig. 1). Whereas, the concentrations of CO during 
the December month were over the Indian subcontinent 
were in the range of 10.6 – 18.1 × 10-1 ppbv (Fig.1). The 
spatio-temporal variability of CO in the troposphere depends 
on the source locations and the mixing/transport associated 
with the horizontal and vertical winds (Chandra et al. 2016). 
In the lower troposphere, the strength of local emission, 
dilution due to horizontal winds and vertical ventilation 
due to convection control the seasonal variations of primary 
pollutants such as CO. In contrast, the seasonality of CO aloft 
strongly depends on the vertical transport near the ground to 
the middle and upper troposphere, especially in the tropics 

favoured by strong convection activities (Sheel et al. 2014). 
The near-surface wind speeds in July are higher compared 
to December, leading to dilution effect and hence lower CO 
concentration in July than in December. The spatial variation 
of CO is visible from the figure, as it is lesser in the oceans 
and more in the overland. The above scenario explains to 
us that as the anthropogenic activities (Burning of fossil 
fuel) are more in the land surface than in the ocean; hence 
concentrations of CO are higher in land. It was also evident 
from the figure that the spatial variation of CO over the Bay 
of Bengal was much higher compared to the Arabian Sea. 
The above scenario explains the fact that proximity of land 
directly affects CO levels. The Bay of Bengal is in between 
two landmasses and is more vulnerable to the continental 
wind-driven outflow of pollutants into the oceans. 

Effect of COVID-19 on carbon monoxide levels: The 
lockdown scenario due to COVID-19 has shut many of the 
industries and transportation paved a negative impact on the 
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economy of the country. But, there is positivity from the 
COVID-19, the atmospheric pollution levels have drastically 
come down. It was seen from the carbon monoxides levels 
in the air during the ascending day time at 925 hPa (Fig. 2). 
During March 2019 the Indian subcontinent has emitted a 
carbon monoxide value ranging from 15.14 - 18.15 × 10-1 
ppbv while the levels of carbon monoxide came down to 
1 -1.27 × 10-1 ppbv during the lockdown period. A similar 
trend was observed for the carbon dioxide values over the 
city of Kolkata (Mitra et al. 2020). 

Nitrogen dioxide (NO2)

The emissions of nitrogen dioxide (NO2) are mainly from 
mobile and stationary fuel combustion sources. It is an 
irritant gas, which can cause inflammation of the airways 
at a higher concentration. As the fuel gets combusted, the 
nitrogen present in that combine with the oxygen molecules 
to create nitric oxide (NO), which further reacts with nas-
cent oxygen to form the NO2. Both these compounds are 
together considered as oxides of nitrogen (NOx), where NO 

are not that harmful like NO2. The NOx gases react to form 
smog and acid rain which can cause adverse health effects 
like lung diseases, respiratory problems and skin allergies, 
further higher concentration of nitrous oxides may damage 
the vegetation, leaf damages and yield (Haris et al. 2011, 
Deng et al. 2018, Marescaux et al. 2018).

Similar to carbon monoxide values over the Indian 
subcontinent, the concentrations of nitrogen dioxide have 
decreased due to the lockdown (Fig. 3 and 4). As it can be 
visualized from Fig. 4 satellite images that there were many 
red-orange colour pockets during March 2019, but that was 
significantly reduced during the 2020 period. In the same 
way, the May concentrations of NO2 have reduced due to 
lesser mobile emissions. Also, it can be visualized that over 
the 20-25° N and 80-85° E there were many red pouches 
(highlighted by encircling). The concentrations over that 
regions were in the range of 1.24-1.65 × 10-16 OMI per sq. cm 
(Fig. 4). The reason may be due to may stationary emissions 
i.e., power plants are operational over Chhattisgarh and were 
in good agreement with Patra (2017). 

 
Fig. 3: Spatio-temporal variation of NO2 over Indian Subcontinent during March. 

 
Fig. 4: Spatio-temporal variation of NO2 over Indian Subcontinent during May. 
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UV Aerosol Index

The UV aerosol index (UVAI) is the vital method that 
detects the absorbing aerosol from the satellite near to UV 
wavelength range. It was explained by researchers that if a 
positive UVAI value was recorded, it implies that aerosol 
absorption is happening; a negative value indicates a non-ab-
sorbing aerosol. If the AI is close to zero, it indicates the 
minimal aerosol absorption or non-aerosol related effects 
such as clouds, ocean colour effects or sun glint (Hammer 
et al. 2015). The mean OMI UVAI observations for April 
and May 2019 and 2020 were shown in Fig. 5 and 6. It was 

visible that clear signals over many Indian cities during April 
and May 2019. 

The UVAI in many of the northern cities like Noida, Delhi, 
Kanpur and Punjab regions were above 1.5 and 3.0. It resem-
bles that the regions dominant in the mineral dust and biomass 
burning, and were in good agreement with Kumar & Kumar 
(2017). After the COVID-19 lockdown situation, the UVAI has 
significantly reduced in many of the Indian cities as seen in the 
figure. The places that recorded maximum UVAI during April 
and May 2019 has shown decline values of UVAI (highlighted 
with red rounds in figures) during the same month in 2020. 

 
Fig. 3: Spatio-temporal variation of NO2 over Indian Subcontinent during March. 

 
Fig. 4: Spatio-temporal variation of NO2 over Indian Subcontinent during May. 
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CONCLUSION

The extent of change in the atmospheric parameters like 
carbon monoxide (CO), nitrogen dioxide (NO2) and ultra-
violet aerosol index (UVAI) are studied over the Indian sub-
continent during the unprecedented worldwide COVID-19 
pandemic scenario. The global pandemic and subsequent 
lockdown have flattened the world economy but it reduced 
the anthropogenic emission sources to a great extent. A 
significant reduction of primary pollutants, like NO2 (~65%) 
and CO (~7%) reveals that the reduced emissions from the 
vehicular movements and other essential anthropogenic ac-
tivities, and reveals a better air quality during the lockdown. 
There was more than a 57% reduction in the UV aerosol 
index (UVAI) as the value was 1.5-3.5 during the year May 
2019 and reduced to 0.5-2.0 during the year May 2020. The 
above results are evident that apart from the local meteor-
ological and natural emissions like sea spray and pollen 
grains, the lockdown of various industries, lesser vehicular 
emissions have decreased the dust as well as smoke emis-
sions thereby the reduced UVAI values. Amongst the three 
atmospheric pollutants studied, CO was the least impacted 
by the lockdown. The emissions of CO were predominantly 
from fossil fuel burning, and the least contribution was seen 
during the lockdown as well as CO has a longer atmospheric 
lifetime. Hence, the novel COVID-19 has many negative 
impacts worldwide but showed few positive effects on the 
environment by reducing the atmospheric pollutants level and 
provided a unique opportunity for the researchers to explore 
sustainable and balanced mitigation strategies. 
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