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Key Points:
e Whole of the World is under some sort of lockdown due to COVID-19.
e Controlled emissions from fossil fuels have improved the environmental pollutions.
e Huge drop in AOD ~ 45 % has foreseen over northern Indo-Pak Gangetic Plain
e NO; emission has also declined to 40-50 % after the national lockdown in Indo-Pak.
e Strong correlation exists between drop in AOD and NO; level.
o Satellites observations have strong capability to capture the environmental phenomena’s

over the Earth’s planet.

Abstract

The present study have used space observations of NO, emission (OMI) and aerosol optical depth (AOD)
(MODIS) from the last couple of years (2015-2019) to investigate the changes in air pollution in response
to COVID-19 pandemic during the lockdown period (Mar-May, 2020) over the Indo-Pak region. Result
of this study reveals a huge drop in air pollution that accounted for 40-50% reduction in NO, emissions
and 45% in AOD over the whole Indo-Pak region. The major metropolitan areas (cities) of the region
showed a remarkable decrease in NO, emissions, whereas the calculated rate of reduction was found
highest for the city of Lahore (Pak) ranges between 29-52% followed by Ahmadabad (Chennai) as 27-
52% (32-42%) respectively. The geospatial analysis revealed the existence of positive correlation (range
from 0.23-0.50) between AOD and NO, emissions, which further implies that a decrease in AOD may be
attributed to reduction in NO, to some extents.

Keywords: COVID-19; lockdown; NO, emission; aerosol optical depth; Ozone Monitoring Instrument (OMI)
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Plain Language Summary

After an outbreak of novel infectious disease (COVID-19) which started at the end of 2019, later
on it turned into a global pandemic and spread across 212 countries over the world. Many
countries across the World went to strict lockdown measures which have been implemented by
government authorities to reduce the further spread of disease infections. It has severely posed
negative impacts on the social, human health and economic fronts, but on other way it also
proven that strict quarantine measures and lockdown activities has resulted in recovery of
environmental pollution. Huge drop in air pollution has been accounted as 40-50% in NO2
emission and 45 % in aerosol particle thickness over the whole Indo-Pak region. Moreover, all
the major cities across the region also have shown substential reduction in NO2 emission duing
strick lockdown measures.

1. Introduction

The observed changes in the global climate system indicate enormous threats to anthropoid,
farming, nature, bionetwork, and eco-environment (Hussain et al., 2020; Hussain et al., 2019;
Igbal et al., 2018b; Malik et al., 2020; Salam et al., 2020). Moreover, human activities and daily
demands are increasing continuously with fast growing world population, subsequently threating
to the Earth’s planet (Igbal et al., 2018a; Igbal et al., 2019). Indo-Pak region geographically
located in South Central Asia and mainly comprises of two main countries, Pakistan and India.
The two countries have ranked closely as developing countries in the last couple of years (Gul,
2009) and still these countries are using low quality fuel in transportation and in manufacturing
industries due to lack of developed technologies (Dhar and Shukla, 2015; Fullerton et al., 2008;
Gordon et al., 2014; Wang and Hao, 2012). Transportation and industrial activities in
Manchester cities of India (i.e., Ahmedabad) and Pakistan (i.e., Faisalabad) along with other
metropolitans are the major sources of anthropogenic emissions, resulting in environmental
pollution (Farooqi et al., 2020; Niaz et al., 2015; Qadeer et al., 2020). According to real-time
standard air quality index (US-EPA 2016 standard), Bangladesh country accounted as rank 1% in
the list of most polluted countries followed by Pakistan (2"%), and India (ranked 5™). In the list of
World most polluted cities, most of the top 30 polluted cities come across the South Asia
especially in India, Pakistan and China (Beig et al., 2020; Conticini et al., 2020; Gao et al., 2020;
Maji, 2020; Mathur et al., 2020; Yousefian and Nadafi, 2020). The reasons behind the air
pollution across these countries is not limited to only low literacy rate, lack of awareness, dense
population, and industrial activities, but also the use of low quality fuel, burning of waste
material and less use of advance recycling technologies (Kannan et al., 2020; Patel et al., 2020).
Nitrogen Dioxide (NOy) is mainly emitted from anthropogenic emissions e.g., fuel combustion in
traffic and industrial sectors are the main source of NO, emission. Lippmann and Leikauf, (2020)
reported that, human exposure in excessive NO, environment for long and short term might surge
the impermanence rate. Shang et al., (2020) and Yang et al., (2020) revealed that environment
polluted with excess NO, may cause cellular inflammation, severe respiratory problem and
bronchial hyper responsiveness. WHO reported that every year more than 4.62 million people
died globally due to poor air quality standards. Similarly aerosol particles not only directly
induced from anthropogenic and natural sources, but are also formed through various physic-
chemical processes in the atmosphere (Seinfeld and Pandis, 2016). Majority of the aerosols
formed in Indo-Pak regions are associated with anthropogenic emissions such as vehicles, coal-
fired power plants, industrial sources, burning in agriculture farms (Guo et al., 2017). Several
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legislations have been implemented over the past several years to reduce the air pollution,
however the current air pollution level is still exceeding the WHO Air Quality standards over
most major metropolitan cities.

However, an outbreak of COVID-19 which starts in late Dec, 2019 and later on it spreads
quickly to many other countries (212 countries and territories) over the world and turned into
global pandemic (Ferretti et al., 2020; Givi et al., 2020; Mittal et al., 2020; Organization, 2020;
Rana et al., 2020). After observing the situation about COVID-19, the World Health
Organization (WHO) declared health emergency on January 30, 2020 worldwide (Sohrabi et al.,
2020). Many countries started to follow the precautionary measurses, while with the
implementation of lockdown situation the major human activities e.g., culture and education and
industrial manufacturing sectors were constrained globally (NASA, 2020; Tosepu et al., 2020) to
prevent the further spread of COVID-19 (Narayanan and Saha, 2020; Paital et al., 2020). In a
lock down situation, transport, industrial and manufacturing sectors were effected badly and
demand of fuel is reduced drastically, which cut down the oil prices sharply (Devi, 2020;
Fernandes, 2020). No doubt, the strict lockdown measures have severely posed negative impacts
on the social, human health and economic fronts globally (ESA, 2020), but on other way,
positive affections were also observed in the reduction of air pollution (Wright, 2020). For
example, Ozone Monitoring Instrument (OMI) and Tropospheric Monitoring Instrument
(TROPOMI) were recently launched to monitor the real-time air pollution across the globe, and
the observations revealed a significant reduction in airborne aerosol optical depth (AOD),
nitrogen dioxide (NO;) and PM2.5 concentrations coinciding with the strict quarantine measures
(Muhammad et al., 2020; Timmermann et al., 2020). So there is an important need to quantify the
effects of reduced regional anthropogenic aerosol emissions as well as NO, emissions over the
Indo-Pak region during COVID-19 epidemic lockdown.

This study made an attempt to to investigate the changes in anthropogenic aerosol
emissions as well as NO, emissions in response to COVID-19 pandemic lockdown across the
Indo-Pak region. Tropospheric NO, data was taken from multi missions Ozone Monitoring
Instrument (OMI)) and aerosol optical depth (AOD) from The Moderate Resolution Imaging
Spectroradiometer (MODIS) aboard NASA's Terra sensor from Jan-May (2020) and compared
with past several years avegage (2015-2019) for same time frame. The Indo-Pak region is
geographically located in South Central Asia and mainly comprises of two main countries,
Pakistan and India (Figure S1). In total, five main cities, Karachi (Pak), Lahore, (Pak), New
Delhi (IND), Ahmadabad (IND) and Chennai (IND) are chosen for this study to investigate the
changes in air pollution during COVID-19 pandemic situation.

3. Data collecton and methodology

Satellites in space provide global observations of air pollutants, i.e. aerosol optical depth (AOD)
and tropospheric NO; emissions for air quality monitoring over the Earth’s planet. The Moderate
Resolution Imaging Spectroradiometer (MODIS) aboard NASA's Terra and Aqua satellites
provides dataset to monitor aerosol optical depth and size distribution of the ambient aerosol. In
this study latest record of daily aerosol optical depth (MODO08_D3) at 550 nm (AOD) of MODIS
aboard NASA's Terra sensor was acquired at 1° x 1° (Platnick et al., 2015). Ozone Monitoring
Instrument (OMI) onboard the NASA Aura satellite provides the NO, column density and
available from Oct, 2004 to present. In this study, daily average tropospheric NO;
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(OMNO2d.003) data was used due to improved algorithms and sensitivity of OMI for NO,
detection at lower atmosphere. The tropospheric NO, columns are retrieved from satellite
observations based the differential optical absorption spectroscopy (DOAS) technique within
405-465 nm (Eskes et al., 2003; Van et al., 2020). Moreover, detailed description about the
DOAS analysis and algorithm, data filtering, and quality control methods is available at
https://earthdata.nasa.gov/.

Daily tropospheric NO; and AOD data over the Indo-Pak regions was processed using
NASA Giovanni user interface publically available at https:/giovanni.gsfc.nasa.gov/giovanni/.
Giovanni is a web application that provides a simple, intuitive way to visualize, analyze, and
access earth science remote sensing data, particularly from satellites. Maps of NO, and AOD
were made from daily gridded data (Mar-May) averaged over the past years 2015-2019 and
compared with 2020 (befor and after lockdown). Anomaly changes in tropospheric NO, and
AOD were computed by mean of absolute difference (average over past years minus (-) 2020). In
order to investigate the tropospheric NO, variations over major cities, time-series plots of
tropospheric NO, were made by means of the 15-days average over the 1° x 1° grid box drawn
around the cities. NO, data from OMI sensor, over the major cities was extracted from NASA,
Goddard Space Flight Center (https://so2.gsfc.nasa.gov/no2/no2_index.html). Moreover, recent
imageries of NO, and AOD released by NASA were also used to investigate the variations in air
pollution before and after lockdown period across the Indo-Pak region. Mobility trend of
different human activities was tracked from Google reports from Mar-May 2020 to understand
the anthropogenic changes caused by pandemic lockdown. Table S1 describes the detail of
datasets used in this study. Geospatial statistical correlation between AOD and NO, was also
analyzed in ArcGIS to highlight the impacts of air pollution on aerosol optical depth.

4. Results and Discussion
4.1 COVID-19 and lockdown scenarios in Indo-Pak

Outbreak of COVID-19 started in India and Pakistan after 15 March and few cases were detected
but after 1% April, 2020, COVID-19 spread with faster rate over the Indo-Pak (Pakistan and
India). Daily time series of COVID-19 cases, number of death and recovered since the epidemic
began, as well as the mobility index of different human activities over the Indo-Pak region is
being explained in Figure 1. (WHO, 2020). Until now, the number of case has reached to >
85,000 (Pakistan) and > 212,999 (India) until 4™ June, 2020 (WHO) (Figure 1a). All activities
including transport, industries, social places and educational sectors were running normally until
27 Mar 2020, but after situation getting worse Government authorities in both countries declared
stick lockdown for citizens and stopped all human activities to minimize the fast transmission of
the COVID-19. The mobility index data of different human activities (Retail/recreations,
grocery/ pharmacy, work places, transit stations and residential) clearly indicated that after stick
lockdown measures the mobility trends of human activates e.g., retail and recreations trend has
reduced to 80-90 % over India and 60-70 % over Pakistan, while the trend in residential has
gradually increased by 30-35 % over India and 25-28 % over Pakistan (Figure 1b). Mobility
trend at work places (industries, colleges and social places) as well as public transport has also
reduced with a great magnitude since the epidemic began.
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Figure 1. Daily time series of (a) COVID-19 cases, number of death and recovered, and (b) Mobility index of
different human activities over the Indo-Pak region since the epidemic began.

4.2 Tropospheric NO, changes over Indo-Pak

Strict lockdown measures adapted during the COVID-19 epidemic have decreased the power
generation, energy consumption and lower the oil demand and consequently have posed
significant positive implications on ecosystem (Sulaman et al., 2020). Figure 2a illustrated the
variations in monthly NO; emissions during 2020 lockdown compared to past years’ average
(2015-2019) over Indo-Pak region. The images in the 1st column show the NO, emission (Mar-
May) averaged over baseline 2015-2019; images in 2" column show the NO, emission (Mar-
May) during 2020 lockdown while images in 3" column show anomaly changes in 2020 with
respect to baseline period 2015-2019. It was seen that value NO, emissions were much higher in
Mar, 2020 over the East Indian region as ~ 15x10™ molecules/cm® comperative to baseline
period. However NO, level has reduced to greater extend in 2020 lockdown especially from
Apr-May compared to baseline 2015-2019 (Apr-May). Moreover, Figure 2b shown the time
series of daily NO, emissions extracted during 2020 (before and after lockdown) and compared
with baseline period (2015-2019) over Indo-Pak. It was observed that running mean of NO;
value during 1Jan-20Mar, 2020 (before lockdown) is coinciding in fluctuation trend with average
time series of 2015-2019. While during lockdown (20 Mar — 30 Apr, 2020), time series of mean
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184  NO, emission over the Indo-Pak is moving with lower running mean value compared to 2015-
185  2019.
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187  Figure 2. Variations in troposphere NO2 level (a) monthly tropospheric NO2 in 2020 compared
188  to past years’ average (2015-2019), and (b) daily time series of NO2 in 2020 compared to past
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years’ average (2015-2019) over India and Pakistan in 2020 : (NO; level represents in 10"
molecules/cm?).

From Figure 2b, it was also seen that anomaly changes in NO, emission during Jan-Mar
2020 (before lockdown) showing positive trend indicating the high emissions from industrial and
transport activities compared to past years. While anomaly changes in NO, emission during Mar-
May 2020 (after lockdown) showing negative trend after strict lockdown measures due to
reduction in industrial and transport emissions. New satellite images released by the European
Union Copernicus programme from the Copernicus Sentinel-5P satellite, also revealed that NO,
emission has dropped ~40-50% in Mar- Apr 2020 compared to same time-frame in last year
over the Indo-Pak (ESA, 2020). Recent improvements in air quality are associated with less
consumption of fossil fuels during strict quarantine measures adapted across the countries (ESA,
2020; Wang and Su, 2020). Sharma et al., (2020) also reported that NO, emission has dropped
over the India during Mar-Apr 2020 compared to past years average due to restricted emission
from anthropogenic activities. Air Quality Space Observation Laboratory from NASA reported
that the power generation over Indo-Pak region has reduced to 10-25% during pandemic
lockdown period compared to past years in the same time frame (NASA, 2020).

Mar 20, Baseline (2015-2019)  Apr 20, Baseline (2015-2019) May 20, Baseline (2015-2019) Ahmedabad Mar 20, 2020 Ahmedabad Apr 20, 2020 Ahmedabad May 20, 2020
26N N S ol —
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Figure 3. Changes in NO; emission in Apr, 2020 compared to the average of baseline 2015-2019
over the five major cities in Indo-Pak region: (NO, level represents in 10" molecules/cm?).

Moreover this study, also analyzed spatio-temporal variations of NO, emission from
Mar-May, 2020 compared to the average of same time-frame in baseline period (2015-2019)
over the five main cities (Karachi, Lahore, New Delhi, Ahmadabad, and Chennai) in Indo-Pak
(Figure 3). images displayed in first three columns illustrate the NO, emission in baseline period
(2015-2019) for Mar, Apr and May while next three columns illustrate the images for 2020
during Mar, Apr and May. Evidence from these data indicates dramatic reduction in
NO; emission during 2020 especially during the strict lockdown (Apr-May) when compared with
baseline data over all cities. For example, NO, emission over the New Ahmadabad (IND) was
~5x10" molecules/cm? during Mar-May in past years average (2015-2019) while it has dropped
to < 2.5 x10™ molecules/cm? in 2020 (Figure 3). The updated evidences from NASA (National
Aeronautics and Space Administration) and ESA (European Space Agency) and from other
researches have stated that, air pollution has significantly reduce over the metropolitan and
industrialized regions from last several weeks (ESA, 2020; Nakada and Urban, 2020; NASA,
2020) due to strict lockdown measures adapted during epidemic (Chauhan and Singh, 2020;
Sulaman et al., 2020). Table S2 revealed percentage changes in NO; level over major cities of
Indo-Pak regions in 2020 during different lockdown scenarios compared to baseline period
(2015-2019). Its negative values represented the level of NO, emission dropped in April-2020
compared to past years (2015-2019). For example, a significant reduction in NO, emission was
counted to ~ 19-35 % over Ahmadabad, 27-52 % over New Delhi, and 32-42 % over Chennai,
28-34 % over Karachi and 29-52 % over Lahore during 15 Mar — 31May, 2020 (lockdown)
compared to past years. New data from the Copernicus Sentinel-5P satellite also revealed ~40-
50% reduction in NO, emission over major cities across India (ESA, 2020).

Figure 4 illustrated the time series extracted over the 1° x 1° grid box drawn around the
cities and indicates mean NO, emission and anomaly changes in 2020 compared to baseline
average 2015-2019. Evidence from these results demonstrated that before lockdown (1 Jan — 15
Mar) running mean and anomaly time series is coinciding with average of 2015-2019 in a
fluctuation trend. However after lockdown (15 Mar - Apr), mean NO, and anomaly values has
dropped and running with lower values compared to average of 2015-2019 time series. It was
seen that during first 10 week of 2020, the NO, emission is increasing compared to past years
due to more industrial development and more emissions from transports while after the 10" week
of 2020 NO; level is declining and reached to the lowest value of past 5 years average. Mahato et
al., (2020) has also reported that as a result of restricted anthropogenic emissions, the level of
NO, has drastically slowed down just within few days during the lockdown period across the
major cities of India. Some scientists reported that due to delcline in air pollution level the sky
over the most polluted city (e.g., New Delhi) is clearly visible than before (Kohli, 2020; Wright,
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2020). Restricted use of fossil fuels in transportation and in the industrial sectors during the
pandemic lockdown has significantly improved the air quality from 40-54 % over the Indo-Pak
region (Mahato et al., 2020). Dahiya and Butt from Centre for Research on Energy and Clean Air
also reported that air pollution levels across main cities of Pakistan has also dropped drastically
due to less fossil fuel consumption in transportation, industries and power plants in result of
nationwide lockdown. The average drop in NO, emission over the major cities such as Mumbai,
Pune and Ahmedabad was 40-49% during March 2020 (during the lockdown) when compared
with March 2019 (Wright, 2020) which is consistent with less emission of effluents due to
shutdown of industrial activities (Gandhiok, 2020).
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Figure 4. Daily time series of 15 days moving average of NO, emission and anomaly changes in
2020 compared to the baseline period 2015-2019 across the five major cities.

4.3 Airborne Aerosol Optical Depth (AOD) over Indo-Pak

Every year, aerosols released from human induced sources and contribute to unhealthy levels
of air pollution over major cities in Indo-Pak (Murari et al., 2015). Higher value of aerosols
optical depth of 1 or above indicates very hazy conditions while its value less than 0.1 over the
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entire atmospheric vertical column is considered “clean”. Figure S2 depicted the recent images
of AOD relaeased by NASA reported a reduction in aerosol optical depth over the Indo-Pak
region during Mar —April 2020 (after lockdown) when compared with past years 2016 — 2019
(before lockdown) (NASA, 2020). It could be seen that AOD has reduced to greater extent in
2020 compared to past years especially at North Indo-Gangetic Plain. In this study, daily and
monthly time series of aerosol optical depth (AOD) were retrieved from the MODIS on NASA’s
Terra satellite and processed through NASA Giovanni user interface from I Jan — 30 May, 2020,
and compared with past years (2015-2019) average.
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Figure 5. Changes in aerosol optical depth (AOD) in 2020 compared to past years average (a)
monthly spatio-temporal changes in AOD during 2020 compared to baseline (2015-2019), and
(b) daily AOD area avaged time series in 2020 compared to baseline (2015-2019) over Indo-Pak
Gangetic Plain.

Spatial changes in aerosol particle depth during Feb-May, 2020 (lockdown period) were
investigated and compared with past years average (2015-2019) (before lockdown), over Indo-
Pak Gangetic Plain (Figure 5a). AOD maps clearly depicted that its spatial extent and magnitude
is much higher over Indoian Gangetic Plain compared to Pakistan which can be explained by
higher cost of transport emissions, and climate variations. It was seen that average monthly
AOD during Feb-Mar 2020 is largely consistent with last year’s average (2015-2019) in same
time-frame. However mean AOD of Apr-May, 2020 has reduced with a greater extend when
compared with baseline (2016-2019). Reduction in AOD is consistent with epidemic lockdown
due to less emission of particles (such as nitrogen, sulfates) from human induced activities.
However huge reduction of about 45 % in AOD has foreseen over northern Indo-Pak Gangetic
Plain in Apr, 2020 compared to past years average. Time series of daily aerosol optical
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(AOD_550nm) averaged over Indo-Pak is shown in Figure 5b. It can be seen that AOD level is
increasing during the first 11 weeks of 2020 compared to baseline period while after 11™ week
(during the lockdown) it started to decline and reached to lowest observation on the date in
MODIS record, due to less emission of particles from anthropogenic sources. NASA scientist at
Marshall Space Flight Center “Pawan Gupta” from University of Space Research Association
(USRA) claimed that, he never seen dramatic reduction in aerosol over the Indo-Pak Gangetic
Plain during Mar-Apr, 2020, when compared with same time-frame over the past years average
(NASA, 2020). According to Pawan Gupta, aerosol particle depth in northern plain was recorded
as lowest in April, compared to past 20 years observations of MODIS (NASA, 2020). Majority
of the aerosols formed in Indo-Pak regions are associated with anthropogenic emissions such as
vehicles, coal-fired power plants, industrial sources, burning in agriculture farms (Guo et al.,
2017). However, restricted use of fossil fuels in transportation and industrial sectors during the
pandemic lockdown has decreased the emissions sources of airborne particles in atmosphere,
(Mahato et al., 2020) subsequently air pollution across the countries has drastically slowed down
just within few days (Isaifan, 2020; Sharma et al., 2020).

Geospatial statistical correlation between daily changes aerosol optical depth and NO;
was investigated to analyze the possible relationship between bother variables. Figure S3
illustrated the spatial correlation between AOD and NO; as well as time series correlation over
the Indo-Pak region. It was seen that high negative spatial correlation exists between AOD and
NO; emission over some region in south side of India, however in most of the regions spatial
correlation was found to be positive in range of 0.23-0.50 especually over the Indo-Pak Gangetic
Plain. The positive correlation depicted that a decrease in AOD may be exapnined by reduction
in NO, to some extents. Overall correlation between AOD and NO, was found tobe 0.32 over the
Indo-Pak region which illustrates that reduction in both variables may link to each other over the
study region.

5. Conclusions

After an outbreak of novel infectious disease (COVID-19) which started at the end of 2019, later
on it turned into a global pandemic and spread across 212 countries over the world. Many
countries across the World went to strict lockdown measures which have been implemented by
government authorities to reduce the further spread of disease infections. In this study, the effects
of restricted human activities since mid -March of 2020 were highlighted on changes in air
pollution across the Indo-Pak region. Comparison of space observations from last couple of years
with current data helps to understand the potential effect of precautionary measures on
environment during the lockdown period. Result of this study revealed that huge drop in air
pollution was accounted as 40-50% in NO2 emission and 45 % in aerosol particle thickness over
the whole Indo-Pak region. Moreover, all the major cities across the region also have shown the
significant reduction in NO2 emission as ~ 19-35 % over Ahmadabad, 27-52 % over New Delhi,
and 32-42 % over Chennai, 28-34 % over Karachi and 29-52 % over Lahore during 15 Mar —
31May, 2020 (lockdown) compared to past years. Significant correlation between AOD and NO2
further implies that changes in AOD may be proxies to reduction in trace gasses to some extents.
Morover this study suggested that the reduction in aerosol particle thickness and NO, emission is
associated with less consumption of fossil fuels during COVID-19 pandemic situation.

Author Contributions



330
331
332

333

334

335

336
337
338
339
340
341
342
343
344
345

346

347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366

Geophysical Research Letters

A. Arshad, S. Hussain, F. Saleem and M. Shafeeque: Conceive the idea, Investigation, Data
curation, Software, Visualization, Writing-original draft. M. Shafeeque, S. N. Khan, M. S.
Wagqas and F. Saleem: Writing, review & editing, Proof reading and article formatting.

Declaration of competing interest
The authors declare no conflict of interest.

Acknowledgement

We are grateful to NASA for their great efforts to make the data available for present studies
presented. The first, third and fourth authors are very thankful to CAS-TWAS President’s
Fellowship  Program  (https:/twas.org/opportunity/cas-twas-presidentsphdfellowship-programme)  for
providing financial support for this project as well for Ph.D studies. The tropospheric NO2
(OMNO2d.003) data of OMI sensor and aerosol optical depth (MODO08_D3) at 550 nm (AOD)
of MODIS aboard NASA's Terra sensor used in this study were collected from
https://disc.gsfc.nasa.gov/datasets and analysis were performed by using NASA Giovanni user
interface (v4.34) https://giovanni.gsfc.nasa.gov/giovanni/. Moreover the daily time series of
tropospheric NO2 over the major cities was accessed from NASA Atmospheric Chemistry and

Dynamic Labortary (Code614) available at https://so2.gsfc.nasa.gov/no2/no2_index.html.

References

Beig G, Sahu SK, Singh V, Tikle S, Sobhana SB, Gargeva P, et al. Objective evaluation of stubble
emission of North India and quantifying its impact on air quality of Delhi. Science of The Total
Environment 2020; 709: 136126.

Chauhan A, Singh RP. Decline in PM2. 5 Concentrations over Major Cities Around the World Associated
with COVID-19. Environmental Research 2020: 109634.

Conticini E, Frediani B, Caro D. Can atmospheric pollution be considered a co-factor in extremely high
level of SARS-CoV-2 lethality in Northern Italy? Environmental Pollution 2020: 114465.

Devi S. Travel restrictions hampering COVID-19 response. The Lancet 2020; 395: 1331-1332.

Dhar S, Shukla PR. Low carbon scenarios for transport in India: Co-benefits analysis. Energy Policy
2015; 81: 186-198.

ESA. European Space Agency. doi.https://www.esa.int/Applications/Observing the Earth/Copernicus/
Sentinel-5P 2020.

Eskes, H. J., and K. F. Boersma. "Averaging kernels for DOAS total-column satellite retrievals.” (2003).

Faroogi ZUR, Sabir M, Latif J, Aslam Z, Ahmad HR, Ahmad I, et al. Assessment of noise pollution and
its effects on human health in industrial hub of Pakistan. Environmental Science and Pollution
Research 2020; 27: 2819-2828.

Fernandes N. Economic effects of coronavirus outbreak (COVID-19) on the world economy. Available at
SSRN 3557504 2020.

Ferretti L, Wymant C, Kendall M, Zhao L, Nurtay A, Abeler-Dérner L, et al. Quantifying SARS-CoV-2
transmission suggests epidemic control with digital contact tracing. Science 2020.



https://twas.org/opportunity/cas-twas-presidentsphdfellowship-
https://disc.gsfc.nasa.gov/datasets
http://giovanni.gsfc.nasa.gov/
https://giovanni.gsfc.nasa.gov/giovanni/
https://so2.gsfc.nasa.gov/no2/no2_index.html
https://www.esa.int/Applications/Observing_the_Earth/Copernicus/

367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416

Geophysical Research Letters

Fullerton DG, Bruce N, Gordon SB. Indoor air pollution from biomass fuel smoke is a major health
concern in the developing world. Transactions of the Royal Society of Tropical Medicine and
Hygiene 2008; 102: 843-851.

Gandhiok J. Delhi: factories shut, Yamuna water sparkles. https://m.timesofindia.com/ city/delhi/delhi-
factories-shut-yamuna-water-sparkles/amp_articleshow/74988548.
cmst#referrer=https%3A%2F%2Fwww.google.com&amp tf=From%20%251%24s. 2020.

Gao M, Gao J, Zhu B, Kumar R, Lu X, Song S, et al. Ozone pollution over China and India: seasonality
and sources. Atmospheric Chemistry & Physics 2020; 20.

Givi B, Schiff BA, Chinn SB, Clayburgh D, lyer NG, Jalisi S, et al. Safety recommendations for
evaluation and surgery of the head and neck during the COVID-19 pandemic. JAMA
Otolaryngology—Head & Neck Surgery 2020.

Gordon SB, Bruce NG, Grigg J, Hibberd PL, Kurmi OP, Lam K-bH, et al. Respiratory risks from
household air pollution in low and middle income countries. The Lancet Respiratory Medicine
2014; 2: 823-860.

Gul N. Enhancing Indo-Pak trade perspectives from Pakistan. Institute of Peace and Conflict Studies
20009.

Guo H, Kota SH, Sahu SK, Hu J, Ying Q, Gao A, et al. Source apportionment of PM2. 5 in North India
using source-oriented air quality models. Environmental Pollution 2017; 231: 426-436.

Hussain S, Malikb S, Cheemac MJM, Ashrafd MU, Wagase MS, Igbalf MM, et al. AN OVERVIEW ON
EMERGING WATER SCARCITY CHALLANGE IN PAKISTAN, ITS CONSUMPTION,
CAUSES, IMPACTS AND REMEDIAL MEASURES. Big data in water resources engineering
(BDWRE) 2020; 1: 22-31.

Hussain S, Masud Cheema MJ, Arshad M, Ahmad A, Latif MA, Ashraf S, et al. Spray uniformity testing
of unmanned aerial spraying system for precise agro-chemical applications. Pakistan Journal of
Agricultural Sciences 2019; 56.

Igbal MM, Shoaib M, Agwanda P, Lee JL. Modeling approach for water-quality management to control
pollution concentration: A case study of Ravi River, Punjab, Pakistan. Water 2018a; 10: 1068.

Igbal MM, Shoaib M, Agwanda PO. The Response of Pollution Load from Coastal River Waterfront on
Red Tides in South Sea. Journal of Coastal Research 2019; 91: 231-235.

Igbal MM, Shoaib M, Farid HU, Lee JL. Assessment of water quality profile using numerical modeling
approach in major climate classes of Asia. International journal of environmental research and
public health 2018b; 15: 2258.

Isaifan R. The dramatic impact of Coronavirus outbreak on air quality: Has it saved as much as it has
killed so far? Global Journal of Environmental Science and Management 2020; 6: 275-288.

Kannan U, Prashanth SK, Maliyekkal SM. Measurement, Analysis, and Remediation of Biological
Pollutants in Water. Measurement, Analysis and Remediation of Environmental Pollutants.
Springer, 2020, pp. 211-243.

Kohli A. Because of no pollution I can see... hilarious trend takes over Twitter. After pictures of the
Dhauladhar mountain range went viral, Twitter users began posting about all the other things they
could see from their own homes. https://www. hindustantimes.com/it-s-viral/because-of-no-
pollution-i-can-see-hilarious-trendtakes-  over twitter/story-CykQiSGIY7stGJ1AeU2ksL.html
(retrieved on 23.042020). 2020.

Lippmann M, Leikauf GD. Environmental toxicants: human exposures and their health effects: John
Wiley & Sons, 2020.

Mahato S, Pal S, Ghosh KG. Effect of lockdown amid COVID-19 pandemic on air quality of the
megacity Delhi, India. Science of The Total Environment 2020: 139086.

Maji KJ. Substantial changes in PM2. 5 pollution and corresponding premature deaths across China
during 2015-2019: A model prospective. Science of The Total Environment 2020: 138838.

Malik S, Hussain S, Wagas MS. Effect Of Water Quality And Different Meals On Growth Of Catla Catla
And Labeo Rohita. Big Data In Water Resources Engineering (BDWRE) 2020; 1: 4-8.



https://m.timesofindia.com/
file:///F:/Study%20Data/Saddam%20Project/AAQR%20Journal/www.google.com&amp_tf=From%20%251$s
https://www/

417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467

Geophysical Research Letters

Mathur BH, Sudheer GK, Sanchana M, Boddu C, Aravinth J. High Resolution Air Pollution Mapping
using Wireless Sensor Nodes. 2020 6th International Conference on Advanced Computing and
Communication Systems (ICACCS). IEEE, 2020, pp. 430-435.

Mittal R, Ni R, Seo J-H. The flow physics of COVID-19. Journal of Fluid Mechanics 2020; 894.

Muhammad S, Long X, Salman M. COVID-19 pandemic and environmental pollution: A blessing in
disguise? Science of The Total Environment 2020: 138820.

Murari V, Kumar M, Barman S, Banerjee T. Temporal variability of MODIS aerosol optical depth and
chemical characterization of airborne particulates in Varanasi, India. Environmental Science and
Pollution Research 2015; 22: 1329-1343.

Nakada LYK, Urban RC. COVID-19 pandemic: Impacts on the air quality during the partial lockdown in
Séo Paulo state, Brazil. Science of The Total Environment 2020: 139087.

Narayanan S, Saha S. Urban food markets and the lockdown in India. Indira Gandhi Institute of
Development Research, Mumbai, India, 2020.

NASA. National Aeronautics and Space Administration. https://earthobservatory.nasa.gov/images.
2020.

Niaz Y, Jiti Z, Zhang Y. Influence of automotive emission on air pollution using GIS in Faisalabad,
Pakistan. International journal of agricultural and biological engineering 2015; 8: 111-116.
Organization WH. Getting your workplace ready for COVID-19: How COVID-19 spreads, 19 March

2020. World Health Organization, 2020.

Paital B, Das K, Parida SK. Inter nation social lockdown versus medical care against COVID-19, a mild
environmental insight with special reference to India. Science of The Total Environment 2020:
138914,

Patel N, Khan M, Shahane S, Rai D, Chauhan D, Kant C, et al. Emerging Pollutants in Aquatic Environment:
Source, Effect, and Challenges in Biomonitoring and Bioremediation-A Review. Pollution 2020; 6: 99-113.
Platnick, S., Hubanks, P., Meyer, K., King, M., 2015. MOD08_M3 MODIS/Terra Aeroso Cloud Water
Vapor Ozone Monthly L3 Global 1Deg CMG. https://doi.org/10.5067/ MODIS/MOD08_M3.006

Qadeer A, Sagib ZA, Ajmal Z, Xing C, Khalil SK, Usman M, et al. Concentrations, pollution indices and
health risk assessment of heavy metals in road dust from two urbanized cities of Pakistan:
Comparing two sampling methods for heavy metals concentration. Sustainable Cities and Society
2020; 53: 101959.

Rana W, Mukhtar S, Mukhtar S. Mental health of medical workers in Pakistan during the pandemic
COVID-19 outbreak. Asian journal of psychiatry 2020.

Salam M, Cheema MJM, Zhang W, Hussain S, Khan A, Bilal M, et al. Groundwater storage change
estimation using grace satellite data in Indus Basin. Big data in water resources engineering
(BDWRE) 2020; 1: 13-18.

Seinfeld JH, Pandis SN. Atmospheric chemistry and physics: from air pollution to climate change: John
Wiley & Sons, 2016.

Shang L, Yang L, Yang W, Huang L, Qi C, Yang Z, et al. Effects of prenatal exposure to NO2 on
children’s neurodevelopment: a systematic review and meta-analysis. Environmental science and
pollution research international 2020.

Sharma S, Zhang M, Gao J, Zhang H, Kota SH. Effect of restricted emissions during COVID-19 on air
quality in India. Science of The Total Environment 2020; 728: 138878.

Sohrabi C, Alsafi Z, O’Neill N, Khan M, Kerwan A, Al-Jabir A, et al. World Health Organization
declares global emergency: A review of the 2019 novel coronavirus (COVID-19). International
Journal of Surgery 2020.

Sulaman M, Long X, Salman M. COVID-19 pandemic and environmental pollution: A blessing in
disguise? Science of The Total Environment 2020: 138820.

Timmermann, A., Lee, S. S, Chu, J. E,, Chung, E. S., & Lee, J. Y. (2020). COVID-19-related drop in
anthropogenic aerosol emissions in China and corresponding cloud and climate effects.

Tosepu R, Gunawan J, Effendy DS, Lestari H, Bahar H, Asfian P. Correlation between weather and
Covid-19 pandemic in Jakarta, Indonesia. Science of The Total Environment 2020: 138436.



https://earthobservatory.nasa.gov/images

468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483

484
485

Geophysical Research Letters

Van Geffen, J.; Boersma, K.F.; Eskes, H.; Sneep, M.; ter Linden, M.; Zara, M.; Veefkind, J.P. S5P TROPOMI NO2
slant column retrieval: method, stability, uncertainties and comparisons with OMI. Atmos. Meas. Tech.
2020, 13, 1315-1335

Wang Q, Su M. A preliminary assessment of the impact of COVID-19 on environment-A case study of
China. Science of The Total Environment 2020: 138915.

Wang S, Hao J. Air quality management in China: Issues, challenges, and options. Journal of
Environmental Sciences 2012; 24: 2-13.

Wright R. The world's largest coronavirus lockdown is having a dramatic impact on pollution in India.
https://edition.cnn.com/2020/03/31/asia/coronavirus-lockdown-  impact-pollution-india-intl-
hnk/index.html (retrieved on 23.042020). 2020.

Yang N, Fu R, Chao Y, Liu H, Ma X. Quantitative assessment of environmental exposure of delivery
men in Wuhan. Archives of Environmental & Occupational Health 2020: 1-19.

Yousefian F, Nadafi K. An Appropriate Theoretical Model for Developing Ambient Air Quality Standard
in Iran Based on Standard Setting Approaches of Different Parts of the World. Journal of Health
2020; 10: 411-426.



https://edition.cnn.com/2020/03/31/asia/coronavirus-lockdown-

