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ABSTRACT

Moderate Resolution Imaging Spectroradiometer (MODIS) and Ozone Monitoring Instrument (OMI)
based data are used to evaluate the effects of the COVID-19 lockdown on the concentrations of pollutants
such as aerosol optical depth (AOD) and tropospheric columns of nitrogen dioxide (NO,) along with sulfur
dioxide (SO,) respectively for the period of January 2017 to September 2021 over the capital city of
Assam, Guwahati. In India lockdown due to COVID-19 was first imposed from 24th March to 14th
April as phase I and then it extended from 15th April to 3rd May as phase II in the year 2020. The con-
centration of all pollutants was usually fall during the lockdown period as compared to their average dur-
ing the 5-year period over the study area. The results showed that Pre-monsoon (March-May) seasonal
AOD for the pandemic year 2020 was decreased by ~ 23% after lockdown as compared to same season
of normal years over the study location. The seasonally averaged AOD reached its peak value in pre-
monsoon (0.78 + 0.09), followed by winter (0.59 + 0.10) and monsoon (0.52 + 0.05), with the minimum
taking place in post-monsoon (0.38 + 0.08) season. The monthly average AOD varies from its highest
value (0.82 + 0.18) in May to its lowest value (0.36 + 0.10) in October for the study period over
Guwahati. Tropospheric column NO, exhibits same seasonality as AOD with highest value (0.21 x 10'6-
molecules cm~2) in pre-monsoon and lowest value (0.13 x 10'® molecules cm~2) in post-monsoon sea-
son which may be due to same source of origination of both NO, and AOD. Conversely, SO, does not vary
much from the five-year average value during the lockdown period. Significant reduction in PM; 5 mass
concentration value during Covid-19 lockdown months has been observed which indicates short term
improvement of air quality over Guwahati.

Copyright © 2022 Elsevier Ltd. All rights reserved.
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1. Introduction

number continued to rise as days passed by and finally became a
matter of great concern. To impede the spread of COVID-19, the

The novel Coronavirus disease 2019 (COVID-19) affects many
countries and created unpredicted situations all over the world
since the first case has been reported on December 31, 2019 in
Wuhan, China. The World Health Organization (WHO) declared
the outbreak a Public Health Emergency of International Concern
on 30th January 2020, and a pandemic on 11th March 2020. The
COVID-19 virus spread in early 2020 that affected millions of peo-
ple around the world. India is among the various countries which
have been worst affected by this pandemic. In India, the first cases
of COVID-19 were reported on 30th January 2020 in Kerala, and the
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government of India had declared countrywide lockdown in a
phased manner viz. Phase I from 25th March to 14th April, Phase
Il from 15th April to 3rd May, Phase IIl from 4th-17th May, and
Phase IV from 18th-31st May 2020. Guwahati, as being the largest
city in North-East India has been worst affected by Coronavirus.
The first case of the COVID-19 pandemic in Assam was reported
on 31st March 2020. To control the rising number of COVID-19
cases in Guwahati, Assam Government imposed 14-days lockdown
in 11 wards covering main areas like Kamakhya, Maligaon, Fatasil,
Panbazar and Fancy Bazar etc. from 23rd June 2020 onwards. Due
to the rapid increase in the number of COVID-19 cases in the city,
the government announced a complete lockdown in Guwahati city
from 28th June 2020 till 12th July 2020. Later on, the government
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again announced further extension of lockdown by a week till 19th
July 2020. The lockdown was imposed very successfully through-
out the state wherein all educational, religious, transport, business,
political and entertainment activities were completely restricted
excluding essential services like medical and fire services were
kept operational and for the period. The impact of the lockdown
mostly on air quality has been examined by a large number of
researchers until now. The NO,, nitrogen dioxide (NO,), CO, sulfur
dioxide (SO,), Black Carbon (BC), PM (Particulate Matter) concen-
trations dipped significantly over Northeast India and its nearby
countries during COVID-19 lockdown period [1]. Significant
improvement of air quality over Delhi during the first phase of
COVID-19 lockdown with the maximum reduction (~30%) in finer
particulate concentration had been reported [2]. From the satellite
data-based assessment of air quality over five megacities (Delhi,
Mumbai, Bengaluru, Chennai and Kolkata) of India, a decrease in
NO, and SO, concentrations has been observed during the lock-
down period [3]. Significant correlation (0.66) between COVID-19
and PM, s emission had been reported [4] over India. On average
34% and 60% reduction in PM;s and NOy concentrations respec-
tively at different locations in India was reported [5]. Also, PM, 5

Jammu and Kashmir
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concentrations reduced by about 23%, 16%, 32%, and 28% in small,
medium, large and megacities of India respectively. This study is
aimed to determine whether the COVID-19 pandemic lockdown
imposed by the government have had an impact on local air quality
over Guwahati. The dynamics of the satellite based concentrations
of pollutants such as aerosol optical depth (AOD), tropospheric col-
umns of NO,, SO,, PM; 5 and BC were studied for the period of pre-
Covid to post-Covid year. The results of this research provide infor-
mation on how the lockdown due to COVID-19 pandemic can
improve short term air quality over a location.

2. Approach
2.1. Study region

The study location Guwahati (26.2°N, 91.7°E, 55 m above mean
sea level (AMSL)) is the largest and rapidly growing metropolitan
city of the state of Assam in North-Eastern region of India (NEI)
with an area of 216 sq. km (Fig. 1).

The NEI consists of eight states of Arunachal Pradesh, Assam,
Manipur, Meghalaya, Mizoram, Nagaland, Tripura, and Sikkim sit-

Guwahati

Andaman jgd Nicobar

¢

L)

Fig. 1. Map of India showing the study location Guwabhati (red circle) in North-East India. (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)
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uated at the transition between South and Southeast Asia. This is
the eastern-most region of India which covers an area of
255,168 km? with ~ 66% [6] of the total geographical area is being
covered by forest. The height of the region varies from 50 m above
mean sea level (AMSL) in the lower Brahmaputra region to a higher
height of 7,000 m AMSL of Himalaya [7]. Guwahati city lies
between the huge Brahmaputra river bank and the foothills of
the Shillong plateau. The southern, eastern and a part of the west-
ern side of Guwahati city area bounded by hills and hillocks
whereas in the north the powerful river the Brahmaputra flows
in north-east to south-west direction. The physical background of
this NEI region is mainly dominated by stony surface, alpine flora,
along with snow-capped high peaks where nearly 72% of the area
is under hilly environment. The region experiences biomass burn-
ing, especially as a part of shifting cultivation (slashes and burn
cultivation), locally known as Jhuming which is maximum in the
month of March-April-May months [8]. The study location is the
Gateway of NEI and a key centre of socio-cultural, industrial, trade
and business of the entire NE region. It is a
major metropolis of eastern India and is the fifth fastest-growing
city of India in terms of urbanization with population density
4,460 km~2 [9]. Guwahati metropolitan area and Guwahati munic-
ipal area had a population of 968,549, and 963,429 respectively as
per as the record from 2011 census. Based on the meteorological
condition of NEI region, Guwahati is divided into four seasons:
Winter (December, January, and February), Pre-monsoon (March,
April, and May), Monsoon (June, July, August, and September)
and Post-monsoon (October, and November) [8]. MERRA-2 Rainfall
data were used to check the rainfall pattern in Guwahati for the
period of January 2017 to May 2021. Highest rainfall is observed
in monsoon season over Guwahati (Fig. 2). A decreasing trend of
rainfall has been observed for the study period.

2.2. Data sources

The MODerate resolution Imaging Spectroradiometer (MODIS)
sensor onboard the NASA Earth Observing System (EOS) Aqua
satellite-based AOD data at 550 nm are used for the period of Jan-
uary 2017-September 2021 which has the facility to characterize
aerosols over global field[10]. MODIS is a NASA’s onboard twin

Materials Today: Proceedings 65 (2022) 2794-2800
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Fig. 3. Monthly variation in MODIS AOD at 550 nm for the period of June 2017 to
May 2021 over Guwahati.

satellites (Terra and Aqua) which perform near-global daily obser-
vations of aerosols with 36 spectral channels which includes visi-
ble to thermal infrared region. The everyday Level 3 data set of
AOD at 550 nm with quality assured Collection 6 data has
1° x 1° global resolutions [11]. For the current study, daily mean
level-3 collection-6 MODIS AOD data sets are downloaded from
the Giovanni web service (https://disc.sci.gsfc.nasa.gov/giovanni)
on a 1°x1° spatial resolution, centered at Guwahati. Ozone Moni-
toring Instrument (OMI) onboard NASA EOS Aura satellite-based
trace gases tropospheric columns of nitrogen dioxide (NO,) and
SO, column amount (Planetary Boundary Layer) data are used from
January 2017 to September 2021 over Guwahati. The OMI is a part
of the A-train satellite group [12] which has the remarkable benefit
of giving information on optical properties of aerosols by utilizing
large sensitivity to absorption of aerosol in the near-UV spectral
region [13]. Comparisons with in situ data propose that the OMI's
tropospheric NO, columns data have high biased (0-30%) which
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Fig. 2. Temporal variation of rainfall over Guwahati.for the period of June 2017 to May 2021 (solid straight line represents linear best fit).
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depends on the validation data set [14]. Daily mean OMI level-3
NO, and SO, data at a spatial resolution of 0.25° x 0.25° has been
used for this current study. The Modern-Era Retrospective analysis
for Research and Applications, Version 2 (MERRA-2) provides data
starting from 1980. To substitute the original MERRA dataset,
MERRA-2 was introduced due to the advances made in the assim-
ilation system that enable assimilation of modern hyper spectral
radiance as well as microwave observations, together with Global
Positioning System (GPS)-Radio Occultation datasets. MERRA-2 is
the first long-term global reanalysis to assimilate the space-
based observations of atmospheric aerosols and characterize their
connections with other physical processes in the climate system.
Ozone profile of NASA’s observations was used by it since late
2004. Both the Goddard Earth Observing System (GEOS) model
and the Gridpoint Statistical Interpolation (GSI) assimilation sys-
tem are incorporated in MERRA-2. Spatial resolution of MERRA-2
is about 50 km in the latitudinal direction which is nearly same
as in MERRA. PM,;s, BC and rainfall data were obtained from
MEERA-2 for the period of January 2017 to September 2021.

3. Results and discussion
3.1. Temporal variation of AOD

Daily mean MODIS Aqua AOD data at 550 nm are used for the
period of January 2017-September 2021 to examine the temporal
variation of it over Guwahati. The monthly variation of AOD is
shown in Fig. 3.

The vertical red line in the figure represents the standard vari-
ation of AOD. It is seen from the figure that the monthly average
AOD varies from its highest value (0.82 * 0.18) in May to its lowest
value (0.36 £ 0.10) in October over Guwahati. The seasonal varia-
tion of AOD at 550 nm over Guwahati is shown in Fig. 4. The sea-
sonally averaged AOD reached its peak value in pre-monsoon (0.
78 + 0.09), followed by winter (0.59 + 0.10) and monsoon (0.52 +
0.05), with the minimum taking place in post-monsoon (0.38 + 0.
08) season. The seasonal variation of AOD over Guwahati shows
peak value during pre-monsoon season due to the intense biomass
burning activities and dip in the post-monsoon season mostly due
to wash out of aerosols by rain in the previous months exclusive of
adequate substitute. Similar seasonal variation of AOD with maxi-
mum in the pre-monsoon (~0.45 + 0.05) and minimum in the post-
monsoon (~0.19 + 0.06) season over Dibrugarh for the period of
October 2001 to December 2007 had been reported [8].

1.0

0.8

0.6

0.4

AOD (550 nm)

0.2

0.0

Season

Fig. 4. Seasonal variation of AOD at 550 nm along with standard deviation for the
period June 2017 to May 2021 over Guwahati.

2797

Materials Today: Proceedings 65 (2022) 2794-2800

Table 1
Seasonal mean, standard deviation and co-efficient of variation of AOD at 550 nm for
the period June 2017 to May 2021over Guwabhati.

Season Average AOD (at Standard Coefficient of
550 nm) deviation variation (%)

Pre-monsoon 0.78 +0.09 11.54

Monsoon 0.52 +0.05 9.68

Post-monsoon 0.38 +0.08 20.86

Winter 0.59 +0.10 16.89

PM, . mass concentratuon (micro gramlms)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Fig. 5. Monthly variation in PM, 5 mass concentration for the period of June 2017 to
May 2021 over Guwabhati.

N w -~

BC mass concentration (micro gramlm’)
—_

0 1 1 1 1 1 1 1 1 1 1 1 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

Fig. 6. Monthly variation in black carbon mass concentration for the period of June
2017 to May 2021 over Guwahati.

Anthropogenic biomass burning is the main contributor of
atmospheric aerosols in the pre-monsoon season over Dibrugarh
[6]. Similar seasonality in AOD was reported with a peak in the
pre-monsoon and dip in the post-monsoon over nine locations in
NE India and its adjoining areas [15]. Longitudinal gradient in sea-
sonal aerosol distribution over NE India with higher AOD values in
the western part [9] (including Guwahati), which is mostly
attributed to the variability of source types and closeness to the
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Fig. 7. Pre-monsoonal variation in AOD in 550 nm for the period of June 2017 to
May 2021 over Guwabhati.

western influences through transportation [6,16,17] had been
reported. The seasonally averaged data of AOD, standard deviation,
and coefficient of variation (COV) (in %, calculated as (ratio of the
standard deviation to mean) x 100)) for the study period are
shown in Table 1.

Higher value of COV shows greater the level of dispersion
around the mean while lower value of it indicates more accurate
estimate. It is observed that variability in AOD in Guwabhati is quite
high in magnitude with the COV ranging from a minimum of 9.68%
in the monsoon season to a maximum of 20.86% in the post-
monsoon season.

3.2. Temporal variation of PM, s and BC

The Modern-Era Retrospective analysis for Research and Appli-
cations, Version 2 data were analysed to check the temporal
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Fig. 9. Monthly variation in PM,s and black carbon mass concentration for the
period of June 2017 to May 2021 over Guwahati.

variability particulate matter of size range less than 2.5 pm
(PM,5) and black carbon concentration for the period of January
2017 to September 2021.The annual variation of PM,s (Fig. 5)
shows highest value (15.26 * 4.67 pg/m®) during pre-monsoon
and lowest in post-monsoon (5.07 * 2.98 pg/m?) season.

Highest PM; s during pre-monsoon season over the study loca-
tion may be due to Jhum cultivation practice over the region and
lowest in post-monsoon season may be due to wash out of pollu-
tants during monsoon months. Positive co-relation between
PM,s and MODIS retrieved fire counts mostly associated with
the biomass burning activities over Dibrugarh [18] had been
reported. A seasonal variation in BC mass concentration mostly
happens over a location due to differences in the atmospheric
boundary layer depth with differences in sources of production
[19]. Peak value of BC (Fig. 6) is observed during winter (3.18 £ 0.
71 pg/m3) season due to enhancement indoor/outdoor burning
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Fig. 8. Daily variation in PM; s mass concentration from 23rd June to 19th July for the year 2017 to 2021 over Guwahati.
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Fig. 10. Monthly variation in NO, Tropospheric column and SO, column amount for
the period of June 2017 to May 2021 over Guwahati.

activities along with vehicular emissions and least in monsoon (1.
17 +0.16 pg/m>) season mainly due to wash out by rainfall. During
monsoon season the boundary layer height increases due to which
spread of the near surface pollutants including BC occurs. Increas-
ing boundary layer height and reducing local burning activity
results in decreasing the concentration level of BC aerosol particles.
Less rainfall along with continuous generation of BC that last
longer lifetime in atmosphere resulted in a stable raise in BC con-
centration level during the winter season. By using ground based
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instrument like Aethalometer, similar seasonal variation of mean
BC mass concentration had been found over Dibrugarh [19].

3.3. Variation in air pollutants during the lockdown period

To check the effect of lockdown on AOD, we have compared the
AOD for the month of March, April, and May from the year 2017 to
2021 over the study location (Fig. 7).

Pre-monsoon (March-May) seasonal AOD for the pandemic year
2020 was decreased by ~ 23% after lockdown as compared to same
season of normal years over Guwahati. To check the direct effect of
COVID-19 lockdown on local pollutant level, we have studied the
MEERA-2 hourly PM, s surface mass concentration data for the lock-
down period in Guwahati. Fig. 8 shows the daily PM, 5 concentration
variation from 23rd June to 19th July for the year 2017-2021. Almost
all the lockdown days in the year 2020 shows lower concentration
value as compared with those days of Pre-Covid and Post-Covid year.
The daily average PM, s concentration during lockdown period in
Guwabhati is nearly ~ 60.63% and ~ 54.37% less than that for the
Pre-Covid and Post-Covid period respectively which clearly shows
improvement of air quality over the study location.

The monthly variation of PM, 5, BC and NO, Tropospheric column
along with SO, column amount over Guwahati including Covid-19
lockdown period is shown in Fig. 9 and Fig. 10 respectively.

Significant reduction in PM, s mass concentration value during
Covid-19 lockdown months has been observed which indicates
short term improvement of air quality over Guwahati.
Tropospheric column NO, exhibits same seasonality as AOD with
highest value in pre-monsoon and lowest value in post-monsoon

Fig. 11. March month MODIS fire count map covering North East India from the year 2017 to 2021.
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season which may be due to same source of origination of both
NO, and AOD.

Both NO, and SO, show lower value during Covid-19 lockdown
months over Guwahati. A significant correlation between AOD and
tropospheric NO, (correlation coefficient of 0.8 and 0.6 respec-
tively) over Western and Eastern Europe has been reported [20]
which clearly indicates the sources that emit NOy also drive the
AOD. Sudden rise of PM; s value during March 2021 may be due
to increasing fire related activity during pre-monsoon over NE
Indian region (Fig. 11). Higher burning activity during pre-
monsoon season over North-East India is mainly due to wide-
spread biomass burning activity especially as a part of Jhum culti-
vation which involves burning of stretches of forests and growing a
number of crops after every 4-5 in this region [18].

Fire emissions contributed more than 1 pg/m3 of daily average
PM, s concentrations during more than 30% of days of fire season in
the western USA and northwestern Canada [21].

4. Summary and conclusion

The Covid-19 lockdown results considerable reduction of AOD,
PM, s and BC level over Guwahati. A main reason for this is due
to reduction of air pollutant from transportation, power plants,
industries, residential plus constructive activities, biomass burn-
ing, road dust etc. during the lockdown period. Pre-monsoon
(March-May) seasonal AOD for the pandemic year 2020 was
decreased by ~ 23% after lockdown as compared to same season
of normal years over Guwahati. The seasonally averaged AOD
reached its peak value in pre-monsoon (0.78 * 0.09), followed by
winter (0.59 £ 0.10) and monsoon (0.52 + 0.05), with the minimum
taking place in post-monsoon (0.38 * 0.08) season. The monthly
average AOD varies from its highest value (0.82 + 0.18) in May to
its lowest value (0.36 + 0.10) in October for the study period over
Guwabhati. Tropospheric column NO, exhibits same seasonality as
AOD with highest value (0.21 x 10'® molecules cm™2) in pre-
monsoon and lowest value (0.13 x 10'® molecules cm™2) in post-
monsoon season which may be due to same source of origination
of both NO, and AOD. Conversely, SO, does not vary much from
the five-year average value during the lockdown period. Higher
emission of SO, is mainly due to increase of the burning of fossil
fuels in power stations, oil refineries, cement, fertilizer, industries
etc. Less number of such types of emission sources near the study
location may be the reason due to which SO, column amount does
not affect much during Covid-19 lockdown period. The daily aver-
age PM, s concentration during lockdown period in Guwahati is
nearly ~ 60.63% and ~ 54.37% less than that for the Pre-Covid
and Post-Covid period respectively which clearly shows improve-
ment of air quality over the study location. Significant reduction
in PM,s mass concentration value during Covid-19 lockdown
months has been observed which indicates short term improve-
ment of air quality over Guwahati. Restriction of movements of
all types of vehicles along with shut down of industrial activities
resulted in decrease of atmospheric pollutants which clearly estab-
lishes the direct effect of anthropogenic on ambient air quality.

Declaration of Competing Interest
The authors declare that they have no known competing finan-

cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgment

Authors are thankful to Giovanni (https://giovanni.sci.
gsfc.nasa.gov/giovanni/) science data team for the data used in this

2800

Materials Today: Proceedings 65 (2022) 2794-2800

analysis. We also acknowledge the use of data products from the
NASA Terra and Aqua satellite missions. The authors are grateful
to the anonymous referees for their comments and suggestions
towards the improvement of this work.

References:

[1] B. Pathak, P.K. Bhuyan, A. Saikia, K. Bhuyan, P. Ajay, S.J. Nath, S.L. Bora, Impact

of lockdown due to COVID-19 outbreak on O3 and its precursor gases, PM and

BC over northeast India, Curr. Sci. 120 (2021) 2, https://doi.org/10.18520/cs/

v120/i2/322-331.

Pandey M, George MP, Gupta RK, Gusain D, Dwivedi A. Impact of COVID-19

induced lockdown and unlock down phases on the ambient air quality of Delhi,

capital city of India. Urban Climate 2021; 39: doi:/10.1016/j.
uclim.2021.100945.

Prakash S, Goswami M, Khan YDI, Nautiyal S. Environmental impact of COVID-

19 led lockdown: A satellite data-based assessment of air quality in Indian

megacities. Urban Climate 2021; 38: doi:/10.1016/j.uclim.2021.100900.

Sahu SK, Mangaraj P, Beig G, Tyagi B, Tikle S, Vinoj V. Establishing a link

between fine particulate matter (PM,s) and COVID -19 over India based on

anthropogenic emission sources and air quality data. Urban Climate 2021; 38:

doi:10.1016/j.uclim.2021.100883.

Gulia S, Nitin G, Mendiratta S,Biswas T, Goyal SK, Kumar R. COVID 19

Lockdown - Air Quality Reflections in Indian Cities. Aerosol Air Qual. Res. 2021;

21 (5), 1-13; doi:org/10.4209/aaqr.200308.

B. Pathak, T. Subba, P. Dahutia, P.K. Bhuyan, K.K. Moorthy, M.M. Gogoi, S.S.

Babu, L. Chutia, P. Ajay, ]. Biswas, C. Bharali, A. Borgohain, P. Dhar, A. Guha, B.K.

De, T. Banik, M. Chakraborty, S.S. Kundu, S. Sudhakar, S.B. Singh, Aerosol

characteristics in north-east India using ARFINET spectral optical depth

measurements, Atmos. Environ. 125 (2016) 461-473.

[7] K.R. Dikshit, ].K. Dikshit, North-East India: Land, Springer, People and Economy,
2014.

[8] M.M. Gogoi, K.K. Moorthy, S.S. Babu, P.K. Bhuyan, Climatology of columnar
aerosol properties and the influence of synoptic conditions: first-time results
from the northeastern region of India, J. Geophys. Res. 114 (2009) D08202.

[9] P. Dahutia, B. Pathak, P.K. Bhuyan, Aerosols characteristics, trends and their
climatic implications over Northeast India and adjoining South Asia, Int. J.
Climatol. 38 (3) (2018) 1234-1256.

[10] L.A. Remer, Y.J. Kaufman, D. Tanre, S. Mattoo, D.A. Chu, J.V. Martins, R.R. Li, C.
Ichoku, R.C. Levy, R.G. Kleidman, T.F. Eck, E. Vermote, B.N. Holben, The MODIS
aerosol algorithm, products and validation, ]J. Atmos. Sci. 62 (2005) 947-973.

[11] Levy RC, Mattoo S, Munchak LA, Remer LA, Sayer AM, Patadia F, Hsu NC. The
collection 6 MODIS aerosol products over land and ocean. Atmospheric
Measurement Techniques 2013; 6: 989-3034. Doi:org/10.5194/amt-6-2989-
2013.

[12] P.F. Levelt, E. Hilsenrath, G.W. Leppelmeier, G.H.J. van den Oord, P.K. Bhartia, J.
Tamminen, J.F. de Haan, ]J.P. Veefkind, Science objectives of the ozone
monitoring instrument, IEEE Trans. Geosci. Remote Sensing 44 (5) (2006)
1199-1208.

[13] C. Ahn, O. Torres, H. Jethva, Assessment of OMI near-UV aerosol optical depth
over land, J. Geophys. Res. Atmos. 119 (5) (2014) 2457-2473.

[14] L.N. Lamsal, R\V. Martin, A. van Donkelaar, E.A. Celarier, E.J. Bucsela, K.F.
Boersma, R. Dirksen, C. Luo, Y. Wang, Wang, Y Indirect validation of
tropospheric nitrogen dioxide retrieved from the OMI satellite instrument:
insight into the seasonal variation of nitrogen oxides at northern midlatitudes,
J. Geophys. Res. 115 (D5) (2010), https://doi.org/10.1029/2009]D013351.

[15] J. Biswas, B. Pathak, F. Patadia, P.K. Bhuyan, M.M. Gogoi, S.S. Babu, Satellite
retrieved direct radiative forcing of aerosols over North-East India and
adjoining areas: climatology and impact assessment, Int. J. Climatol. 37
(2017) 298-317.

[16] B. Pathak, A. Borgohain, P.K. Bhuyan, S.S. Kundu, S. Sudhakar, M.M. Gogoi, T.

Takemura, Spatial heterogeneity in near surface aerosol characteristics across

the Brahmaputra valley, J. Earth Syst. Sci. 123 (4) (2014) 651-663.

Gogoi MM, Babu SS, Moorthy KK, Bhuyan PK, Pathak B, Subba T, Chutia L,

Kundu SS, Bharali C, Borgohain A. Radiative effects of absorbing aerosols over

northeaste n India: Observations and model simulations. Journal of Geophysical

Research: Atmospheres 2017; 122, 1132-1157, do0i:10.1002/ 2016]D025592.

B. Pathak, P.K. Bhuyan, ]. Biswas, T. Takemura, Long term climatology of

particulate matter and associated microphysical and optical properties over

Dibrugarh, North-East India and inter-comparison with SPRINTARS

simulations, Atmos. Environ. 69 (2013) 334-344.

B. Pathak, G. Kalita, K. Bhuyan, P.K. Bhuyan, K.K. Moorthy, Aerosol temporal

characteristics and its impact on shortwave radiative forcing at a location in

the northeast of India, J. Geophys. Res. 115 (2010) D19204, https://doi.org/
10.1029/2009]D013462.

[20] J.P. Veefkind, K.F. Boersma, J. Wang, T. Kurosu, K. Chance, N.A. Krotkov, P.F.

Levelt, Global satellite analysis of the relation between aerosols and short-

lived trace gases, Atmos. Chem. Phys. 11 (2011) 1255-1267, https://doi.org/

10.5194/acp-11-1255-2011.

Alpizar RM, Pavlovic R, Moran MD, Chen ], Gravel S, Racine ], Duhamel A,

Gilbert S, Beaulieu PA, Ménard S, Landry H, Davignon D, Cousineau S, Bouchet

V. Multi-Year (2013-2016) PM,s Wildfire Pollution Exposure over North

America as Determined from Operational Air Quality Forecasts. Atmosphere

2017; 8:179; doi:10.3390/atmos8090179.

[2

3

[4

[5

[6

[17]

[18]

[19]

[21]


https://giovanni.sci.gsfc.nasa.gov/giovanni/
https://giovanni.sci.gsfc.nasa.gov/giovanni/
https://doi.org/10.18520/cs/v120/i2/322-331
https://doi.org/10.18520/cs/v120/i2/322-331
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0030
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0030
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0030
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0030
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0030
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0035
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0035
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0035
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0040
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0040
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0040
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0045
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0045
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0045
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0050
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0050
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0050
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0060
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0060
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0060
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0060
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0065
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0065
https://doi.org/10.1029/2009JD013351
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0075
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0075
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0075
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0075
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0080
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0080
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0080
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0090
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0090
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0090
http://refhub.elsevier.com/S2214-7853(22)04216-X/h0090
https://doi.org/10.1029/2009JD013462
https://doi.org/10.1029/2009JD013462
https://doi.org/10.5194/acp-11-1255-2011
https://doi.org/10.5194/acp-11-1255-2011

	Effects of COVID-19 pandemic lockdown: A satellite data-based appraisal of air quality in Guwahati, Assam
	1 Introduction
	2 Approach
	2.1 Study region
	2.2 Data sources

	3 Results and discussion
	3.1 Temporal variation of AOD
	3.2 Temporal variation of PM2.5 and BC
	3.3 Variation in air pollutants during the lockdown period

	4 Summary and conclusion
	Declaration of Competing Interest
	Acknowledgment
	References:


