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Changes in absorbing and composite aerosols over  
India during the first phase of lockdown are examined, 
using multi-satellite observations. While MODIS 
shows –16.17  1.35% reduction in AOD over the  
Indian landmass, OMI shows a decrease of –22.4  
1.36% (–26.2  1.17%) in AOD (AAOD). Considerable 
fraction of this AOD difference is contributed by the 
changes in aerosols at higher altitudes. While reduc-
tion in AOD of –38.05  1.06% (–39.4  1.12), –23.02  
2.63% (–17.08  2.12) and –18.98  2.86% (–28.38  
2.39%) is observed over IGP, Northwest and Southern 
Peninsula respectively from MODIS (OMI), enhance-
ment in AOD of 5.16  2.44% (6.82  2.86%) is seen 
over Centralwest India. Reduction in absorbing aero-
sols over IGP is –39.18  1.25%, whereas that over 
Southern Peninsula is –33.1  2.03%. These changes 
are significantly contributed by the changes in dust 
aerosols, in addition to the decrease in anthropogenic 
aerosols. Though there is a reduction in aerosol load-
ing, compared to previous years, gradual increase in 
AOD and AAOD is seen even during the lockdown  
period due to strengthening of dust transport. More-
over, the reduction in total (absorbing) aerosol load-
ing over India during the lockdown phase is only 20% 
(26%), with significant contribution from higher alti-
tudes, even in the absence of major anthropogenic 
sources. These results show the dominance of natural 
aerosols over India during pre-monsoon. 
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Introduction 

ATMOSPHERIC aerosol is recognized as a major climate 

forcing agent1–3, due to its potential to alter the earth’s 

energy balance through direct interactions with radia-

tion4–6 and also through modifying cloud properties7. 

Even after the active research in this area for decades, the 

level of scientific understanding on the climate impacts of 

aerosols, through the modifications of cloud properties, 

remains low3. Thus, aerosol cloud interaction becomes 

the major source of uncertainty in estimation of anthropo-

genic climate forcing8–10. This uncertainty arises mainly 

because of the large heterogeneity in physical and chemi-

cal characteristics of aerosols, along with the variability 

in its spatial and temporal distribution11. Diversity in pro-

duction mechanisms, including natural and anthropogenic 

processes, makes the aerosol characteristics highly hete-

rogeneous12. Delineating natural and anthropogenic con-

tribution in total aerosol loading is essential for the proper 

estimates of human impacts on the Earth’s climate. This is 

highly challenging, especially over the regions which  

are in the vicinity of major sources of natural and anthro-

pogenic aerosols. Indian subcontinent is one such  

region which experiences aerosol loading with contribu-

tion from both of these sources, with large variability in 

relative contributions depending on the regions and sea-

sons13–15. While close proximity to oceanic and desert  

regions causes significant amount of natural aerosol load-

ing, rapid growth in urbanization and industrialization 

lead to large amount of anthropogenic aerosol concentra-

tion over the Indian subcontinent. Though challenging, 

delineating anthropogenic and natural contributions in  

total aerosol loading is essential in estimating the radia-

tive impacts of aerosols16,17 and hence in policymaking, 

especially in view of air quality and climate change  

issues. 

 Different approaches are being used to delineate natu-

ral and anthropogenic contributions in aerosol loading, by 

making use of the differences in physical and chemical 

properties of different types of aerosols. Collected sam-

ples of aerosols are subjected to chemical analysis for the 

source apportionment18,19. Differences in spectral charac-

teristics exhibited by different aerosols are being used by 

satellite remote sensing, for this purpose20,21. However, 

mixing up of natural and anthropogenic aerosols, with 

different physical and chemical characteristics, makes it 

highly challenging. Aerosol models, along with measured 

aerosol properties, are being used to estimate radiative 

impacts of natural and anthropogenic aerosols17,22. There 

are studies which made use of events such as national 

strikes, when vehicular and industrial activities are 

stopped, to examine the human impacts on aerosol load-

ing over India23–25. These studies are based on such 

events extending only for few days. However, aerosols 
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reside in the atmosphere for a period of few days. Due to 

the lockdown declared in India, to control spread of 

COVID-19 virus, most of the anthropogenic activities, 

including usage of vehicles and functioning of industries, 

have reduced for a long period. This has led to significant 

reduction in emission of various anthropogenic compo-

nents, including aerosols, into the atmosphere. Changes 

in absorbing and composite aerosol loading over India 

during lockdown are examined in the preset study using 

multi-year, multi-satellite measurements of aerosol pro-

perties. 

Data and methodology 

In order to examine the changes in aerosol loading during 

lockdown, quality assured level 3 aerosol optical depth 

(AOD) at 550 nm from Moderate Resolution Imaging 

Spectroradiometer (MODIS) onboard Aqua26–28, along 

with level 3 data of AOD, absorption aerosol optical 

depth (AAOD) and single scattering albedo (SSA) at 

500 nm from the Ozone Monitoring Instrument (OMI)  

onboard Aura satellite29 are used. Both Aqua and Aura 

make Earth observations in the afternoon hours, as part of 

the A-Train satellite constellation, where Aura lags Aqua 

by 15 minutes30. Uncertainty associated with AOD re-

trievals from MODIS over land is reported to be 0.05  

0.15  AOD, in comparison with ground-based measure-

ments28. Sub-pixel level cloud contamination is a major 

factor affecting the accuracy of aerosol retrieval from 

OMI29. However, AAOD from OMI is reported to be 

more reliable, as the uncertainties in extinction optical 

depth and SSA cancel out each other in the estimation of 

AAOD29,31. In order to avoid the errors due to extreme 

values, AOD and AAOD values greater than 2 are not 

considered for the analysis. These aerosol parameters 

during the first phase of lockdown (25 March to 14 April 

2020) are compared with those during the same period in 

the previous years. The analysis is carried out by compar-

ing mean of these aerosol parameters during the first 

phase of lockdown period, 25 March to 14 April 2020 

(hereafter LD2020), with the same period in 2019 (here-

after RF2019) and also with the mean during the same 

period in past five years, 2015 to 2019 (hereafter 

RF2015–2019). In order to examine vertical distribution 

of aerosols and dust loading over India, L2 data of aero-

sol extinction coefficient profiles at 532 nm and cloud 

free L3 data of dust and polluted dust AOD from 

CALIOP are used in the study. CALIOP onboard Cloud 

Aerosol Lidar and Infrared Pathfinder Satellite Observa-

tions (CALIPSO) provide vertical profiles of aerosol  

parameters, along its sub-satellite track, using the lidar 

measurements at 532 nm and 1064 nm (ref. 32). Contri-

bution of forest fires in aerosol loading over India during 

LD2020 is examined using collection 6 active fire data 

from Aqua-MODIS observations33. MODIS fire detection 

algorithm identifies fire pixels, of 1 km  1 km spatial 

resolution, which contains active fires. 

Results and discussion 

Changes in columnar aerosol loading 

Changes in total columnar aerosol loading during the first 

phase of lockdown, compared to the same period in  

previous years, are examined and shown in Figure 1.  

Figure 1 a depicts difference in columnar AOD from 

MODIS observations during LD2020, compared to that 

during RF2019, whereas Figure 1 b shows the same using 

AOD measurements from OMI. Observations from both 

the satellites show similar spatial patterns of AOD chang-

es over India. While regions of Indo Gangetic Plain (IGP) 

and southern peninsula show decrease in aerosol loading, 

regions of Centralwest and Northeast India show in-

crease. MODIS observations show highest decrease in 

aerosol abundance over the eastern parts of IGP. However, 

aerosol loading shows large inter annual variability due 

to changes in several factors including source activities, 

long range transport and prevailing meteorological condi-

tions. Hence, further analysis is carried out by comparing 

aerosol loading during the lockdown period to mean aer-

osol loading during the previous five years. Signific-  

ance of the observed changes in AOD is examined by 

comparing them with corresponding inter annual variabi-

lity. Figure 1 c and d show changes in AOD during 

LD2020, compared to the mean AOD during RF2015–

2019, from MODIS and OMI observations respectively. 

Black dots embedded in the figures show the regions,  

 

 

 

Figure 1. Difference in columnar AOD from (a) MODIS and (b) 
OMI during LD2020, compared to RF2019. (c) and (d) are the same as 
(a) and (b), but show the difference in AOD between LD2020 and 
RF2015–2019. Black dots indicate the regions where observed changes 
are within the corresponding inter annual variability.  
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where observed changes are within the inter annual  

variability. Inter annual variability in each pixel is esti-

mated by computing the standard deviation of annual 

mean AOD values during 2015 to 2019. Differences in 

AOD seen over the remaining regions are considered sig-

nificant, as the observed changes are greater than the  

inter annual variability. By considering only those pixels 

in which observed changes in aerosol loading are signifi-

cant, MODIS (OMI) observations show a decrease in 

mean AOD by –22.86  1.78% (–28.47  1.64%) over the 

Indian land mass during LD2020, in comparison with the 

previous five year mean (RF2015–2019). These changes 

are observed to be –16.17  1.35% and –22.4  1.36% 

from MODIS and OMI respectively, when all the pixels 

are considered. Differences between the estimated chang-

es in AOD from both the satellites are mainly due to the 

differences in spatial coverage due to subpixel  

level cloud contamination with OMI AOD29, in addition 

to the differences in retrieval methodologies34.  

 Industrial and vehicular emissions are two major an-

thropogenic sources of absorbing aerosols, such as black 

carbon, into the atmosphere. Sudden cut off of such acti-

vities leads to reduction in anthropogenic absorbing aero-

sols in the atmosphere. Figure 2  a shows the decrease in 

AAOD during LD2020, in comparison with that during 

RF2015–2019. AAOD also shows similar spatial pattern 

of decrease as that of columnar AOD. Decrease in AAOD 

over Indian land regions is seen to be –34.61  1.11% 

during LD2020, compared to that during RF2015–2019, 

while considering only those pixels in which the changes 

are significant, whereas it is –26.2  1.17%, when all the 

pixels are considered. AAOD also shows increase during 

LD2020 over some regions of Northeast and Westcentral 

India. Decrease in absorption aerosols due to the reduc-

tion in anthropogenic activities has increased the relative 

dominance of natural scattering aerosols over India, as 

seen in the difference in SSA depicted in Figure 2 b. Fig-

ure 2 b shows the SSA increase during LD2020, com-

pared to that during RF2015–2019. Increase in SSA is 

observed over most of the regions, including IGP, central 

India and southern peninsula. This shows the relative  

increase in scattering type aerosols over India during the 

lockdown period, compared to the same period in pre- 

 
 

 

Figure 2. Change in (a) absorption aerosol optical depth (AAOD) and 
(b) single scattering albedo (SSA) at 500 nm from OMI during 
LD2020, compared to that during RF2015–2019. 

vious years. Percentage change of AOD (from MODID) 

and AAOD (from OMI), compared to those during 

RF2015–2019 is shown in Figure 3 a and b respectively. 

Black dots in the figure show the pixels where the chang-

es are within the inter annual variability. 

 Percentage changes in total and absorbing aerosols 

over different regions of Indian land mass during LD2020 

are examined in detail. Supplementary Figure 1 shows the 

different regions considered for the analysis. Bar diagram 

shown in Figure 4 a depicts the percentage changes in to-

tal and absorbing aerosols over these regions during 

LD2020, in comparison with those during RF2015–2019. 

Figure 4 b is same as Figure 4 a, but by considering only 

those pixels, in which the changes are greater than corre-

sponding inter annual variability. Green and red bars in 

Figure 4 show percentage changes in AOD from MODIS 

and OMI respectively, whereas blue bars represent the 

changes in AAOD. While an increase in AOD of 

5.16  2.44% (6.82  2.86%) is seen over CW, reduction 

of –38.05  1.06% (–39.4  1.12%), –23.02  2.63%  

(–17.08  2.12%) and –18.98  2.86% (–28.38  2.39%) 

is seen over IGP, NW and SP, from MODIS (OMI)  

observations. These values are seen to be 8.5  4.46% 

(12.3  4.09%), –38.52  0.97% (–39.89  1.03%),  

–32.13  2.02% (–25.85  3.36%) and –24.75  3.48%  

(–33.53  2.1%) over CW, IGP, NW and SP respectively, 

when only those pixels having changes greater than inter 

annual variability are considered. Reduction in absorbing 

aerosols is observed to be –39.18  1.25 (–40.19  

1.06%) over IGP and –33.1  2.03 (–36.71  1.69%) over 

SP, when all the pixels (only those with significant 

changes) are considered. 

Vertical distribution of aerosols 

Changes in columnar aerosol abundance are caused by 

the changes in both surface level and free tropospheric 

aerosol loading. While surface level aerosol concentra-

tion is significantly contributed by local production, free 

tropospheric aerosol loading has large contribution from 

long range transport. Changes in aerosol loading at dif-

ferent altitude levels are examined by comparing mean  

 
 

 

Figure 3. Percentage change in (a) AOD from MODIS and (b)  
AAOD from OMI, during LD2020, compared to those during RF2015–
2020. 

https://www.currentscience.ac.in/Volumes/120/01/0352-suppl.pdf
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aerosol extinction coefficient profiles over different re-

gions of Indian land mass during LD2020, with the same 

during RF2015–2019. Blue curves in Figure 5 show ver-

tical distribution of aerosols over NW, CW, CE, IGP, NE, 

SP and Indian landmass during RF2015–2019, whereas 

the red curves show the same during LD2020 and black 

curves show the difference in aerosol extinction coeffi-

cient during LD2020 in comparison with that during 

RF2015–2019. The analysis is carried out by using L2 

aerosol extinction coefficient profiles from CALIOP  

observations in both day and night time. Values of N2015, 

N2016, N2017, N2018, N2019, N2020 in the figure show total 

number of profiles with valid measurements in 2015, 

2016, 2017, 2018, 2019 and 2020 respectively over dif-

ferent regions. Mean values of aerosol extinction coeffi-

cients are computed at each altitude, only if the number 

of valid measurements available at that altitude is more 

than 5% of the total number of profiles within that region. 

Blue horizontal bars associated with the profiles during 

RF2015–2019 show the standard deviations representing 

the inter-annual variability during the period from 2015 

to 2019. Positive (negative) values indicated by the black 

curves show increase (decrease) in aerosol loading during 

LD2020, compared to that during RF2015–2019. Signifi-

cant difference (greater than the inter-annual variability) 

in aerosol concentration can be seen over several regions 

at higher altitudes. Fractional contribution of difference 

in aerosol loading at altitudes above 2 km, in total  

columnar difference, is estimated to be 19%, 27%, 37%, 

25%, 39% and 26% over NW, CW, CE, IGP, SP and  

entire Indian landmass respectively. The analysis reveals 

that the changes in columnar aerosol loading, during 

LD2020, are considerably contributed by the changes in 

 
 

 

Figure 4. Percentage changes in AOD and AAOD over different re-
gions of Indian land mass during LD2020, compared to those during 
RF2015–2020, by considering (a) all pixels and (b) only those pixels in 
which changes are greater than inter annual variability.  

elevated aerosols. Enhancement in aerosol concentration 

can be seen at altitudes around ~3 km over CW, where 

columnar AOD also shows increase as shown in Figure 1 c 

and d. Increase in elevated aerosol concentration can also 

be seen at altitudes around 5 km over CW, CE and NW. 

However, the results presented here on the vertical distri-

bution of aerosols are subjected to the poor spatial cover-

age of CALIOP, as the lidar makes measurements only 

along its sub-satellite track with a footprint of ~70 m  

diameter on Earth’s surface.  

 In general, elevated aerosol over Indian region in pre-

monsoon is largely contributed by transported mineral 

dust aerosols. In order to examine the contribution of dust 

aerosols in the observed changes in columnar aerosol 

loading, dust aerosol concentration in April 2020 is com-

pared with that in the previous years, using L3 CALIPSO 

data from both day and night time observations. Figure 6 

shows change in dust AOD and polluted dust AOD in 

April 2020, compared to mean of the same in April dur-

ing the previous five years (2015 to 2019). Black dots in 

the figure indicate the changes which are within the 

 
 

 

Figure 5. Mean vertical profiles of aerosol extinction coefficient () 
during LD2020 (red), RF2015–2020 (blue) and their difference (black) 
over (a) Centralwest, (b) Centraleast, (c) Northwest, (d) IGP, (e) 
Northeast, ( f ) Southern Peninsula and (g) Indian landmass. N shows 
the total number of valid profiles in each year. 



SPECIAL SECTION: 
 

CURRENT SCIENCE, VOL. 120, NO. 2, 25 JANUARY 2021 356 

inter-annual variability during the period from 2015 to 

2019. Considerable decrease in dust aerosols is seen over 

large regions of Indian landmass, especially over the re-

gions of IGP. This shows that the decrease in mineral 

dust transport, compared to previous years, contributed 

largely to the overall decrease in columnar aerosol load-

ing. However, increase in concentrations of polluted dust 

aerosols is seen over west central regions of India, where 

enhancement in total and absorbing aerosols is seen. Thus 

the analysis reveals that the changes in columnar aerosol 

loading observed over India during the lockdown period 

are significantly contributed by the changes in dust aero-

sol loading, in addition to the decrease in anthropogenic 

emissions. 

 In addition to dust loading, presence of black carbon 

(BC) aerosols is reported at higher altitudes over Indian 

region, based on high altitude balloon experiments35,36. 

This elevated BC layers are proposed to be due to the 

emissions from aircrafts35,36. This BC aerosols get uplift-

ed even up to lower stratospheric heights, where they can 

reside for longer period36. Restrictions implemented for 

air travel, during the lockdown, reduced aircraft emitted 

BC aerosols at higher altitudes. This also contributed to 

the observed reduction in both elevated and columnar 

aerosol loading over India during the lockdown phase. 

 
 

 

Figure 6. Difference in (a) dust AOD and (b) polluted dust AOD in 
April 2020, compared to the mean in April during 2015 to 2019, using 
L3 CALIPSO data. Positive (negative) values indicate regions of AOD 
increase (decrease) in April 2020. Black dots indicate the regions 
where observed changes are within the inter annual variability. 
 

 

 

 

Figure 7. Time series of daily mean MODIS AOD, OMI AOD and 
OMI AAOD, over Indian landmass during the period from 25 March to 
14 April 2020.  

Influence of dust aerosol transport over India  
in pre-monsoon 

In contrast to the expected decrease in aerosol loading 

due to the sudden cut off of anthropogenic sources, an  

increase in AOD and AAOD is seen during the lockdown 

as shown in Figure 7. The figure depicts day to day 

changes in total and absorbing aerosol abundance over 

India during the first phase of lockdown period, from 25 

March to 14 April 2020. While red circles show daily 

mean AOD values over the entire Indian land mass from 

MODIS observations, blue open circles and black trian-

gles show daily mean AOD and AAOD respectively from 

OMI measurements. Associated vertical bars in each 

curve represent corresponding standard errors. Daily 

mean values of these parameters are considered, only if 

more than 30% of the pixels covering the entire country 

have valid measurements. As mentioned earlier, differ-

ence between MODIS AOD and OMI AOD is mainly due 

to the difference in spatial coverage due to subpixel level 

cloud contamination with the latter29. It can be seen from 

Figure 7 that mean AOD and AAOD started decreasing 

for initial few days of the lockdown, from 25 to 30 March 

2020. After that aerosol abundance over India is observed 

to be increasing, even in the absence of anthropogenic  

industrial and vehicular emissions.  

 Prevailing surface level winds over these regions are 

northwesterly or westerly during pre-monsoon. This 

brings large amount of dust aerosols, from the arid conti-

nental regions at west, in addition to the supply of sea salt 

aerosols from the Arabian Sea. Long range transport of 

dust aerosols over to India and Arabian Sea during pre-

monsoon and summer monsoon is reported by several 

earlier studies37–41. Though dust aerosols scatter visible 

light, increase in hematite content can make it more ab-

sorbing and appear brownish42,43. Mixing up of dust with 

absorbing aerosols such as black carbon also makes them 

more absorbing in nature14,43. Figure 8 shows change in 

mean dust AOD in April 2020, compared that in the pre-

vious month, March 2020, using L3 CALIOP data. While 

Figure 8 a shows the difference using day time CALIOP 

observations, Figure 8 b shows the same using mean of 

 

 

 

Figure 8. Difference in dust AOD in April 2020, compared to that in 
March 2020, from L3 CALIPSO data of (a) day time and (b) day and 
night mean. Positive values indicate increase of dust AOD in April.  
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day and night time measurements. Positive (negative) 

values in the figure indicate regions of increase (de-

crease) in dust aerosol loading in April 2020. Considera-

ble increase in dust aerosol loading can be seen over 

several regions of Indian land mass, in April 2020, com-

pared to the previous month. The analysis shows that the 

gradual increase in aerosol loading observed during the 

lockdown period, in the absence of major anthropogenic 

emission sources, is mainly contributed by the long range 

transport of dust aerosols. This leads to large fraction of 

dust aerosols over India, especially at higher altitudes, 

during pre-monsoon.  

Satellite detected active fires over India in  
pre-monsoon 

Forest fires are significant over the Indian region during 

pre-monsoon months44. Biomass burning due to forest 

fires contributes considerably to aerosol loading. Satellite 

detection of fire activities is widely used for identifica-

tion of biomass burning45,46. Figure 9 shows the locations 

of active fire with high confidence, during LD2020, from 

Aqua-MODIS observations. High confidence fire loca-

tions are identified by considering only those pixels with 

confidence values ranging from 80 to 100 (ref. 47). Large 

number of active fires is seen over the regions of North-

east India. It shows that the absorbing and total aerosol 

loading over these regions are largely contributed by the 

biomass burning due to forest fires. Regions of central, 

west and south India also show considerable number of 

active fires. Thus the mineral dust transported from the 

western regions get mixed with these biomass burning 

aerosols and become more polluted dust aerosols as seen 

from the CALIPSO observations shown in Figure 6 b. 

 The analysis carried out here shows that the reduction 

in total columnar aerosol loading during the first phase of 

the lockdown in India is only 20% and that in absorbing  

 

 

 

Figure 9. Locations of active fire with high confidence (confidence 
value from 80 to 100), over India during LD2020, from Aqua-MODIS 
observations. 

aerosols is 26%, even in the absence of major anthropo-

genic sources. This reduction in columnar aerosol abun-

dance is significantly contributed by the changes in 

aerosol loading at higher altitudes. In general, elevated 

aerosol loading over India during pre-monsoon is largely 

contributed by transported dust aerosols. The analysis  

also shows the contribution of decrease in dust aerosols 

in the overall reduction of columnar aerosol loading. 

Though there is a reduction, in comparison with previous 

years, aerosol loading is observed to be increasing during 

the lockdown phase. This increase is observed to be due 

to the strengthening of dust aerosol transport from the  

arid continental regions at west. Biomass burning due to 

forest fire also contributes to pre-monsoon aerosol load-

ing over India, especially over the Northeastern regions. 

Though anthropogenic aerosol sources are absent during 

lockdown, reduction in aerosol loading observed over  

India is significantly contributed by the decrease in natu-

ral aerosols. Thus the results presented in the study show 

the dominance of natural aerosols over Indian region in 

pre-monsoon. 

Conclusions 

Proper estimation of relative contribution of anthropogenic 

aerosols in total aerosol loading is essential for the  

assessment of human impacts on the Earth’s climate. Due 

to the lockdown declared in India, to contain the spread 

of COVID-19 virus, anthropogenic emissions from indus-

trial activities and vehicular transport were cut for a long 

period under the lockdown phase. During the first phase 

of lockdown, 26% reduction in absorbing and 20% reduc-

tion in composite aerosols are seen over India, compared 

to the same period in previous years. However, consider-

able fraction of this columnar difference is contributed by 

the aerosol changes at higher altitudes. While reduction 

in columnar aerosol abundance is observed over the re-

gions including IGP and southern peninsula, enhance-

ment is seen over some regions of Westcentral and 

Northeast India. Reduction in columnar aerosol loading is 

significantly contributed by the decrease in dust aerosols, 

in addition to the reduction in anthropogenic aerosol 

emissions. Increase in absorbing and total aerosol loading 

over Centralwest India is observed to be due to the  

increase in polluted dust aerosols, whereas the aerosol 

loading over Northeast India has large contribution from 

biomass burning due to forest fire. Though there is an 

overall reduction, compared to previous years, amount of 

absorbing and composite aerosols is observed to be in-

creasing during the lockdown period, after a decrease for 

initial few days, even in the absence of major anthropo-

genic aerosol source activities. This increase is observed 

to be due to the strengthening of dust aerosol transport 

from the arid continental regions at west. This long range 

transport of dust aerosols leads to large fraction of natural 
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aerosols over India during pre-monsoon. The results pre-

sented in this study show the dominance of natural aero-

sols over India during pre-monsoon and its large inter-

annual and spatial variability. Proper quantification of 

these variations in natural aerosols is vital to delineate the 

relative contributions of natural and anthropogenic aero-

sols and their proper incorporation in model simulations 

to estimate their impacts on climate. 

 

Disclaimer: The observations/statements made in this  

article are the sole viewpoints of the authors and do not 

anyway represent those of the organization to which they 

belong. 
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