SCIENTIFIC CORRESPONDENCE

Increasing smoke and carbonaceous aerosols over the Indian region

(2007-2016)

Aerosol particles in the Earth’s atmo-
sphere are known to have serious climatic
and health implications. The smaller par-
ticles like smoke aerosols (SAs) can easily
enter into the human body and have
harmful impacts. A previous study has
shown that black carbon (BC) may act as
a carrier of chemical constituents of vari-
able toxicity and adversely impact the
lungs and blood circulation'. These
suspended smoke particles in the atmo-
sphere can also affect the Earth’s radia-
tion budget’. The overall radiative
forcing effects from smoke emissions
depend on the nature of the source of
these emissions. The Indian region, one
of the major aerosol hotspots, is known
to have SAs of both natural and anthro-
pogenic origin. Smoke emissions are
major contributors to the primary carbo-
naceous aerosols (CAs) in the atmo-
sphere. A previous study has revealed
that around 80% of CA emissions from
the Indian region originate from anthro-
pogenic activities, mostly for meeting the
energy requirements’. Some previous
works have reported the aerosol trends
using passive sensors*®, but they were
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mainly focused on providing the overall
trends in aerosol optical depth (AOD)
over the Indian region, rather than trends
specific to a particular aerosol type. Fur-
ther, there have been some studies focus-
ing on variability of SA/CA over the
Indian region; however, most of them are
limited to a regional scale’®. A recent
study has discussed the variability of dif-
ferent aerosol types but not their trends’.
In this study, decadal-scale trends
(2007-2016) for SAs have been reported
by the analysis of datasets from Cloud—
Aerosol Lidar with Orthogonal Polariza-
tion (CALIOP), on-board Cloud—Aerosol
Lidar and Infrared Path-finder Satellite
Observations (CALIPSO)'’. The Level-3
monthly datasets, CAL LID L3 APro_
AllSky-Standard-V3-00, utilized in this
study have been generated using quality
checks and screening of Level-2 data
products'®!". These global products pro-
vide AOD and extinction profiles of the
major aerosol types at a spatial resolution
of 2°x5° and a vertical resolution of
60 m up to 12 km amsl (ref. 12). Also to
be noted is that only the night-time data
have been used as the daytime CALIOP

data are more noisy. The vertical profiles
were averaged within three altitude bins,
i.e. 0-2, 2-4 and 4-6 km amsl. For com-
parative purpose, the monthly AOD data
due to CAs (black/organic carbon) car-
bonaceous aerosol optical depth (CAOD)
were obtained from Level-4 Modern-Era
Retrospective Analysis for Research and
Application-2 (MERRA-2) reanalysis
products'®. The datasets are available at a
spatial resolution of 0.5° x 0.625°. Read-
ers may refer to previous works on the
evaluation of MERRA-2 products with
respect to satellite and in situ observa-
tions'*'*,

Figure 1a shows the decadal variability
of smoke aerosol optical depth. It can be
clearly seen that during the second half
of the decadal period, smoke particles
have increased in the atmospheric col-
umn. Figure 15 presents the monthly
variation of smoke loading during the
considered time-period. We can observe
high smoke loading during November—
February associated with biomass burning
activities as well as high smoke
during May—July associated mainly with
forest fires. Figure 1c presents the SE
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Figure 1.
different altitude bins.
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a, Decadal variation of smoke aerosol optical depth (SAOD) from CALIOP. b, Ten-year monthly variability in SAOD. ¢, SE (%) within
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Table 1.

Decadal trends of smoke aerosol optical depth (SAOD) (from

CALIOP) and carboneous optical depth (CAOD) (from MERRA-2
reanalysis) (statistically significant trends are represented in bold)

Trends
SA CA

January Increasing Increasing
February Increasing Increasing
March - Increasing
April Increasing Increasing
May Increasing Increasing
June Increasing -
July Increasing -
August Increasing Decreasing
September Increasing Increasing
October Increasing -
November Increasing Increasing
December Increasing -

(%) observed in three altitude bins. One
can observe that generally, majority of
the SA load is found within 0-2 km dur-
ing August-January. However, during
March—June, considerable amount of SA
stays within higher altitudes (2—4 km).
These findings are in agreement with
those of previous studies utilizing satel-
lite/in situ measurements, where smoke
has been noted at elevated altitude le-
vels'>'6. This can be further understood
in terms of planetary boundary layer
height (PBLH) over the Indian mainland
that bears a distinct seasonality with a
generally higher PBLH during March—
June over majority of the places, com-
pared to other months of the year. In this
context, it has been observed from radio-
sonde measurements and MERRA reana-
lysis datasets that the boundary layers are
the deepest during pre-monsoon over the
Indian region'”. This higher PBLH could
be associated with higher near-surface
wind speeds, higher surface temperatures
and uplifting of particles. Further, linear
regression technique was used to esti-
mate the decadal trends in SAs (and
CAs). It is clear from Table 1 that the SA
load has increased over the decadal
time-period under consideration. The
enhancement of these particles during
October—February (when the atmospheric
conditions are more stable relative to other
months of the year) could be a clear indi-
cation of increase in anthropogenic activ-
ities over the Indian region during this
period. Increasing trends in CAOD have
also been found in February, May, Sep-
tember and November. To this end, a re-
cent study has also reported an increase
of about 20% in the fire counts over Cen-
tral India using satellite and model reana-

lysis datasets spanning over 15 years's.
In yet another study, increasing trends of
vegetation fires have been observed over
India (2003-2016)"°. On the other hand,
increasing trends of smoke during the
dust-dominated periods of summer are
alarming with increasing rates of forest
fire and surface temperature in the coun-
try*®. There are reports of growing mid-
monsoon dry phases over the Indian
region®'. This increase in dry phases can
be further seen in conjugation with
declining monsoonal precipitation and
increasing anthropogenic activities®.

This study presents a space-based view
of increasing SAs in a decadal period
over the Indian region. Though the model
reanalysis outputs are also presented, a
focused study involving evaluation of
long-range transport models and emis-
sion inventories can provide complete
information on the changing smoke/
carbonaceous load, which can be of par-
ticular concern to policymakers in the
changing climatic scenario.

1. Janssen, N. A. H. et al., Environ. Health
Persp., 2011, 119(12), 1691-1699;
doi:10.1289/ehp.1003369.

2. Penner, J. E., Chuang, C. C. and Grant,
K., Clim. Dynam., 1998, 14, 839-851.

3. Parashar, D. C., Gadi, R., Mandal, T. K.
and Mitra, A. P., Atmos. Environ., 2005,
39(40), 7861-7871; https://doi.org/10.
1016/j.atmosenv.2005.08.034.

4. Dey, S. and Di Girolamo, L., Geophys.
Res. Lett., 2011, 38(16), L14811; https://
doi.org/10.1029/2011GL048153.

5. Ramachandran, S. et al., Atmos. Envi-
ron., 2012, 49, 338-347; doi:10.1016/].
atmosenv.2011.11.017.

6. Mehta, M., Atmos. Environ., 2015, 109,
161-170; doi:10.1016/j.atmosenv.
2015.03.021.

7. Ali, K., Panicker, A. S., Beig, G. and
Srinivas, R., J. Atmos. Chem., 2016, 73,
1-27;  https://doi.org/10.1007/s10874-
015-9314-4.

8. Sarkar, C., Roy, A., Chatterjee, A.,
Ghosh, S. K. and Raha, S., Sci. Tot. En-
viron., 2019, 656, 280-296; https://doi.
org/10.1016/J.SCITOTENV.2018.11.367.

9. Kulkarni, P. and Sreekanth, V., Atmos.
Poll. Res., 2020, 11(5), 946-962; https://
doi.org/10.1016/j.apr.2020.02.007.

10. Omar, A. et al., J. Atmos. Ocean. Tech-
nol., 2009, 26, 1994-2014; http://dx.doi.
org/10.1175/2009JTECHA1231.1.

11. Hunt, W. et al., J. Atmos. Ocean. Tech-
nol., 2009, 26, 1214-1228; http://dx.doi.
org/10.1175/2009JTECHA1223.1.

12. Winker, D. M. et al., Atmos. Chem.
Phys., 2013, 13, 3345-3361; http://dx.
doi.org/10.5194/acp-13-3345-2013.

13. Gelaro, R. et al., J. Clim., 2017, 30,
5419-5454; doi:10.1175/JCLI-D-16-0758.1.

14. Buchard, V. et al., J. Clim., 1980, 30,
6851-6872; https://doi.org/10.1175/jcli-
d-16-0613.1.

15. Babu, S. S., Moorthy, K. K. and
Satheesh, S. K., Adv. Meteorol., 2010,
812075; https://doi.org/10.1155/2010/
812075.

16. Das, S. et al., J. Geophys. Res. Atmos.,
2017, 122(12), 6391-6415; https://doi.
org/10.1002/2016JD026421.

17. Sathyanadh, A., Prabhakaran, T., Patila,
C. and Karipot, A., Atmos. Res., 2017,
195, 44-61; https://doi.org/10.1016/j.
atmosres.2017.05.010.

18. Thomas, A., Sarangi, C. and Kanawade,
V. P., Sci. Rep., 2019, 9, 17406; doi:
10.1038/s41598-019-53630-3.

19. Vadrevu, K. P. et al., Sci. Rep., 2019, 9,
7422; https://doi.org/10.1038/s41598-
019-43940-x.

20. Prijith, S. S. et al., Environ. Sci. Poll.
Res., 2018, 25, 18147-18160; https://
doi.org/10.1007/s11356-018-2032-0.

21. Chakraborty, R. et al., Atmos. Chem.
Phys., 2019, 19, 12325-12341; https://
doi.org/10.5194/acp-19-12325-2019.

22. Fadnavis, S. et al., Sci. Rep., 2019, 9,

10268;  https://doi.org/10.1038/s41598-
019-46704-9.
ACKNOWLEDGEMENTS. 1 thank the Di-

rector, IIRS, Dehradun, for encouragement
and support. I also thank. Richa Khushboo,
Thara, C. S. and Vishal Somni for help.

Received 6 April 2021; revised accepted 14
June 2021

MANU MEHTA

Indian Institute of Remote Sensing,
ISRO, 4-Kalidas Road,

Dehradun 248 001, India

e-mail: manu@iirs.gov.in

CURRENT SCIENCE, VOL. 121, NO. 1, 10 JULY 2021

25




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


