DRA Annual International Conference On
Developed India @2047: Global Pathways for Sustainable Socio- Economic, Linguistic, Science and Technological
Transformation

Ind. Jr. of Mod. Res. and Rev PEER-REVIEWED JOURNAL Volume 4 [Special Issue 1] Year 2026

Dear Raviwes Jeurnal - Retrses Jouas Moses seurma

Indian Journal of Moty Rsrc
Modern Research and Reviews

[ RS B T e
This Journal is a member of the ‘Committee on Publication Ethics’

MIRIR

Online ISSN:2584-184X ) T

Research Article

A Comparative Study of Atmospheric Black Carbon Aerosols over
Thar Desert: Jaisalmer

Pawan Thakur ", Dhanuj Goyal 2
! Assistant Professor of Physics, MLS Government Girls College, Jaisalmer, Rajasthan, India
2 Assistant Professor of Chemistry, MLS Government Girls College, Jaisalmer, Rajasthan, India

Corresponding Author: *Pawan Thakur DOT: https://doi.org/10.5281/zenodo.19564996
Abstract Manuscript Information
= ISSN No: 2584-184X

To investigate the monthly mean variability on average BC mass concentration, the individual = Received: 01-03-2026
day values are grouped into 24-hour periods, sunlight hours, night hours and complete average " Accepted: 30-03-2026
day-to-day changes in the 24-hour average BC values. Sunlight hours BC values and Night " Published: 14-04-2026

L ; =  MRR:4(SP1); 2026: 01-06
Hogrs BC level variation along with mean monthly BC aerosols levels for the complete study ©2026, All Rights Reserved
penod from Marqh, 2009 to Feb., 2014. Average mopthly BC aerosols magnitudes are Plagiarism Checked: Yes
illustrated that during entire study period of BC observation, a large day to day BC aerosols a peer Review Process: Yes

variations in their 24 hourly average, Sun light hours along with, night time hours values occur

within ranges of 0.12 to 12.16 pg m=, 0.95 to 14.29 pug m3 and 0.12 to 16.87 pg m>, How to Cite this Article
respectively Their annqal mean values of above study period as well as Annual BC behaviors Thakur P, Goyal D. A Comparative
clearly reveal peak during December and January (~6.5 to 10 ug m), a gradual decline to the Study of Atmospheric Black Carbon
annual lowest (~0.7 to 1.8 ug m) attained during May through September months (summer  Aerosols over Thar Desert: Jaisalmer.
and monsoon) with a maximum to minimum monthly BC values ratio of >6. The overall Indian J Mod Res Rev.
combined annual long-term means BC level value of five years at Jaisalmer is 2.3+£1.9 ug m>  2026;4(SP1):01-06.

for the whole day mean BC levels. Access this Article Online

www.mrrjournal.in

KEYWORDS: Black Carbon Aerosols, Thar Desert, Hot spot area,

1 © 2026 Pawan Thakur, Dhanuj Goyal. This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International
License (CC BY NC ND).https://creativecommons.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5281/zenodo.19564996

DRA Annual International Conference On
Developed India @2047: Global Pathways for Sustainable Socio- Economic, Linguistic, Science and Technological
Transformation

Ind. Jr. of Mod. Res. and Rev

PEER-REVIEWED JOURNAL

Volume 4 [Special Issue 1] Year 2026

1. INTRODUCTION

Atmospheric Black Carbon (BC) aerosols, i.e., the most
prominent light-absorbing carbonaceous aerosols, are mostly of
an anthropogenic nature, and it is prominent optically available
in small amounts to a significant portion of fine-size particulate
matter (Cachier, 1988) !, It is largely produced as the by-
product of incomplete burning processes like fossil fuel burning
(for example, exhaust from automobiles, industrial and power
plants, emissions from ships and aircraft, etc.) and biomass
burning activities (for example, burning of bio-fuels,
agricultural waste, forest fires, etc.) (Koelmans ef al., 2006) 241,
Although BC shares only a small fraction of the total composite
aerosols mass concentration, it shows a large spatial variability
mostly associated with varieties of the living patterns, urban
and industrial activities (Cachier, 1988; Gelencser, 2004) 11> 201,
BC is a strong optical absorber of solar and outgoing terrestrial
useful radiations over a wide wavelength range from near-UV
(ultraviolet) to IR (infrared) and is a potential contributed to
mainly positive aerosol radiative forcing and thereby warming
of the earth atmosphere and cooling of the earth surface
(Jacobson, 2001; Babu et al., 2004; Ramanatahn and
Carmichael, 2008) 23 7- 38 In the last few decade researcher
estimates by IPCC that the global mean clear sky radiative
forcing by BC aerosols is 0.05 and 1.0 Wm? (IPCC, 2013) 2],
Recent works have also demonstrated the indirect effects of BC
aerosols through modification of cloud albedo and lifetime
properties in the cloud radiative forcing (Ackerman et al., 2000;
Corrigan et al., 2006) > 4. This large atmospheric warming
potential of BC has raised several hypotheses and questions
recently, such as BC building homes in the upper atmosphere,
increasing atmospheric instability and the lifetime of BC (Babu
et al., 2011) B and lofting to the stratosphere, leading to the
slowing down of stratosphere ozone recovery (Satheesh et al.,
2013) ™. Being mostly chemical inert and in the fine size
range of aerosol size spectrum, BC aerosols species has
relatively longer residence life time in atmosphere from several
days to weeks depending on the precipitation conditions etc.,
(Reddy and Venkataraman, 1999; Babu and Moorthy, 2001,
2002) % 3 4 and hence is amenable for long range and
intercontinental transportation of air pollutants outflow as BC
aerosols (Babu et al., 2011) ¥, Despite the above, BC responds
quickly to emission change by reducing the short term local
anthropogenic sources activity period such as in National strike
call period (Kompalli et al., 2013) 3 or rapidly remove from
the air either by deposition or wash out by precipitation (Bond
et al., 2013) 19, therefore, mitigation of BC as anthropogenic
aerosols is often projected as a short-term climate forcing agent
and ad hoc solution to slow down global warming (Bond et al.,
2013) 1oL,

From the perspective of the above, characteristics of BC by
direct measurements, especially over the Indian region, have
been studied by the Indian Space Research Organisation (ISRO)
under its Geo-sphere Biosphere Programme (GBP) research

project with the establishment of a regional network of aerosol
observatories.

ARFINET (Babu et al., 2013) [, covering distinct geographical
environments. The long-term BC measurement is being carried
out along with other aerosol parameters (Moorthy & Satheesh,
2011) 2, extensive and long-term regular measurements of BC
were also initiated from a western Indian region in March 2009,
by establishing an atmospheric aerosols observatory at
Jaisalmer (Geo. Lat. 26.95°N, Geo. Long. 70.55°E, ALT. 225m
above mean sea level; amsl), a tropical arid and typical rural hot
climate site located in the Thar Desert region. This site has been
considered primarily the scarcity of such long term data specific
to this region as well as its distinct nature of proximity to the
tropical Thar desert activity and dust dominated arid
environment, which experiences large change in seasonal
source regions from where significant surface aerosols of local
as well as regional manmade mixed natural mineral dust
aerosols contributed activities sources are low vehicular
exhaust, biomass burning, high windblown dust, long range
transportation of air pollutants from distant desert, human made
activities at polluted sources region to experimental site.

The extensive multiyear regular BC aerosols data collected so
far throughout the five years, i.e., from March, 2009 to Feb.,
2014, have been examined for the first time for the
characterisation of various time variability of BC aerosols of
different time scales over Jaisalmer.

2. DATA AND METHODOLOGY

The long-term BC measurement is being carried out along with
other aerosol parameters (Moorthy & Satheesh, 2011) ?°1. And,
some of the region-specific features from the southern, central,
and eastern parts of India have already been reported by several
earlier groups. Under this activity, extensive and long term
regular measurements of BC was also initiated from a western
Indian region in March, 2009, by establishing atmospheric
aerosols observatory at Jaisalmer (Geo. Lat. 26.95°N, Geo.
Long. 70.55°E, ALT. 225m above mean sea level; amsl), a
tropical arid and typical rural hot climate site located in the
Thar Desert region. This site has been considered primarily the
scarcity of such long term data specific to this region as well as
its distinct nature of proximity to the tropical Thar desert
activity and dust dominated arid environment, which
experiences large change in seasonal source regions from where
significant surface aerosols of local as well as regional
manmade mixed natural mineral dust aerosols contributed
activities sources are low vehicular exhaust, biomass burning,
high windblown dust, long range transportation of air pollutants
from distant desert, human made activities at polluted sources
region to experimental site.

The extensive multiyear regular BC aerosols data collected so
far throughout the five years i.e., from March, 2009 to Feb.,
2014 have been examined first time for characterization of
various time variability of BC aerosols of different time scales
over Jaisalmer and their impact of local, regional and synoptic
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meteorological ~ conditions, boundary layer dynamics
parameters, wind trajectories on the surface BC aerosols
pollution level, over less populated desert influences areas.

3. RESULTS AND DISCUSSIONS

The inspection of individual annual BC values in different
periods, a remarkable gradual decreasing trend is large inter-
annual variation in BC levels is also clearly visible from their
yielded annual mean values of 2.7+42.2, 2.4+2.1, 2.2+1.5,
2.7+1.7, and 3.1+1.6 pg m™ for the period 2009-10, 2010-11,
2011-12, 2012-13, and 2013-14, respectively. Thus, to compare
the present study results with other reported annual BC values
over several Indian cities, as well as from this study in the
Indian map, as shown in Figure 1.

It is a clear evident from the earlier workers that such typical
BC values (2.742.2, 2.442.1, 2.2+1.5, 2.7+1.7, and 3.14+1.6 ug
m3) are quite lower values then relative to those reported
annual BC values from other suburban and semi-urban

locations in India, such as at Hissar (1.5-7.2 pg m?;
Ramachandran et al., 2006) P71, at Pune (4.1 ugm™; Safai et al.,
2007) ™ Bhubaneswar (5.2 pgm?3; Das et al., 2009),
Darjeeling (5.6 pgm?; Chatterjee et al., 2010) 21, Kulu (4.6
pugm; Kuniyal, 2010) “2 Shillong (5pgm?; Kundu &
Borgohain, 2010) P9 and Trivandrum (5 pgm?; Babu &
Moorthy, 2002; Abish et al., 2007) 11 despite of their different
altitudes and above the mean sea level or even some of urban
centers such as at Ahmadabad (6.2 pg m~; Ramachandran &
Kedia, 2010) 31, Hyderabad (5.5 ugm™; Dumaka ef al., 2010b),
while BC over Jaisalmer is also much lower than those reported
from urban conglomerations or industrial cities such as Delhi
(16 pg m?3; Tiwari et al., 2009; Singh et al., 2010) 45 441,
Kanpur (12.3 ug m; Tripathi et al., 2005b) #7, Mumbai (12.5
ug m3; Venkatraman et al., 2002] 81 Agra (20.6 ug m; Safai
et al., 2007 & 2008) “>*1 and Dibrugarh (11 pg m?; Pathak et
al., 2010) B2,
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Fig 1: Annual BC Mass concentration (ug m™) over several different Indian Locations, along with observed location Jaisalmer, Colour Bar shows the (also BC
magnitude of circle) annual Magnitude of BC Mass concentration of reference locations.

At the same time, the annual mean BC over Jaisalmer
reported(Table 1) is a comparatively higher than those reported
from other rural, high altitude and less polluted regions, such
as, Annantpur (1.97 pg m=; Kumar et al., 2011), Nanital (1.10
pg m3; Dumka, 2010a) )] Sinhagad (1.5 ug m™, Raju et al.,
2011), Minicoy (0.4 pg m; Vinoj et al., 2010) and Port Blair
(1.8 pg m3; Moorthy & Babu, 2006). Hence, Jaisalmer
represents a significant amount of BC absorbing anthropogenic

aerosols, loading characteristics of the atmospheric air pollution
level. Thus, marginally higher BC aerosol concentration at the
observing location is noticed relative to a similar range of other
Indian rural areas, along with a profound interannual BC
aerosol variation over the entire observational period. However,
anthropogenic BC aerosol levels over highly polluted, heavily
populated and industrialised major Indian cities are observed to
be higher than their observed annual BC values at Jaisalmer.

3 © 2026 Pawan Thakur, Dhanuj Goyal. This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International

License (CC BY NC ND).https://creativecommons.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/

DRA Annual International Conference On
Developed India @2047: Global Pathways for Sustainable Socio- Economic, Linguistic, Science and Technological
Transformation

Ind. Jr. of Mod. Res. and Rev

PEER-REVIEWED JOURNAL

Volume 4 [Special Issue 1] Year 2026

Table 1: BC Mass Concentration (ugm™) at Study Location of Thar Desert, i.e. Jaisalmer, other Indian locations, and nearby study locations.

Location Type Period BC Concentration (ugm) References
Jaisalmer Rural March 2009 to Feb., 2014 2.6£1.9 (0.8, Pre-Monsoon - 8.5, Winter) Present study
Trivandrum Urban Coastal Aug., 2000 to Oct., 2001 0.3-5 Babu et al. (2002) ¥
Bangalore Urban November 2001 4.2 Babu et al. (2002) ¥
January to July 2003 0.5-68 (dry ), 0.5-45 (wet ) Latha and Badrinath (2003) (2%
(Feb, 2004) 2 Ganguly ef al. (2005b) 1
Hyderabad Urban (Jan, 2006) 20 Becgum et al. (2009) P
(Dry , 2003) 0.5-68 Latha and Badarinath (2003) 1*
Mumbai (Dry, 1999) 124-5.1 Venkataraman ef al. (2002) 48
Urban Industrial (Dry, 2001) 8.2 Chowdhury et al. (2007) !'3!
Delhi (Annual, 2006-2007) 4-15 Singh et al. (2010) 4
Urban Industrial (Annual, 2007) 14 -12 Tiwari et al. (2009) 4
(Jan, 2006) 27 Beegum et al. (2009) )
Agra (Dec, 2004) 20.6 Safai ef al. (2007) 7
Kanpur Urban December 2004 6-20 Tripathi et al. (2005a) (49
(Dry, 2007-2008) 49-15 Ram et al. (2010) B30
Nainital Rural (high altitude) December 2004 1.36 Pant et al. (2006) 3!
Pune (Annual, 2005) 4.1 Safai et al. (2007) 42
(Annual, 2002) 2.1 Rastogi and Sarin (2009) %
(Dry, 2002-2005) 5.5-2.8 Ganguly et al. (2006) !'®
Ahmadabad (Dry, 2008) 11.6 2.9 Ramachandran and Kedia, 2010 0
(Jan, 2004) 5 Ramachandran and Rajesh (2007) B¢
Chandigarh (Annual, 2001) 3.7 Chowdhury et al. (2007) ['3)
Karachi (Annual, 2006-2007) 23 Dutkiewicz et al. (2009)17
Allahabad (Dec, 2004) 6.2-2.0 Ram and Sarin (2010) 334
Hisar (Dec, 2004) 1.5-7.2 Ramachandran et al. (2006) B7
Kharaghpur (Dec, 2004) 8.0-28.0 Nair et al. (2007) B%
(Jan, 2006) 9.3 Beegum et al. (2009) )
Kolkata (Dry, 2001) 26.5 Chowdhury e7 al. (2007) 17
Lahore (Dry, 2005-2006) 21.7 Husain et al. (2007) 21

4. CONCLUSIONS

Based on results obtained from BC data analysis of five years
collected in the course of this Paper, the following main salient
features of BC were clearly revealed over the typical Indian
Thar Desert Station, i.e., Jaisalmer. The present study
documents the annual average BC aerosols mass concentration
pattern as observed over Jaisalmer during the years from
March, 2009 to Feb., 2014

The annual average BC concentrations at Jaisalmer are found to
be in the order of 2.3+1.9 ugm>, during March, 2009- Feb.,
2014. These BC values are smaller than those earlier reported
BC values for other similar Indian semi-urban and urban cities,
i.e., Hissar, Pune, Ahmadabad, Hyderabad, Bhubaneswar,
Darjeeling, Kulu, Shillong and Trivandrum. Whereas, this
typical Jaisalmer BC value is much smaller than those
measured in other major industrial and highly polluted areas
like Delhi, Kanpur, Mumbai, Agra and Dibrugarh. However,
the annual BC magnitude over Jaisalmer is higher than that
reported over other semi-rural, high altitude, less polluted
coastal and continental regions such as Anantapur, Nainital,
Sinhagad, Minicoy, Port Blair and Goa.
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