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ABSTRACT
Abundance of soil-dust in Indian atmosphere is a natural geo-engineering tool to combat acidification and 
climate change. Local as well as transported dust contributes to very high loadings of particulate matter which 
often exceeds the prescribed limits. Alkaline nature of atmospheric dust acts as a scavenger of SO2 and hence, 
SO2 concentrations are not recorded very high in the ambient air in India. Also, atmospheric dust affects 
radiative forcing, cloud modification and heath of humans and plants in Indian region. This report highlights 
that in spite of its great regional importance, investigations about various aspects of atmospheric dust e.g. 
budget and inventory, long range transport and sources, combined characterization of carbon mixed aerosols 
and their role in radiative forcing and monsoons need dedicated  systematic research efforts.

INTRODUCTION

Almost three decades back before industrial expansion, 
very limited number of Indian researchers was involved 
in aerosol science. It was the Indian Ocean Experiment 
(INDOEX) which changed the scenario and developed 
several new groups working on atmospheric aerosols in 
India. Soon after, programmes such as ISRO-GBP Land 
Campaign-I, II, Integrated Campaign on Aerosols and 
greenhouse gases Radiation Budget (ICARB), Atmospheric 
Brown Clouds (ABC-India) and Aerosol Radiative Forcing 
over India (ARFI) etc. were conducted, which further 
advanced aerosol related research where much of the 
emphasis was given on anthropogenic aerosols, their 
sources, transport, transformations and radiative effects 
etc. in Indian region. Now the interest of scientists has 
gone wider where anthropogenic as well as natural aerosols 
like mineral dust have also found place of investigation. 
Scientists have realized the importance of atmospheric 
dust found abundant in Indian atmosphere, which has 
significant direct or indirect role in atmosphere. However, 
one cannot ignore the fact that rapid increase in industrial 
and urban areas during past two decades has injected huge 
amount of aerosols into the atmosphere posing equally 
serious atmospheric implications.

In general, atmospheric aerosols are dominated by 
crustal components in Indian region mainly because of 
their origin from re-suspended soil-dust and road dust 
(Bhaskar and Sharma, 2008; Kulshrestha et al., 1998). 
Due to this reason, ambient levels of suspended particulate 
matter have been reported often violating the limits of 
National Ambient Air Quality Standards (NAAQS) (CPCB, 
2012; Sharma and Kulshrestha, 2014; Kulshrestha et 
al., 1995). Aerosol concentrations over India have been 
reported three times higher than the global mean value 
due to higher dust loadings (Dey and Di Girolamo, 2010). 

Besides local contribution, much of this dust is contributed 
by long range transport through dust storms. Dust storms 
locally called `Aandis’ are common in India during summer. 
The dust storm is a common phenomenon in arid and 
semiarid regions. It originates  when a gust front passes 
or when winds are strong enough to remove large amounts 
of unconsolidated sand and soil dust from the dry surface. 
These dust/sand storms are most commonly caused by 
either thunderstorm outflows or strong pressure gradients, 
which cause an increase in wind velocity over a wide area. 
The dust can carry irritant spores, bacteria, viruses, and 
persistent organic pollutants (Gharai et al., 2013; Taylor, 
2002; Yeo and Kim, 2002; Wu et al., 2004; Yadav et al., 
2007). It can also transport nutrients to the ocean and 
can affect marine biomass production (Shinn and Griffin, 
2000; Deckker et al., 2014). Other impacts include reduced 
visibility causing haze (Ramanathan et al., 2001; Srinivasan 
and Gadgil, 2002); reduced photosynthetically active 
radiation affecting crop yield (Ibrahim and Gaely, 2012).

In fact, the abundance of atmospheric dust can be 
considered as a boon as it controls acidification in Indian 
atmosphere (Kulshrestha, 2013). Calcium carbonate rich 
soil-dust acts as SO2 scavenger forming calcium sulphate 
in the atmosphere (Kulshrestha et al., 2003). Atmospheric 
dust plays an important role in radiative forcing too 
(Ramana and Ramanathan, 2006; Satheesh et al., 2008). 
Some of the studies on dust storm have demonstrated 
the cooling of the earth’s surface nullifying the warming 
effect of greenhouse gases to some extent (Sharma et al., 
2012; Singh et al., 2004). Hence, the atmospheric dust is 
a natural geo-engineering tool to combat climate change 
in the region. The Inter-governmental Panel on Climate 
Change (IPCC, 2014) and the World Meteorological 
Organization (WMO) recognize dust as a major component 
of atmospheric aerosols, which are considered as essential 
variable in climate studies (Gharai et al., 2013).
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However, in spite of great regional significance of dust, 
Indian scientists have not made nationwide vigorous 
attempts dedicated to the study of atmospheric dust 
covering its chemistry, sources, role in weather modification 
and other atmospheric implications. Hence, through this 
research note, the authors want to place on record some 
of the identified topics about dust. We earnestly opine that 
these topics have future scope of research to address the 
issue of regional aerosol forcing and climate change.

The following five aspects of mineral dust ,which have 
huge knowledge gap need immediate attention of scientists-

Budget - inventory

According to AeroCom (Aerosol Comparisons between 
Observations and Models) programme estimates of global 
total dust emissions by global models range from 500 
to 6000 Tg yr−1 with very high degree of uncertainty 
(Textor et al., 2006; Prospero et al., 2010; Huneeus et 
al., 2011). In Indian region, most of the uncertainties 
are contributed by dust aerosols, which have significant 
effect on atmospheric radiation budget because of large 
emissions (Dey et al., 2004). Unfortunately, most of aerosol 
studies reported in India represent urban areas limited to 
industrial and vehicular aerosol studies. Thus, the higher 
uncertainties are primarily due to lack of comprehensive 
measurements representing all types of sites including 
rural, background, urban, desert, forest, high altitude 
characteristics. Considerable uncertainties also exist in 
quantifying the role of dust aerosols in climate variability 
due to the difficulty in assessing direct and indirect effects 
of aerosols on clouds. Our concrete efforts in this direction 
may be helpful to increase the accuracy of aerosol inventory. 
Increasing number of study sites under various land use 
and topography types together with source emission studies 
may be the practical approaches in this regard.

Long range transport of dust aerosols

The Thar Desert centred in Western India and eastern 
Pakistan are the primary potential sources of dust plumes 
in the Indian subcontinent. Very few studies report the 
transport of dust in south Asia or Indian region (Badarinath 
et al., 2010; Begum et al., 2011; Sikka, 1997). Sikka 
1997 has reported that the frequency of the dust-storm 
occurrence was maximum during the pre-monsoon 
(March–May) season, when dust aerosols are transported 
by southwesterly winds from the Thar Desert. However, 
dust storms originated in Oman and other Middle Eastern 
regions have also been reported contributing ambient 
particulates in south Asia (Begum et al., 2011). Badarinath 
et al 2010 have reported long-range transport of dust 
aerosols over the Arabian Sea and Indian region where 
the authors have provided an account of the alternate 

routes of dust storms that affect southern parts of India. 
Long range transport of dust and other pollutants upto 
Himalayan region has been reported by Kulshrestha and 
Kumar  2014. Impact of dust storm on Indian Himalayan 
foothills has been reported by Srivastava et al 2014. These 
workers have also presented optical properties of dust along 
with Lahore to Delhi airmass trajectories. Since, air has 
no boundaries, pollutants are transported globally from one 
geographic area to the other, simultaneously, depositing 
various biogeochemically important trace species along 
with mineral dust. Hence, the impact of transported dust 
aerosols needs to be studied in a comprehensive manner 
focusing upon their sources, chemistry and regional shares 
in order to investigate their influence on regional climate 
change.

ChemICAL, phySICAL AND OpTICAL 
pROpeRTIeS OF CARBON mIxeD DUST 
AeROSOLS

There are number of studies that report chemical, 
physical and optical properties of dust storms separately 
(Mani et al., 1969; Moorthy et al., 1999; Devara et al., 
2002; Ramanathan et al., 2001; Madahavan et al., 2008; 
Badarinath et al., 2007; Satheesh et al., 2008, Babu et al., 
2008; Dey et al., 2004; Ganguly et al., 2006; Dimri and 
Jain, 1999).But, the studies covering combined effects of 
these properties are not found in literature from India. 
Badarinath et al 2007 carried out a case study of dust 
storms over Hyderabad to study the impact of dust storms 
on solar radiation using satellite data along with ground 
based measurements. They used the satellite data to derive 
properties like aerosol index (AI) and aerosol optical depth 
(AOD) and concluded that diffuse to direct beam ratio is 
the most appropriate parameter for dust monitoring because 
the ratio values are not affected by solar zenith angle at the 
longer wavelengths. In another study reported by Prasad et 
al 2007, aerosol radiative forcing over the Indo-Gangetic 
plains has been calculated during major dust storms. 
Optical properties of aerosols have been studied during 
an unusual dust storm event over north- east India using 
satellite observations (Sharma et al, 2013).

Role of black carbon in relation with the optical 
properties of aerosols during dust storms has been 
reported by Das and Jayaraman 2011, which is an effort 
to combine chemical and optical properties of aerosols. 
They also calculated radiative forcing caused by black 
carbon as a part of the dust storm and concluded that the 
higher aerosol induced heating in the atmosphere during 
premonsoon season is likely to impact the regional climate 
dynamics and hydrological processes. Heavy metal content 
of dust and its variation in relation to the prevailing 
metrological conditions has been reported by Yadav et al 
(2006). These workers have also reported different size 
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fractions of aerosols during the dust storms tracing a 
course of 600 km starting from the north-western desert 
as a source of dust. Role of calcite aerosols in Indian 
region has been well established in terms of S and Ca 
biogeochemical cycles along with their role in acidification 
in developing vs industrialized regions (Kulshrestha, 2013). 
Even bio-aerosols have been characterized in dry freefall 
samples during dust storms in the north-north western 
region (Yadav et al., 2007). However, huge gap exists in 
understanding the role and linkages of dust aerosols with 
N and C cycles, in particular, black carbon and reactive 
nitrogen (Nr) vis-à-vis dust aerosols research (Singh and 
Kulshrestha, 2012; Kumar et al., 2014).

Dust storms and monsoon science

Recent studies have shown that natural dust affects 
monsoon rainfall (Lau, 2014). According to Vinoj et al 
(2014), monsoon season is influenced by warming induced 
by desert dust aerosols over the Arabian Sea and West Asia. 
These researchers demonstrated that rains in central India 
decreased within a week of dropping levels of dust aerosols 
over west Asia. Satheesh et al (2002) have estimated 
absorption of solar radiation by dust aerosols over Arabian 
Sea during pre monsoon season between 10 and 15 W m-2 
,which is more than the warming due to greenhouse gases. 
In a study by Mitra et al 2013, characteristics of dust 
storms in the north and north– western part of India have 
been studied using real time multi satellite observations 
and found that high resolution data of microwave and 
thermal infrared using multi-satellite observations from 
real time direct broadcast system have high potential to 
detect severe, moderate or weak dust storms. Importance 
of aerosols in relation with monsoons has been discussed 
in detail by Reddy and Reddy 2014, with an emphasis of 
need for more comprehensive efforts in this area. One of 
the difficulties scientists face is the suitability of models. 
To generate appropriate models, Indian researchers need to 
develop dust inclusive local and regional modules in order 
to get more reliable output.

Relation with air quality

Atmospheric dust has a strong negative correlation with 
air quality, which sometimes has serious human health 
effects. As mentioned earlier, this results in elevated 
levels of suspended particulate matter in ambient air, 
most of the time violating the limits prescribed by Indian 
regulatory bodies. Several studies covering cities such as 
Delhi, Kanpur and Patiala have demonstrated that dusty 
days always had remarkably higher concentrations (>150 
µgm-3) of PM10 aerosols (Mitra and Sharma, 2002; Singh 
et al., 2008; Sharma et al., 2012). Top ten locations for 
high particulate matter have been reported in north India, 

where suspended soil is abundant in the atmosphere 
(CPCB, 2012).Due to this reason, higher AOD values 
have been reported in north India as compared to south 
India (Sharma and Kulshrestha, 2014). However, studies 
reporting anthropogenic components such as carbon and 
metal contents, oxides of S and N in different size ranges 
have future scope in order to increase our understanding of 
harmful effect of dust aerosols and associated anthropogenic 
constituents.

SUmmARy

Abundance of mineral dust is an important feature 
of atmospheric environment in Indian region, which 
significantly affects Earth’s radiation budget, monsoons 
and other atmospheric processes. Very high loadings of 
atmospheric dust in Indian region are responsible for high 
levels of particulate matter; violating the prescribed limits 
of National Ambient Air Quality Standards (NAAQS).It 
is well established that high levels of particulate matter 
have human health implications. Most of this dust is 
transported from distance sources through long range 
transport. However, local sources such as re-suspension of 
soil, road dust and construction activities also contribute 
significant fraction of atmospheric dust. It has been 
noticed that in spite of its local and regional significance, 
research attempts related to various aspects of dust and its 
implications are very limited. Therefore, areas such as dust 
source inventory, long range transport of dust, combined 
characterization (including chemical, physical and optical 
properties) of mixed aerosols and their impacts on clouds 
and monsoons need further in-depth research in order 
to improve our understanding of local and regional scale 
atmospheric changes. 
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