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Air pollution has become a major threat to the world in the last few decades. The particulate
component of air pollution is known as aerosols i.e., tiny solid and/or liquid particles suspended in air.
Aerosols can be divided in to two broad categories on the basis of their origin, which are natural and
anthropogenic. The major sources of anthropogenic aerosols are emissions from factories, vehicular
exhaust and other human activities like agricultural practices and biomass burning (Lau et al., 2008). The
rapid increase in the anthropogenic aerosol concentration specially in the South Asian region due to
increased industrialisation and energy demand, which is causing millions of premature deaths, affecting
cloud properties, disturbing the radiation budget, and modulating precipitation pattern (Ramanathan et al.,
2006; Ramanathan et al., 2001; Pozzer et al., 2015, Koren et al., 2010, Fan et al., 2016). Aerosols have a
multidimensional effect on the climate (Boucher et al., 2013). It directly interacts with the solar radiation
by absorbing and scattering the radiation and modulates the Earth’s radiation budget (known as the direct
effect). Moreover, aerosols also act as cloud condensation nuclei (CCN) by providing a surface for the
condensation of water vapours in the atmosphere. The water vapours are not able to condense on eachother due to high energy barrier and rather choose CCN which provides very less energy barrier (Fan et
al., 2016).These clouds further interact with the solar and thermal radiation, thereby affecting the
atmospheric temperature profiles and radiation budget indirectly (known as an indirect effect) (Feingold
2009; Peters et al., 2001). Thus, both aerosols and clouds scatter as well as absorb solar radiation and
have a major role in maintaining Earth’s climate and atmospheric circulation.
The existence of aerosols and clouds in the atmosphere is interdependent on each other. Any
changes in the concentration of aerosols is going to affect the processes of cloud formation, precipitation
and cloud radiative properties (Koren and Feingold, 2011; Ramanathan et al., 2001). Whereas aerosol
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concentration depends on the precipitation and meteorological conditions, which are largely influenced by
clouds (Kaufman et al., 2002). There are many other aspects of clouds such as its vertical structure,
hydrometeor content, microphysics and cloud lifetime that is also being affected by the types, size
distribution and concentration of aerosols in the atmosphere (Prabha et al., 2010). In Indian region the
significance of such interaction lies in the understanding of monsoon trends, cloud characteristics and
impact of climate change on society (e.g., human health issues, agricultural sustainability, precipitation
extents and natural disasters like cloud burst, flood and drought) (Ramanathan et al., 2008).
This article tends to give a glimpse about different aspects of climatic implications of aerosols
mentioned in various studies (Koch et al., 2010; Das et al., 2015; Lau and Kim, 2006; Moorthy et al.,
2007; Satheesh et al 2008; Padma Kumari et al., 2007) over the period. The different climatic
implications of aerosols are shown in Fig. 1 and discussed in following sections.
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Figure 1 The overall Impact of increased loading of aerosols on clouds, atmospheric dynamics and precipitation.
This schematics diagram is prepared using concepts given in various studies (Koch et al., 2010; Das et al., 2015;
Lau and Kim, 2006; Moorthy et al., 2007; Satheesh et al 2008; Padma Kumari et al., 2007).

2

ENVIS RP: Geodiversity & Impact on Environment, Vol -23 (2), 2017-18

Aerosols are the main determinant factor of cloud formation and cloud properties over any
region. The physical and chemical properties of aerosols along with the other thermodynamic and
dynamic parameters such as humidity, temperature, convection and updraft speed of air determine the
existence of clouds in the atmosphere (Zhang et al., 2015). The impacts of aerosol on cloud macro- and
micro-properties are studied for various cloud types in different thermodynamic environments. Clouds at
low height with super cooled state of liquid phase (e.g., nimbo-cumulous clouds) are called warm clouds,
whereas clouds that are mostly higher in the atmosphere comprised of ice particles are called ice clouds
(e.g., cirrus clouds). The ones which have both liquid water and ice content are called mixed-phase clouds
(e.g., alto-cumulous clouds).
A higher concentration of aerosol decreases the effective radius (also known as Twomey effect or
first indirect effect; Twomey, 1977) and increases the number concentration of cloud droplets (with same
amount of moisture) making stable clouds which prevent precipitation thus tend to increase the cloud
cover and its life time (Albrecht, 1989; Feingold, 2009). Aerosols also increase the cloud cover by
stabilising warm clouds through reducing collision coalescence process and thus suppressing warm rain
(Yuan et al., 2011).
Depending on the type of aerosols and its location with respect to cloud layer, they may pose both
positive and negative effect on cloud cover (Kauffman et al., 2002; Koch et al., 2010). Absorbing aerosols
(AAs; such as black carbon) embedded in the clouds tend to decrease the cloud cover due to heating thus
causing cloud burn-off/evaporation (semi-direct effect), whereas, AAs below cloud layer, stabilise the
clouds by increasing convection, thereby increase the cloud cover (McFarquhar and Wang, 2006). AAs
above cloud layer increase the stratocumulus cloud cover (by stabilising underlying layers) but may
reduce the cumulus cloud cover (Koch et al., 2010). In Indian Ocean experiment, Ackerman et al. (2010)
showed that AAs at boundary layer has lowered down the relative humidity while simultaneously
increasing the detrainment of cumulus clouds which results into ~25-40 % reduction in cloud cover
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during the daytime. Bhattacharya et al (2016) also showed an increase in cloud cover of monsoonal
clouds with an increase in aerosol concentration over Indian region using numerical model.

The vertical distribution of aerosols is directly linked to the thermal stability of the atmosphere
and which in turn affects the atmospheric circulation. Satheesh et al (2008) have shown large atmospheric
warming in pre-monsoon season due to the high concentration of vertically elevated absorbing aerosols
using ground based, aircraft and ship cruise measurements over Indian region. The role of aerosols in
atmospheric warming has not been answered satisfactorily so far, because most of such studies are based
on models (Ramanathan et al., 2007). The effect of aerosols vertical structure on the regional monsoon
system is still uncertain and needed to be studied thoroughly (Lau et al., 2006). Bill and Dolby (2008)
have shown that the black carbon layer over the Indian Ocean has reduced the cloud top height, whereas,
increasing the cloud base height which is due to its positive semi direct effect (decreased albedo due to
absorbing aerosols). The decrease in cloud albedo increases the fraction of incoming solar radiation near
the surface, which may further absorbed by the absorbing aerosol layers aloft over the northern Indian
desert region. This increased absorption has resulted into high atmospheric temperature gradients making
this region susceptible to dust storms (Moorthy et al., 2007).
The reduction in the incoming solar radiation on earth’ surface due to scattering and/or absorption
by particulate matter and clouds known as solar dimming. The clear sky dimming is mainly due to
increasing aerosols concentration, whereas, cloudy sky dimming is due to atmospheric brown clouds.
During the winter season a decrease of ~15-35 W/m2 in monthly average incoming solar surface
radiation is approximated due to solar dimming (Ramanathan et al., 2001). On the global scale the effect
of solar dimming on average maximum and minimum temperature has not been properly understood but
on regional level solar dimming has found out to be effectively masking the effect of green house
warming on average maximum and minimum temperature (Padma Kumari et al., 2007).
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Monsoonal rainfall is the major source of water for our surface water systems (river, lakes and
ponds) and groundwater system. It also drives the agricultural system of India by not only providing the
water but also bringing the nutrients in the Indo-Gangetic plains. Fortunately a lot of studies came up
recently on the association of monsoonal rainfall to aerosol loading and clouds (Sarangi et al., 2017; Mao
et al., 2018; Das et al., 2015). The effect of aerosols on Indian monsoon is complex. Aerosols (such as
dust, sulphates, black carbon and organic carbon from industries and biomass burning etc.) contribute
variably to both heating and cooling during different seasons of the year. The aerosol forcing by sulphates
and black carbon is found to affect the Indian monsoon enormously as compared to other aerosols (Sikka,
2006).

Lau and Kim (2006) have found that these aerosols are involved in the heating of upper

troposphere (elevated heat pump hypothesis) during the pre-monsoon season which results into an early
onset of monsoon in India. These aerosols are also involved in the warm core anticyclone formation in
Tibetan plateau because of which the rainfall in Indian subcontinent increases but decreases in East Asia.
The increasing number of anthropogenic aerosols are influencing the monsoonal cycle through its
significant impact on the radiation budget in the atmosphere (Ramanathan et al., 2001). Das et al (2015)
have shown that the anthropogenic aerosols are involved in the weakening of monsoonal wind circulation
due to solar dimming effect. It also inhibits the moisture transport from the Bay of Bengal (BoB) thus
increasing the precipitation over the east coast of India.
The understanding of aerosol-precipitation relation is greatly enhanced by the cloud - aerosol
interaction and precipitation enhancement experiment (CAIPEEX) by providing a vast amount of data
through the various aircraft launches. The results obtained through CAIPEEX have shown that the warm
rain amount has got increased but its initiation got delayed due to large number concentration of cloud
droplets as a result of pollution (Kulkarni et al., 2012). Lin et al (2018) have shown that the extreme
rainfall events during the second half of the last century are mainly due to enhanced pollution contributed
by aerosols. Absorbing aerosols are found to be a prominent reason for the increase in summer flooding
in one region and drought in another region in the recent decade over South Asia (Menon et al., 2018).

5

ENVIS RP: Geodiversity & Impact on Environment, Vol -23 (2), 2017-18

We have discussed the multidimensional climatic implications of aerosols in this article which
includes impacts on clouds, atmospheric dynamics and precipitation. The effect of aerosols on clouds at
any place or time depends on multiple factors such as aerosol’s chemical composition, concentration, its
relative position with respect to cloud layers and prevalent meteorological conditions. Aerosols impact
the atmospheric dynamics through various modes of interaction with radiation and clouds. Again all these
effects depend on the radiative properties of the aerosols. There is significant disagreement amidst
various studies done on the impact of aerosols on monsoon/precipitation over the Indian region. For
example, few studies have shown the weakening of the monsoon in the mainland region, which result into
more rain in coastal regions. Whereas, some studies have shown that the aerosols are responsible for an
early onset of monsoon in the Indian region due to tropospheric heating by absorbing aerosols. All in all,
this article shows that all kinds of climatic implications of air pollution finally lead to an impact on the
hydrological cycle, thereby, water availability over the region.

Authors would like to thanks the DSA - SAP II and DST-Purse grants for carrying out research activities
in School of Environmental Sciences, Jawaharlal Nehru University. This article is a part of PhD research
of Ms. Saloni Sharma.
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Air pollution is an issue of increasing global concern. It is defined as “a situation in which
substances that result from anthropogenic activities are present at concentrations sufficiently high above
their normal levels to produce a measurable effect on humans, animals, vegetation or materials” (Seinfeld
and Pandis, 1998). The World Health Organization (WHO) in 2018 revealed that 9 out of 10 people in the
world breathe polluted air, causing approximately 7 million deaths annually. Air pollution is a major
factor for non-communicable diseases, resulting in approximately 43% of all adult deaths from chronic
obstructive pulmonary disease, 29% from lung cancer, 25% from stroke and 24% from heart diseases
(WHO 2018). It is predicted that the contribution of ambient air pollution to premature mortality could
double by 2050 (Lelieveld et al 2015).
The US EPA recognizes six major criteria pollutants, viz ground level ozone, particulate matter,
lead, carbon monoxide, sulphur dioxide and nitrogen dioxide to characterize the air quality as a part of its
National Ambient Air Quality Standards (NAAQS).
Sufficiently long exposure to ground level ozone is known to affect respiratory function among
humans. It is also associated with asthma, chronic obstructive pulmonary disease, premature mortality
and other respiratory diseases (Ebi & McGregor, 2008).
Particulate matter (PM) is another pollutant that is critical for human health. It poses a serious
health risk, especially when it has an aerodynamic diameter less than 2.5µm (PM2.5). Exposure to high
concentrations of particulate matter has been found to be associated with several respiratory ailments such
as bronchitis, asthma, pneumonia and other acute respiratory infections (Yadav et al 2003). Ambient
particulate matter is the 6th largest cause of death all over the world (State of Global Air, 2018).
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Exposure to high concentrations of sulphur dioxide and nitrogen dioxide has been found to be
associated with irritation in eyes, nose and throat, difficulty in breathing, increased incidence of
respiratory ailments and cardiovascular complications (Kamarehie et al 2017).
Exposure to high levels of carbon monoxide leads to the formation carboxyhaemoglobin in the
blood, resulting in decreased oxygen uptake capacity, decreased performance of complex sensorimotor
tasks, increased premature mortality and congestive heart failure (McGranahan and Murray, 2012).
Lead is another air pollutant that has a significant bearing on human health. Lead exposure may
cause functional impairment of kidneys and other human systems such as nervous, immune, reproductive
and cardio-vascular. Among the infants and young children, Lead may cause behavioural problems and
impairment in learning ability (US EPA).
The various human health implications of air pollution are shown by schematic diagram in Figure 1.

Figure 1: Impacts of air pollution on human health

10

ENVIS RP: Geodiversity & Impact on Environment, Vol -23 (2), 2017-18

Global estimates have shown that air pollution linked mortality is the highest in China and India
(Leliveld et al 2015). The situation is particularly acute from India’s perspective as several of its
prominent cities fall in the list of 20 most polluted cities in the world (WHO AQI Database 2018). New
Delhi, the capital city of India was infamously labelled as the most polluted city in the world in the year
2014 in terms of PM2.5 (WHO AQI Database 2014). Every year, with recurring episodes of smog, the
residents of Delhi are exposed to extremely high levels of particulate matter and other pollutant gases in
the months of October and November (Sati and Mohan, 2014). During Diwali in November 2016, PM2.5
levels were reported to be 14 times the prescribed standards, and were even higher than those during the
London Smog incident of 1952 (Narain and Rowchowdhury 2016).
The health costs incurred due to exposure to air pollution adversely impacts the economy as well.
A report by the World Bank estimates that India may have incurred economic losses due to air pollution,
as high as $505 billion, or approximately 7.7% of its GDP in 2013. This is the second highest proportion
of losses incurred after China (World Bank and Institute for Health Metrics and Evaluation, 2016).
All in all, air pollution is an issue that needs to be dealt with utmost seriousness. Claiming
millions of lives every year, it poses a major threat to not only life forms, but to the economy, agriculture
and human capital also. Thus, there is a need to develop information systems that integrate air pollution
and incidence of various respiratory ailments. The Sustainable Development Goals (SDGs), which were
set by the United Nations General Assembly in 2015, lay special emphasis on reducing air pollution in
order to achieve a better and more sustainable future for all. In this regard, SDG 3.9 focuses on reducing
mortality from environmental pollution, while SDGs 7.1 and 11.6 emphasize on clean energy and
amelioration of urban air quality respectively, by the year 2030. It is high time we take collective action
to combat this silent killer, and ensure clean breathable air for all.
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This Seminar had been organized at School of Environmental Sciences, JNU by AAJ in association with
IAAPC, Delhi Chapter; GRC India and SEARCH Foundation on ‘‘Combating Air Pollution & Health HazardsIndian Research, Policy & Practice Divide and the way forward”.
In this alignment eminent scientists and experts from seven different research areas had been invited to
deliver the lecture, Dr. G.C. Kilnani, Former HOD, Dept. of Pulmonary Medicines and Sleep Disorders, AIIMSNew Delhi; Dr. Sagnik Dey, IIT-Delhi; Prof. A.L. Agrawal, from NEERI, Chair-Professor-ISM, Dhanbad; Er. S.K.
Gupta, MD Envirotech; Dr. J.K. Moitra, Former Scientist CPCB; Dr. Praveen Verma, Sr. Scientist, NIPGR; Prof.
Krishan Kumar, SES, JNU and Dr. Amit Mishra, SES, JNU respectively has separately shared their opinion over
the menacing issue of air pollution to restore the environment. The experts from different specialization have been
called at a single platform so that it may come to a concertized solution to the looming trouble. The organizer of the
program Dr. Dheeraj Kumar Singh said, “we will raise our voice to the Govt. ministry at center/state level”. Dr.
Khilnani had shown the impact of air pollution on pulmonary health of a patient from Delhi than in the Uttarakhand
in his presentation.
Scientists have motivated the scholars to keep on doing pollution monitoring. They have emphasized on
the fact that it is important to monitor the pollution but more important aspect is to identify, which pollutant is
contributing as crucial component of the same so that it may tackle the immediate situation. SES/JNU is putting its
conscientious efforts to prevent the Air pollution & overall environmental sustainability of the mother earth; this
year an improvement has been observed in air quality Index (AQI), expected to have more improved results in
coming time.
Manish Jangid
Research Scholar
School of Environmental Sciences
Jawaharlal Nehru University
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Figure I. Dr. Amit Kumar Mishra (Assistant Professor, SES/JNU) & Dr. Praveen Kumar Verma (General Secretary,
AAJ/JNU) welcoming Eminent Speakers & Guests.

Figure II. Presentation during Technical Sessions by Eminent Speakers.
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IIT-Indian School of Mines (ISM), Dhanbad, Jharkhand.
Indian Institute of Tropical Meteorology (IITM), Pune, Maharashtra.
Asian Development Research Institute (ADRI), Patna, Bihar.
Environment Protection Training and Research Institute (EPTRI), Hyderabad, Andhra Pradesh.

Central Pollution Control Board (CPCB), Delhi.
Tripura State Pollution Control Board (TSPCB), Agartala, Tripura.
Puducherry Pollution Control Committee (PCC), Pondicherry.
Mizoram Pollution Control Board (MPCB), Aizawl, Mizoram.
Uttarakhand Environment Protection & Pollution Control Board (UEPPCB), Dehradun, Uttarakhand.
Nagaland Pollution Control Board (NPCB), Dimapur, Nagaland.
Central Pollution Control Board-Regional Division (CPCB-RD), Shillong, Meghalaya.
Central Pollution Control Board-Regional Division (CPCB-RD), Bengaluru, Karnataka.
Central Pollution Control Board-Regional Division (CPCB-RD), Lucknow, Uttar Pradesh.
Central Pollution Control Board-Regional Division (CPCB-RD), Kolkata, West Bengal.
Central Pollution Control Board-Regional Division (CPCB-RD), Bhopal, Madhya Pradesh.
Central Pollution Control Board-Regional Division (CPCB-RD), Vadodara, Gujarat.
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