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The extensive work on the increasing burden of aerosols and resultant climate implications shows a matter of great

concern.
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1. Introduction

Climate change has been mainly attributed to increased atmospheric greenhouse gases (GHGs) leading towards a

warming climate. Apart from GHGs, scientists are also assessing the impact of aerosols in acting as the agents of the

warming climate as a result of their established function in affecting the atmospheric energy balance and thus directly

affecting global climate model (GCM) predictions. This uncertainty in the GCM projections is partly incorporated by an

incomplete understanding of how aerosols affect various climate system components. Aerosols are tiny particles existing

in solid, liquid, or gaseous phases (from 0.001 μm to 100 μm), getting circulated between the land surface and

stratosphere . Biomass burning, mineral dust, volcanic eruptions, and incomplete combustion of fossil fuels are

prominent sources of atmospheric aerosols . Aerosols of anthropogenic origin influence the microclimatic system

through their absorption and scattering of incoming solar radiations .

Aerosols interact with incoming solar radiations, either by the way of scattering or absorption, leading to either a cooling or

warming effect on the atmosphere’s overall energy budget, respectively . It further depends on the land surface and

cloud properties. As a result of this interaction, various global atmospheric processes such as regional and local

hydrological cycles , monsoons , and vertical atmospheric heating profiles are affected . On land, due to the

warming effect of aerosols, a direct impact in the form of the accelerated melting of glaciers has been reported . Hence,

studying atmospheric aerosol and its impact on certain regions of the Earth, considering the indicator-regions of climate

change, such as the Himalayas, has been at the forefront of recent studies in climate change science. Studies have

concluded with substantial evidence regarding the role of aerosols in inducing tropospheric heating results in the alpine

regions of the Himalayas along with their elevated sites .

In this work, we made an attempt to understand co-variability between aerosols originating over West Africa and West

Asia and appearing heavy loads of aerosols over the Arabian Peninsula and hence its role in generating a dusty aerosol

layer along the northwestern part of Indian Himalaya foothills. This dusty layer forms a layer of aerosols along the foothills

of the Indian Himalaya and gives rise to the mechanism so-called “elevated heat pump” . This mechanism amplifies the

seasonal heating along with the elevated sites of the Indian Himalaya, leading to increased tropospheric warming,

particularly from April to June , subsequently amplifying and strengthening the monsoon rainfall over northern

India between June and July.

Anthropogenic distinctive aerosols have dominated and influential contribution in the microclimatic system through their

absorption and scattering properties to solar radiation. This study provides important insight for carrying out studies on the

transport of aerosols and their impact over the Himalayan region . The scientific research of aerosol characteristics

and transportation to the sensitive geographical part of the globe makes us clear about atmospheric warming, glacier

retreat, and regional climate change . A holistic assessment of the aerosol optical and transportation can improve the

modeling of aerosol effects and variations in the albedo of snow/glaciers over the Trans-Himalayan region . The

emission of anthropogenic particles accelerates the changes in the critical physical signature of the Himalayan Mountain

ranges, which is nowadays called the aerosol factory of the globe . It has been seen the impacted region over the world

due to implications due to climate change in the Himalayan ranges .
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2. A View of Global Aerosol Characteristics

Figure 1 is drawn to illustrate seasonal changes in aerosol characteristics, i.e., aerosol optical depth (AOD) at 0.55 μm

wavelength. From the figure, it depicts that the distribution of aerosols is not uniform. The continental aerosol plumes

disperse over a wider area of oceanic regions. MODIS observations recognize that the Sahara dust plume is the globally

distributed aerosol plume and is extended to several thousand kilometers over the Atlantic Ocean. MODIS observations

also identified a few more aerosol hotspots, such as the Taklamakan region, the eastern part of China, the tropical part of

Africa, the Arabian Sea, and Indo-Gangetic Plains (IGP). The AOD over these aerosol hotspots regions in most of the

months of the year remains more significant than 0.6.

Figure 1. Characteristics of global AOD at 0.55 μm wavelength (period: 2000–2013).

Moreover, atmospheric changes due to aerosols are operative in these aerosol hotspots areas . The AOD

characteristics for the period of March–May were found different from that of September–November. The seasonal

biomass burning, particularly during September–November, is eye-catching over the Amazon basin in South America and

South Africa . This feature reflects the seasonal dependent behavior of AOD characteristics. The seasonal

dependent behavior of AOD characteristics can also be seen over the Mediterranean and the Arabian Sea, as reported by

Sheel et al. .

3. A View of Regional Aerosol Characteristics: Indian Region

The maps of regional AOD characteristics over the Indian region depict that the aerosol distribution pattern is more or less

similar in all years (Figure 2). These maps are drawn using an integrated approach of MODIS sensors, i.e., Dark Target

and Deep Blue, which have separate land and ocean algorithms. There can be noticed with a decreasing pattern in

aerosol distribution from 2003 to 2007, whereas there observed no significant change over the Arabian Sea with shifts to

higher aerosol loadings. The signatures of aerosol burden over the Arabian Sea before and after 2007 are distinguishable.

The satellite maps suggest heavy dust storms after 2007 .
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Figure 2. Time-averaged maps of Dark Target plus Deep Blue AOD at 0.55 μm wavelength for each year, i.e., from 2001

to 2015.

The western part of India, particularly Rajasthan, was observed with extensive aerosol loading followed by Gujarat. A

slight decrease in annual mean AOD can be noticed in the following years, which could be related to enhanced forest

cover and rainfall . A moderate AOD can be seen over Madhya Pradesh and western Maharashtra. Eastern India

comprises the IGP region and observes a heavy aerosol burden. The sizeable annual aerosol loading can be ascribed to

its topography (i.e., northern plain and the elevated Himalayas), patterns of wind, and higher emissions from

anthropogenic sources . The amount of aerosol was noted over West Bengal, followed by Bihar and Jharkhand. The

eastern states observe moderate to low aerosol loading. Satellite observations capture an increasing pattern from west to

east, especially IGP. Southern India experiences a relatively low aerosol burden. However, moderate to high aerosol

loadings in surrounding oceanic regions can be observed. The Southern part of India (Kerala, Karnataka, and Tamil Nadu)

experiences the lowest aerosol burden, particularly in the winter season, whereas the maximum is in the monsoon.

4. Observational Evidence of Aerosol Transport towards the Elevated
Sites of the Himalaya

Figure 1 and Figure 2 confirm that IGP is an aerosol hotspot area in the Himalayan foothills. The aerosol accumulated

along the elevated sites of the Himalayas is mainly associated with desert dust , which is primarily transported from

western regions . These dust plumes are further transported towards elevated Indian Himalaya, imposing a severe

threat to the Himalayan glaciers. The collective approach of HYSPLIT back-trajectory analysis, MODIS, and CALIPSO

observations is a vital tool to identify aerosol sources employing transport from the distant source origin. This collective

approach was previously used in numerous studies .

Globally, the incidences of events of dust storms are the most prevalent atmospheric phenomenon from March to June.

The Sahara Desert, the Thar Desert of India, and the Arabian region are the primary origins of aerosols of desert dust.

Desert dust originates over these regions and then is widely distributed by means of atmospheric transport. The

observational evidence of atmospheric dust transport (dust plumes) is revealed from the satellite imaginaries (see Figure
3).
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Figure 3. Satellite imaginaries showing transport of desert dust on (a) 9 June 2010 and (b) 10 June 2010 (Source: NASA

Image Courtesy, 2010).

On 10 June 2010, the MODIS on the Terra satellite recorded a massive dust plume that swept across the Sahara Desert

(Figure 3a). The plume spreads from Mauritania through Mali and into Algeria, appears only slightly brighter than the

earth-toned terrain below. The dust plume develops unique wave patterns over Algeria, but it is thinner than it was over

Mali. The dust storm’s source locations aren’t visible in this view, but vast sand seas engulf almost all of Mauritania,

crossing the Mali–Algerian border. The original dust plumes are thought to have originated in the southwest and blown

northeast, churning up further dust and dirt along the route. On 9 June 2010, thick clouds of desert dust blew across

Pakistan (left) and India (right) in the base of the Himalayan Mountains (Figure 3b). The MODIS-Terra satellite obtained

this image of the incident. On the snow-capped peaks of the Himalayas at the top right and the Indo-Gangetic Plain, the

storm looks to be putting down a blanket of dust. We infer from satellite image analysis that many dust aerosols start over

the Sahara, India’s Thar Desert, and the Arabian area and then travel to the northern section of the country, impacting

regional climate.

To investigate the influence of atmospheric dust transport in modulating the physical properties of aerosols, we took the

example of a typical month, i.e., May 2016, and the day of low aerosol loading (7 May 2016) and extensive aerosol

loading (27 May 2016) are analyzed. The aerosol volume size distribution (DV/dlnR) depicts aerosols’ bi-modal structure

(Figure 4). AERONET station installed at IIT Kanpur is one of the represented sites in IGP. The aerosol volume

distribution is estimated from the spectral Sun and sky radiance data using a well-explained technique by Dubovik and

King (2002) . We found that during dust aerosol loading day, the volume concentration of aerosols in the size range of

1.3–8.0 μm has increased significantly, implying the domination of coarse-mode particles. Dubovik et al. (2002) observed

this type of volume size distribution for desert aerosols. For size particles r < 1.0 μm, there is no significant variation, even

during dust loading day, which results in atmospheric transport carrying desert dust (a source of coarse-mode aerosols).

Similar results by Dey et al. (2004) report that during dust episode days, the concentration at coarse-mode rises three

times, with little change in volume of fine particles . The aerosol volume size exhibits two prominent characteristics: fine

particles r < 1.0 μm and coarse particles r > 1.0 μm.
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Figure 4. Characteristics of aerosol size distribution during low and significant aerosol loading days.
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