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Himalayan glaciers‒ the store house of fresh water
outside the polar region contributes ~45% of the total
river flow by glacial melt in the Indus, Ganga and
Brahmaputra watersheds which supports the livelihood of
~500 million people [1]. The sustainability of these rivers
is being questioned because of the growing evidences of
accelerated glacier retreat in the recent decades, which is
expected to have cascading effects on the mountainous
areas and their surrounding lowlands. The rapid melting
of Himalayan glaciers reveals their sensitivity to ongoing
changes in climate dynamics, and if the current trend
continues, rivers that rely heavily on snow/ice melt are
expected to suffer hydrological disruptions to the point
where some of the most populous areas may ‘run out
of water’ during the dry season [2,3]. Therefore, efforts
are being made to study the glacier mass balance trends
in order to understand the patterns and causes of recent
recessional trend. Despite their importance, the absence of
long-term mass-balance and remote sensing data restricts

our knowledge of the Himalayan glaciers’ sensitivity/
response to climate change. Furthermore, such studies
may be insufficient unless are compared to long-term
glacier fluctuations (millennial and multi-millennial
time scales), which aid in better understanding the
natural trends of and human impacts on climate change,
as well as assessing the causes and possible future of
contemporary shrinking glaciers. This will also improve
our understanding of past glacier behaviour in the context
of primary causes of glacier change, which is critical for
water resource management and understanding climate
variability in high alpine areas where alternative proxy
climate archives are typically scarce. Therefore, it is
pertinent to pool our scientific resources and energy (i)
towards understanding the Himalayan glaciers’ feeders
(precipitation sources) and how they changed over time
(geological and historical), as well as the causes of
glaciers recession, one of which has been identified as (ii)
black soot (carbon) in aerosol pollution.
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Identifying the temporal changes in moisture sources:
Glaciers in the Himalaya owe their existence to the
precipitation brought by the two important weather
systems viz. The Indian Summer Monsoon System (ISM)
which forms a major component of the larger Asian
Monsoon System and the mid-latitude westerlies. The ISM
system is rooted in the larger atmospheric phenomenon
with 1) the seasonal migration of seasonal migration of
the Inter-tropical Convergence Zone (ITCZ), which is
mainly governed by the seasonal variation of the latitude
of maximum insolation [4,5], and 2) the seasonal reversal
of winds, governed by the annual cycle of solar radiation
interacting with different heat capacities of the Tropical
Ocean and land areas (meridional pressure gradient)
resulting in differential heating [6,7]. Whereas the maximum
precipitation across the western Himalaya occurs in
combination with westerlies, which are synoptic weather
systems that propagate eastward from the Mediterranean
region towards South Asia and are strengthened during
periods of ice sheet expansion.
Being the most dominant weather system, the
contemporary relationship between the ISM and the
Himalayan snow cover has been the subject of extensive
scientific research. In the recent years numerous studies
investigated the relationship between ISM rainfall and snow
cover over Himalaya. The results show that winter and
spring snow cover over western Eurasia (eastern Eurasia) is
negatively (positively) correlated to the subsequent summer
monsoon [8]. Enhanced mid-latitude westerlies (westerly
disturbances) that develop over the Mediterranean Sea/
Black Sea/Caspian Sea as extratropical frontal systems,
account for snow at the higher elevations of the NW and
Central Himalaya in the winter [9]. In comparison, glaciers in
the eastern Himalaya get the majority of their precipitation
during the summer SW monsoon months, which also
coincide with the melting season. As a result, the western and
northwest glaciers are winter accumulation type, whereas
their eastern counterparts are summer accumulation type.
These inferences are drawn based on limited mass balance
studies skewed towards summer months and scanty isotopic
data obtained on snow and glacial melt. Thus, above these
propositions are highly debatable and inconclusive.
Here it is worth mentioning that the Himalayan
topography plays a significant role in modulating the relative
influence of the ISM and westerly disturbances along and
across the Himalaya. These weather systems define the
magnitude and spatial extent of the glaciers in the Himalayan
orogen [10-12]. The deep time inferences (millennial and
multi-millennial time scales) regarding the contributory
role of the ISM and westerlies in nourishing the Himalayan
glaciers are largely drawn based on the chronologically
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constrained moraine stratigraphy and their correlation with
the standard climatic curves. The study although provides
a broad idea about temporal changes in moisture sources,
however, because of strong chronometric dependency, the
inferences about moisture sources would remain tentative
and speculative. In view of this, the credible inferences about
the spatial and temporal variability in the source of moisture
towards the growth of Himalayan glacier should use the long
(time) ice core data implying the isotopic fingerprinting of
the ice core time slices.
The stable isotope ratios of oxygen (δO18), hydrogen
2
(δ Η) and deuterium excess (d−excess) have been widely
used for tracking the moisture sources and transport
pathways of moisture laden air masses. The stable
isotopic studies have also been used in quantifying the
relative contributions of different moisture sources as
well as reconstructing past climate variability [13,14]. Ice
cores recovered from the northern slopes of Himalaya
and Tibetan Plateau have provided some of the best high
resolution records of past climate in the region. The
stable isotope analyses of winter snow cover and summer
rainfall along transect from the NW Himlayan (Ladakh)
to the eastern Himalaya (Arunachal Pradesh) will help in
establishing the spatial influence of the moisture sources.
The relative contributions of the moisture source(s),
their temporal variability and the corresponding growth/
shrinkage (advance/retreat) of glaciers can only be
addressed through long (time) ice core data implying the
isotopic fingerprinting of the ice core time slices.
(ii) Impact of black soot (carbon) and mineral aerosol:
Black soot in aerosol pollution can warm the troposphere,
perhaps leading to surface melt [15,16]. Absorption is
primarily caused by the black carbon (BC), whereas
organic carbon (OC) absorbs mainly in the UV and
slightly in the visible range. Black soot incorporated in
snowflakes darkens snow and ice surfaces, increasing
surface melt [17,18]. The extensive black soot aerosols
might be lofted to the high Himalaya and incorporated
in snowflakes, which when descending on the glaciers
darken their surface. The presence of BC and OC in
Himalayan snow and ice has inspired preliminary research
on the subject, and its function in glacier melting has yet
to be thoroughly assessed [19].
According to studies, soot may be the second most
important component of global warming, after carbon
dioxide, in terms of direct radiative forcing. Soot is
anthropogenic in origin (combustion of biomass and fossil
fuels); mineral aerosols, on the other hand, are naturally
occurring continental dust from dryland areas carried by the
winds. There are evidences to suggest that air-temperature
trend over the Himalayan region has accelerated (between
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0.15 and 0.3 K/decade) in recent decades. Unlike soot, the
mineral aerosols are anticipated to have a negative forcing at
the Earth’s surface as they tend to scatter or absorb insolation
and thus affect the radiation budget. Among aerosol
constituents, black carbon (BC) is a key absorbing aerosol
constituent formed by incomplete combustion of biomass,
biofuel, and fossil fuel. The concentrations of aerosol are
increasing over the Indian subcontinent and are expected to
serious implications on the neighboring Himalayan glaciers
through snow albedo reduction and accelerated melting of
snow [20].
As such studies –till date- remain elusive from the
Indian Himalaya, rational explanations for the complex
and varying pattern of glacier response to climate variables
across different sectors remain a source of contention. We are
aware that there are logistical constraints as well as problems
associated with ice core retrieval due to the less dense nature
of Himalayan glacier ice, which prevents core recovery,
but we must consider trying methodology so that some key
glaciers located in climatically strategic locations can be
drilled. Therefore, to begin with we must occupy the glaciers
located in the climate sensitive transitional climatic zone in
the Himalaya which are influenced by both the westerlies
and the ISM.
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