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Abstract This study evaluates global and regional
glacier inventories (RGI, GAMDAM, ICIMOD)
against the newly generated Kashmir University
Glacier Inventory (KUGI) for the Jhelum, Suru,
and Chenab basins in the northwestern Himalaya.
The KUGI, comprising 2096 glaciers with an area
of~33000+117.8 km®. was created by manually
delineating slacier boundaries from Landsat satel-
lite data, supplemented by a Digital Elevation Model
(DEM), Google Earth images, and limited field sur-
veys. The inventory includes 154 glaciers in the Jhe-
lum basin (8594114 km®), 328 in the Suru basin
{487 £16.2 km®), and 1614 in the Chenab basin
(2727 +90.2 km®). While estimates of glacier area,
altitude. slope, and aspect of the individual glaciers
varied significantly among the four inventories, a

Tarig Abdullah and Mustafa Hameed Bhat contributed
equally to this work.

Supplementary Information  The online version
contains supplementary material available at hitps://doi.
org/ 10 1007/510661-025- 13682-7.

T. Abdullah

Department of Planning and Geomatics, Islamic
University of Science and Technology, Jammu and
Kashmir, Awantipora, Pulwama 192122, India
e-mail: tarig.abdullah @iust acin

5. A. Romshoo (=)

Islamic University of Science and Technology, Jammu and
K ashmir, Awantipora, Pulwama 192122, India

e-mail: shakilrom @kashmiruniversity.ac.in

Published online; 07 February 2025

broad similarity was found among the evaluated
imventories in terms of distribution of the most com-
mon glacier size, elevation, and slope classes. Major
ity of the of glaciers were smaller than 1 km®, while
the 1-5 km” size class accounted for the largest share
of the total glacier area. The GAMDAM 1Rf=l].?5‘1
and RGI (Rﬂ:l].?TJ inventories were relatively con-
sistent with the KUGI; however, significant discrep-
ancies were noted in the debris-covered and shad-
owed glaciers, particularly in the ICIMOD inventory.
Furthermore, the study mevealed differential glacier
area changes across the three basins from 2000 to
2020. The Jhelum basin experienced the largest area
loss (8%), followed by the Suru (4%) and Chenab
basins (3%). These area losses ame largely explained
by the prevailing topographic and morphological set-
tings of the glaciers. The development of a multi-date
KUGI with improved attributes and enhanced accu-
racy in the data-scarce Himalaya offers a meliable
database, fostering research in hydrology, glaciology,
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Abstract Eock glaciers are crucial freshwater maources, yet detailed know ledge about their dis-
tribution, characteristics, and dynamiics in the Himalayan egion is scarce. This study presents a
comprehensive rock glacker mventory of the [helum basin, Kashmir Himalaya, India, using high-
resolution Google Earth data We identified 240 rock glaciers cove ring an amea of 41.24 + 2.2 kin?,
with -76% classified as achv e, - 200% inactive, and 3.7% nelick The average apeas and lengths of these
rock glacier brpes wene (L9 ki, (06 kem?, and 0,29 km?®, and &9 m, 426 m, and 952 m, respectively.
Most rock glaciers (- 90%) wene oriented nortirwarnds (M, NE, NW), while only 5% faced southwards
(5. 5E, 5W). The lower limit of permafrost in the [helum basin is about 3316 m asl. Furthermore,
weestimabed the e storage of rock glacers in the Jhelum basin at 0,80 £ 0.13 kum?, equivalent to
072 + 012 kin? of water volume. This study enhances our understanding of permafrost distribution
and the characteristics and dynamics in the basin. Given their greater resilience to climate change
companed to clean glacers, the Inedmological significance of rock glaciers is expected o increase under
projected climate change scenarios. This stedy highlights their importance as a vital waber msounce
amidst the accelerated reoession of clean glaciers.

Keywords: rock glaciers; permafrost distribubion; foe storage; Kashmir Himalaya; climate resilience
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Abstract: Himalayan glaciers are shrinking rapidly,
especially after a2o0o0. Glacier shrinkage, however,
shows a differential pattern in space and time,
emphasizing the need to monitor and assess glacier
changes at a larger scale. In this study, changes of 48
glaciers situated around the twin peaks of the Mun and
Kun mountains in the northwestern Himalaya,
hereafter referred to as Mun-Kun Group of Glaciers
[MEGE), were investigated nsing Landsat zatellite data
during zo0o-zozo. Changes in glacier area, snout
position, Equilibriom Line Altitede (ELA), surface
thickness and glacier velocity were assessed using
remote  sensing  data  supplemented by field
oheervations. The study revealed that the NEGG
glaciers have experienced a recesgion of 4.5%+1.4%
and their snouts have retreated at the rate of G.4+1.6
m-a*, Additionally, there was a 1% increase ohierved
in the debris cover area during the observation period.
Using the pgemdetic approach, an average glacier
elevation change of -1.420.4 m-a?' was observed
between 2o0o and 2o12. The observed mass loss of the
MEGG has resulted in the deceleration of glacier
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veloeity from 27.0+3.7 mea® in 2000 to 21.2+2.2 m-a™
in 2020, The ELA has shifted upwards by 83.0+23 m
during the period. Glacier morphological and
topographic factors showed a strong influence on
glacier recession. Furthermore, a higher recession of
12.9%+3.2% was ohserved in small glaciers, compared
to 2. 7H+3.1% in larger glaciers. The debris-covered
glaciers  showed lower shrinkage (2.8%+11%]
compared to the clean glaciers (g.a4%25%). The glacier
depletion recorded in the NEGG during the last two
decades, if continued, would severaly diminish glacial
volume and capacity to store water, thus jeopardizing
the sustainahility of water resources in the basin.

Kevwords: Nun—Kun range; Glacier recession:
Glacier snout; Remote Sensing; Himalaya; Glacier
velocity

1 Imtroduction

Dutzide the poles, mountain glaciers constitute an
impartant component of the Earth's natural freshwater
gystemy  (Barry and Gan 2o} with  sohstantial
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Abstract

In the Himalaya, ice thickness data are limited, and field measurements are even scarcer. In this
study, we employed the GlabTop model to estimate ice reserves in the Jhelum (1.9 + 0.6 km®) and
Drass (2.9+0.9km?) sub-basins of the Upper Indus Basin. Glacier ice thickness in the Thelum
ranged up to 187+ 56 m with a mean of ~24 + 7 m, while the Drass showed ice thickness up to
202 £ 60 m, with a mean of ~17+5m. Model results were validated using Ground Penetrating
Radar measurements across four profiles in the ablation zone of the Kolahoi glacier in the
Jhelum and nine profiles across the Machoi glacier in the Drass sub-basin, Despite underestimating
ice-thickness by ~10%, the GlabTop model effectively captured glacier ice-thickness and spatial
patterns in most of the profile locations where GPR measurements were taken. The validation
showed high correlation coefficient of 0.98 and 0.87, low relative bias of ~ —13% and ~ —3% and
a high Nash-Sutcliffe coefficient of 0.94 and 0.93 for the Kolahoi and Machoi glaciers, respectively,
demonstrating the model's effectiveness. These ice-thickness estimates improve our understanding of
glacio-hydrological, and glacial hazard processes over the Upper Indus Basin.
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Abstract

Glaciers across the Kashmir Himalayan region are melting at an accelerated pace compared to other regions across the
Himalayan arc. This study analyzed the recession patterns of nine glaciers in the Kashmir Himalaya region over 28 years
between 1992 and 2020 using satellite images and field measurements. The recession patterns were correlated with debris
cover, topographic factors, and ambient black carbon (BC) concentration at glacier sites. HYSPLIT mode] was used to track
the air mass sources at a 7-day time-step from September 1, 2014, to September 28, 2014, over the selected region. All nine
glaciers revealed high recession as indicated by changes in the area (average recession: 20.8%) and snout position (~ 14 m
a~"). The relative percentage of debris oneach glacier varied between ~ 0% (clean glacier) and 43%. Although the investigated
glaciers lie in the same climatological regime, their topographical behavior is dissimilar with mean altitude ranging between
4000 and -~ 4700 m asl and the average slope varying from 17 to 247, All the investigated glaciers are north-facing except G2
{southerly aspect). Our results indicate anomalously high ambient BC concentrations, ranging from 300 to 1364 ng m™~, at
the glacier sites, higher than previously studied for glaciers in the Himalayas and neighboring Tibetan Plateau. The backward
air-mass trajectory modeling indicated both local and global sources of particulate matter in the study area. A comparative
analysis of BC measurements and glacier recession with the studies conducted across high Asia indicated the influence of
BC in accelerating the melting of glaciers in the Kashmir region.

Keywords Glacier recession - Kashmir Himalaya - Black carbon - Debris cover - Topography - Trajectory modeling

Intreduction

Glaciers across the Himalayan arc have been reported to be
in a receding phase (Rashid and Majeed 2018; Hugonnet
et al. 2021; Nie et al. 2021; Romshoo et al. 2022a) except
for the glaciers in the Karakoram, where stability in glacier
mass or even slight mass gain has been reported (Gardelke
et al. 2012; Kaib et al. 2012). The glacier recession rates
have been reported to be pronounced over Kashmir Hima-
laya (Rashid et al. 2017a, b; Abdullah et al. 2020; Rom-
shoo et al. 2020a; Majeed et al. 202 1a; Murtaza et al. 2021;
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Rashid et al. 2021) compared to other parts of the Hindu-
Kush Karakoram Himalaya (HKH) region (Bhattacharya
et al. 2021; Miles et al. 2021). Most of the studies consider
climate as the main controlling factor for the glacier reces-
sion (Li et al. 2016; Rashid et al. 2017a, b; Tawde et al.
2019; Romshoo et al. 2022b); however, many studies have
highlighted the influence of topography (Patel et al. 20 18a,
b; Remya et al. 2022; Chuecaet al. 2007; Pandey and Ven-
kataraman 2013, debris cover (Scherler et al. 201 1; Ji et al.
2022), and serosol deposition (Zeb et al. 2020; Azam et al.
2021; Zheng et al. 2021) on glacier melt. A decrease in
the seasonal snowfall has been reported by many studies
over the Himalayan arc in response to the warming climate
observed over the region in the last couple of decades (Dar
et al. 20014; Gusain et al. 2014; Zar et al. 2009), except for
the Karakoram region, where the extremely low tempera-
tures maintain the stability of the glaciers (Kapnick et al.
20 14; Romshoo et al. 2022a4).

The implications of glacier recession on streamflows in
the Himalayas are one of the major concerns (Immerzeel
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Knowledge of glacier mass balance (MB) is eritical for understanding glacier-climate interactions and projecting
future water availability in the data-scarce Himalayan region. In this study, we present the glaciological
(2014-2019), geodetic (2000-2014) and reconstructed (1980-2019) MB of the Kolahoi Glacier (KG) in the
Kashmir Himalaya, India. During the five-year observation period, the average in situ MB of the Glacier was
—0.83 + 0.34 m w.e. a~!, with significant inter-annual variation. The mean annual geodetic MB of the KG be-
tween 2000 and 2014 was —0.90 + 0.09 m w.e. The reconstructed MB revealed four distinet glacier recession
episodes since 1980. The Period I (1980-1990) showed a reduced mass loss of —0.27 + 0.42 m w.e. a~!, with
four years of positive mass balance. The Period II (2000-2010), on the other hand, experienced the highest mass
loss of —1.18 m w.e. a~! throughout the entire reconstructed MB series. All three MB measurement- in situ,
geodetic and simulated agreed well. The MB showed an excellent correspondence with the observed temperature
and precipitation. Analysis of the data revealed that the MB is sensitive to temperature at the rate of —0.65 m w.
e.a~! °C”!, but the sensitivity is only 0.13 m w.e. a~! for a 10% change in precipitation. Furthermore, there is a
good correlation between the simulated glacier mass loss and depleting glacier-melt in the autumn streamflow.
The mass loss of the KG is expected to exacerbate in future as a result of the projected climate change, and thus
further diminishing the streamflow of the transboundary rivers emanating from the region. It is envisaged that
the findings will contribute to a better understanding of glacier-climate interactions and their implications for
future water availability in the Kashmir Himalaya.
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Keywords: The study investigated a group of 65 glaciers, selected from different mountain ranges in the north-western
Glacje.r response Himalaya, India to understand and explain their status and response to the changing climate, surface topog-
Sarellite altimerry raphy and glacier morphology. Two-date Landsat satellite images (1990 and 2014), ICESat altimetry data, HMA
North-western Himalaya

DEM and SRTM DEM were used to estimate the changes in glacier area, snout position, Equilibrium Line Altitude
(ELA), glacier thickness and volume. The total area of the glaciers under consideration across the five ranges
shrunk from 1106 + 33.6 km® in 1990 to 1073 + 24.6 km® in 2014 with the consequent reduction in the glacier
volume from 219 + 6.66 km® in 1990 to 211 + 4.85 km® in 2014, a loss of 5.9 + 0.09 Gt during 24-year
observation period. Upward shift in ELA, ranging from 18 + 17 m to 64 + 17 m, was observed during the
obszervation period. The glaciers across the study area are losing thickness in the range of —0.59 + 0.22-1.18 +
0.40 m a™'. The study revealed that the glaciers situated at altitudes <4500 m have witnessed higher glacier area
loss (8.25 + 1.3%) compared to those situated at altitudes =6000 m (2.72 + 0.92%). The influence of size on
glacier loss iz indicated by the higher shrinkage observed for the glaciers <3 km? in size (6.75 + 1.63%)
compared to the lower chrinkage of 2.17 + 1.12% observed for the large-size glaciers (=30 km?). Significant
differences in the glacier response were observed across the five ranges due to the unique topographic and
climatic setting endemic to a particular mountain range.
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The satellite observed glacier mass
changes over the Upper Indus Basin
during 2000-2012

Tarig Abdullah, Shakil Ahmad Romshoo" ' & Irfan Rashid

Decadal glacier thickness changes over the Upper Indus Basin in the Jammu and Kashmir Himalaya
were estimated using the TanDEM-X and SRTM-C Digital Elevation Models (DEMs) from 2000 to
2012. In the study area 12,243 glaciers having 19,727 £ 1,054 km?® area have thinned on an average
of - 0.3520.33 m a~* during the abservation period. The highest thinning of - 1.69 £ 0.60 m a~* was
observed in the Pir Panjal while as the marginal thinning of - 0.11+0.32 m a- was observed for

the glaciers in the Karakoram. The observed glacier thickness changes indicated a strong influence
of the topagraphic parameters. Higher thickness reduction was observed on the glaciers situated
at lower altitudes (- 1.40+0.53 m a~) and with shallower slopes (- 1.52 = 0.40 m a™Y). Significantly
higher negative thickness changes were observed from the glaciers situated on the southern slopes
(- 0.5520.37 m a™%). The thickness loss was higher on the debris-covered glaciers (- 0.50£0.38 m a™h
than on the clean glaciers {- 0.32 £0.33 m &7%). The cumulative glacier mass loss of - 70.32 = 66.69
Gt was observed during the observation period, which, if continued, would significantly affect the
sustainability of water resources in the basin.
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Towards understanding various
influences on mass balance

of the Hoksar Glacier in the Upper
Indus Basin using observations

Shakil Ahmad Romshoo™, Khalid Omar Murtaza & Tarig Abdullah

Mass balance is a good indicator of gladier health and sensitivity to dimate change. The debris-
covered Hoksar Glacier (HG) in the Upper Indus Basin (UIB) was studied using direct and geodetic
mass balances. During the 5-year pericd from 2013 to 2018, the glacier's mean in situ mass balance
(MB) was - 0.95=0.39 m w.e. a™. Similarly, the glacier's mean geodetic MB from 2000 to 2012 was
-1.20=0.35 mw.e. a % The continuously negative MB ocbservations indicated that the HG islosing
mass at a higher rate than several other Himalayan glaciers. The glacier showed increased mass

loss with increasing altitude, in contrast to the typical decreasing MB with increasing elevation,

due to the existence of thick debris cover in the ablation zone, which thins out regularly towards

the accumulation zone. Rising temperatures, depleting snowfall and increasing black carbon
concentration in the region, indicators of dimatic change, have all contributed to the increased mass
loss of the HG. During the lean period, when glacier melt contributes significantly to streamflow, the
mass loss of gladiers has had a considerable impact on streamflow. Water availability for food, energy,
and other essential economic sectors would be adversely affected, if, gladiers in the region continved
to lose mass due to dimatic change. However, long-term MB and hydro-meteorological observations
are required to gain a better understanding of glacier recession in the region as dimate changes in the
UIB.
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ARTICLE INFO ABSTRACT
Article history: This study analyses the behaviour of an actively surging glacier, Hispar, in Pakistan using remote sensing
Received 22 April 2017 methods. We used 15 m panchromatic band of Landsat 8 OU from 2013 to 2017 to assess the changes in glader
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velocity, glacier geomorphology and supraglacial water bodies. For the velocity estimation, correlation image
analysis (CIAS) was used, which is based on normalized cross-correlation (NCC) of satellite data. On-screen
digitization was employed to quantify changes in the glacier geomorphology and dynamics of supraglacial
water bodies on the glacier. Our velocity estimates indicate that the upper part of the glacier is presently

g{;::ﬁ,ge undergoing an active surge which not only affects the debris distribution but also impacts the development of
Karakoram supraglacial water bodies. Velocities in the actively surging part of the main glacier trunk and its three tributaries
Supraglacial water bodies reach up to -900 myr ', The surge of Hispar also impacts the distribution of supraglacial debris causing folding
Clader velocity of the medial moraines features present on the glacier surface. Changes in the number and size of supraglacial

lakes and ponds were also observed during the observation period from 2013 to 2017.
Crown Copyright © 2017 Published by Elsevier B.V, All rights reserved.




