Collaborative paper of Dr. Irfan Rashid with Prof. Neil Glasser, Aberystwyth University,

UK [https://www.aber.ac.uk/en/dges/staff-profiles/listing/profile/nfqg/]

published in

Geomorphology [IF-3.1]

Geomorphology 351 (2020) 106957

journal homepage: www.elsevier.com/locate/geamorph

Contents lists available at ScienceDirect

Geomorphology

The January 2018 to September 2019 surge of Shisper Glacier, Pakistan,
detected from remote sensing observations

Irfan Rashid **, Ulfat Majeed ?, Azra Jan ?, Neil F. Glasser ®

* Geoinformatics Program, Department of Earth Sciences, University of Kashimir, Hazratbal Srinagar, Jammu and Kashmir 190006, India
" Centre for Glaciology, Department of Geography and Earth Sciences, Aberystwyth University, Aberystwyth, Wales SY23 3DE, UK

ARTICLE INFO

Article history:

Received 4 October 2019

Received in revised form 9 November 2019
Accepted 9 November 2019

Available online 11 November 2019

Keywords:
Shisper Clacier
Glacier surge
Karakoram
Glacier velocity
Remote sensing

ABSTRACT

This study analysed the actively surging Shisper Glacier in the Karakoram region of Pakistan using earth observa-
tion data from Landsat 8 OLl and Planet images. Changes in the surface glacier velocity, supraglacial moraines and
debris cover were assessed using Landsart 8 data at monthly time-steps from January 2018 to May 2019. High res-
olution data from Planet Labs was used to precisely detect the snout advance and ice-dammed lake expansion.
Downstream cross-section profiles of the valley were generated using a moderate resolution digital elevation
model to assess the inundation in the event of rapid ice-dammed lake drainage. Correlation Image Analysis Soft-
ware working on the prindple of normalized cross-correlation was used to generate time series monthly surface
velocity profiles for Shisper Glacier. Manual digitization at 1:30000 scale was used to delineate supraglacial mo-
raines and supraglacial debris cover. The glacier surface velocity profiles indicate that the ablation zone of the gla-
cier continues to be in an active surge phase resulting in advance of the snout and expansion of the ice-dammed
lake. Surface glacier velocities are as high as 48 m d ™', Between 18 December 2018 and 8 May 2019, the glacier

lce-dammed lake snout advanced at -6 md " with a total overall advance of 860 m. The lake formed due to damming of an outflow
CloFhazard stream from Mochowar Glacier expanded to its maximurm area (29.69 ha) in May 2019 before drainage started
on 23 June 2019, Our estimates indicate that the peak discharge in case of rapid drainage could vary between

5033 m® s~ and 6167 m® s~ and potentially affect infrastructure downstream.
© 2019 Published by Elsevier B.V.
1. Introduction glaciers makes drawing (paleo)climate inferences from such glaciers

Glacier surges are characterized by flow velocity variations where a
gladier can advance very rapidly (10-100 times faster than normal) in a
short time period (lasting few months to few years). This phenomenon
has been reported from across the globe, for example, the Andes of
Argentina, Alaska, High Mountain Asia ( Karakoram and Pamir), Patago-
nia, Svalbard and Greenland (Hewitt, 1998; Sevestre and Benn, 2015;
Yasuda and Furuya, 2015). Surge-type glaciers undergo a short-lived ac-
tive phase characterized by high flow velocities, and a quiescent/stable
phase that usually lasts for a decade or more | Meier and Post, 1969). Al-
though glacier surges in the Karakoram remain poorly understood
(Hewitt, 2005), velocities associated with surge-type glaciers increase
by ~200% during the active phase (Hewitt, 1969; Jiskoot, 2011). How-
ever, studies indicate that the majority of the surge-type glaciers are
often associated with ‘feeder’ tributaries and are 12-25 km long
(Hewitt, 1969, 2007). Although the dynamics of mountain glaciers
have been extensively used to extract climate signals (Oerlemans,
2005; Banerjee and Azam, 2016) the anomalous behaviour of surging
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difficult.

Karakoram glacier surges can occur at any time of year (Quincey
et al., 2015). While some surges build-up extremely fast, others tend
to grow gradually over time often resulting in substantial advance of
the glacier snout (Kick, 1958; Gardner and Hewitt, 1990). The glacier
surges in Karakoram could be either triggered by changes in thermal re-
gimes (Hewitt, 2007) or changes in subglacial hydrological regimes
(Copland et al,, 2011; Mayer et al., 2011). While some studies indicate
that glacier surges in the Karakoram are triggered by an interplay of
thermal and hydrological conditions (Quincey et al,, 2015), others sug-
gest that the glacier surges could be controlled by landscape topo-
graphic (Lovell et al., 2018) and geomorphic characteristics (Paul,
2019).

The active surge phase at times blocks the path of rivers resulting in
the formation of ice-dammed lakes (Mason, 1935; Hewitt, 1969; Hewitt
and Liu, 2010) and also threatening life and key infrastructure like roads
and bridges (Richardson and Reynolds, 2000; Ding et al, 2018). For in-
stance, Steiner et al. {2018) reported on the surge of Khurdopin Glacier
(Lat: 36" 16 14" N; Lon: 75" 28’ 40" E) where an ice-dammed lake
formed as a result of blockage of a tributary river, posing a threat to
the communities and infrastructure downstream in case of an outburst.
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Kashmir has recently suffered extreme
flood disasters

Historical and tree-ring flood records
show the occurrence of extreme floods
events over last millennium

* The gained records contribute to a bet-
ter flood-hazard assessment.

This information is relevant for flood
mitigation under the Indus Water
Treaty.
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In September 2014, the Kashmir valley (north-west India) experienced a massive flood causing significant eco-
nomic losses and fatalities. This disaster underlined the high vulnerability of the local population and raised ques-
tions regarding the resilience of Kashmiris to future floods. Although the magnitude of the 2014 flood has been
considered unprecedented within the context of existing measurements, we argue that the short flow series
may lead to spurious misinterpretation of the probability of such extreme events. Here we use a millennium-
long record of past floods in Kashmir based on historical and tree-ring records to assess the probability of
2014-like flood events in the region. Our flood chronology (635 CE-nowadays ) provides key insights into the re-
currence of flood disasters and propels understanding of flood variability in this region over the last millennium,
showing enhanced activity during the Little Ice Age. We find that high-impact floods have frequently disrupted
the Kashmir valley in the past. Thus, the inclusion of historical records reveals large flood hazard levels in the re-
gion. The newly gained information also underlines the critical need to take immediate action in the region, so as
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ABSTRACT

This study assessed spatiotemporal changes at Gya Glacier, the associated development of a proglacial lake, and
reconstructed the 2014 outburst flood that struck Gya Village in the Trans-Himalayan region of Ladakh, India.
This study analyzed and for the first time modeled a Glacial Lake Outburst Flood (GLOF) event in the Trans-
Himalayan region of Ladakh. Glacier and glacial lakes changes were quantified using remote sensing data supple-
mented with field observations. Glacier ice-thickness and glacier-bed overdeepenings were modeled using a
shear-stress based model, GlabTop (Glacier-bed Topography). The reconstruction of the 2014 GLOF and the po-
tential hazard assessment of Gya Lake were carried out using the hydrodynamic model HEC-RAS; results were
validated against ground-collected data. Temporal evaluation of satellite data revealed a 45.6% loss in the total
glacier area between 1969 and 2019. The earliest snow-free image available for the region shows that a proglacial
lake existed as early as 1969 with an area of 3.06 ha. The lake has expanded to ~11 ha in 2019. Results from the
GlabTop model suggest that the lake could grow further up to 12 ha in the future. Field-based geomorphic indi-
cators suggest that the 2014 GLOF event resulted from a piping failure of the frontal moraine destroying
numerous agricultural fields, some buildings, downstream infrastructure, and eroded natural channel embank-
ments. The reconstruction of the event revealed that 25% of the lake waters drained out with a peak discharge
of 470 m*s~', inundating an area of ~4 km? around Gya Village. However, a complete breaching of the terminal
moraine could result in an event that would be 5.5 times larger than the 2014 GLOF. Therefore, this study could be
useful not only in planning disaster-resilient infrastructure around proglacial lake environments in the cold-arid
Ladakh but also in framing mitigation plans to reduce risk for vulnerable downstream communities,

© 2020 Elsevier B.V. All rights reserved.
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Abstract: This study reports the changes in glacier extent and streamflow similar to many Himalayan
studies, but takes the unusual step of also linking these to downstream land use changes in Kashmir
Valley. This study assessed changes in the area, snout, and equilibrium line altitude (ELA) of four
parts of the Kolahoi Glacier using earth observation data from 1962 to 2018. Changes in the discharge
of the two streams flowing out from Kolahoi Glacier into the Jhelum basin were also assessed between
1972 and 2018. Additionally, satellite data was used to track the downstream land system changes
concerning agriculture, orchards, and built-up areas between 1980 and 2018. This analysis suggested a
cumulative deglaciation of 23.6% at a rate of 0.42% per year from 1962 to 2018. The snout of two larger
glaciers, G1 and G2, retreated at a rate of 18.3 m a~! and 16.4 m a™!, respectively, from 1962 to 2018,
although the rate of recession accelerated after 2000. Our analysis also suggested the upward shift of
ELA by =120 m. The streamflows measured at five sites showed statistically significant depleting
trends that have been a factor in forcing extensive land system changes downstream. Although
the area under agriculture in Lidder watershed shrunk by 39%, there was a massive expansion of
176% and 476% in orchards and built-up areas, respectively, from 1980 to 2018. The conversion of
irrigation-intensive agriculture lands (rice paddy) to less water-intensive orchards is attributed to
economic considerations and depleting streamflow.

Keywords: remote sensing; glacier dynamics; land system changes; streamflows; Kashmir Himalaya

1. Introduction

Himalayan glaciers are in a continuous state of retreat since the 19th century in response to
climatic change and anthropogenic activities [1-3] except in the Karakoram region where glaciers have
been reported to be in a stable phase [4-6]. The ever increasing temperatures have resulted in the
faster melting of cryosphere reserves in the region [7,8]. Although most of the studies consider climate
to be the main controlling factor in glacier recession [9-11], many studies identify the influence of
topography [12-14] and debris cover on glacier retreat [15,16]. The warming trends over the region
have not only accelerated the glacier melt [17-19] but have also changed the form of precipitation [20,21]
that has resulted in persistently negative glacier mass balances in the region [22,23].

The glacier recession in the Himalayan arc has not only impacted the streamflows but also resulted
in the formation of proglacial lakes [24,25], which could be potential sites for occurrence of glacial lake
outburst floods. Compared to other regions of high-mountain Asia, the glaciers in the Kashmir region
are retreating at an accelerated pace [26]. The shrinking of the Himalayan cryosphere has been linked

Water 2020, 12, 1168; doi:10,3390/w12041168 www.mdpi.com/fjournal/water
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Abstract: Kashmir Valley has been witnessing erratic snowfall events in recent autumns which severely
impacted apple orchards and harvests. Here, we combine remotely sensed data and field observations
to map snowfall distribution and snow depths during the recent snowfall events in November 2018 and
November 2019. Besides, we used ERA-5 reanalysis climate datasets to investigate the causes of these
erratic snowfall events, pointing to an early arrival of Western Disturbances (WD) to the area. Analysis
of these untimely snowfall episodes indicates that snow depths varied from 5-122 cm and 31-152 cm
during the 2018 and 2019 snowfall events, respectively. In turn, satellite data analysis reveals that the
apple orchards cover roughly 9.8% (1329 km?) of the entire surface of Kashmir Valley, out of which
32.6% were mildly to severely damaged by snow. The areas in South Kashmir suffered the most
from the untimely snowfall with an area affected estimated to ~264 km?, followed by North Kashmir
(~151 km?) and Central Kashmir (18 km?). The snowfall caused substantial harvest losses in orchards
ranging from 4-50% with an average of ~35%. The geopotential analysis from the ERA-5 dataset
provides insights into the synoptic weather patterns leading to the snowfall events and point to a
trough in the high-troposphere (200 mb), along with a col at lower levels (850 mb) over the Kashmir
Valley from November 2-5, 2018. The lower levels (850 mb) experienced intense cyclonic circulation
which favored advection of moisture from the Arabian Sea during the November 6-7, 2019, snowfall
event. The large economic losses related to early arrival of WD led to a virtual grounding of the
horticultural sector in 2018 and 2019. Therefore, more baseline research is critically needed along
with a comprehensive evaluation of the suitability of horticulture as an economically viable sector
that is being promoted over the Kashmir region, also under climate change.

Keywords: snowfall variability; western disturbances; erratic snow precipitation; Kashmir Himalaya;
horticulture

1. Introduction

The Himalayan region constitutes one of the most vulnerable areas as it suffers from extreme
weather events under present climate conditions and also in light of climate projections [1]. Over the

Sustainability 2020, 12, 9206; doi:10.3390/su12219206 www.mdpi.com/fjournal/sustainability
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A massive rock and ice avalanche caused the 2021 disaster
at Chamoli, Indian Himalaya
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On 7 Feb 2021, a catastrophic mass flow descended the Ronti Gad, Rishiganga, and Dhauliganga valleys in
Chamoli, Uttarakhand, India, causing widespread devastation and severely damaging two hydropower
projects. Over 200 people were killed or are missing. Our analysis of satellite imagery, seismic records,
numerical model results, and eyewitness videos reveals that ~27x10° m® of rock and glacier ice collapsed
from the steep north face of Ronti Peak. The rock and ice avalanche rapidly transformed into an
extraordinarily large and mobile debris flow that transported boulders >20 m in diameter, and scoured the
valley walls up to 220 m above the valley floor. The intersection of the hazard cascade with downvalley
infrastructure resulted in a disaster, which highlights key questions about adequate monitoring and
sustainable development in the Himalaya as well as other remote, high-mountain environments.

Steep slopes, high topographic relief, and seismic activity permafrost to climate changes is exacerbating these hazards
make mountain regions prone to extremely destructive mass  [for example, (2-7)]. Hazard cascades, where an initial event
movements [for example, (1)]. The sensitivity of glaciers and causes a downstream chain reaction [for example, (8)1, can
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Abstract The research is a maiden study aimed to
assess the radioactivity in groundwater of Srinagar
City using uranium and radon as proxies. In this study,
60 water samples were collected from various water
sources that include bore wells, hand pumps and lakes
of Srinagar City. Among them, 45 samples were taken
from groundwater with depths ranging from 6 to
— 126 m and the rest of the 15 samples were collected
from surface sources like lakes, rivers and tap water. A
gamma radiation survey of the area was carried out
prior to collection of water samples, using a gamma
radiation detector. A scintillation-based detector was
utilized to measure radon, while as LED fluorimetry
was employed to assess uranium in water samples. The
average uranium concentration was found to be
2.63 pg L™" with a maximum value of 15.28 pg L™
which is less than the globally accepted permissible
level of 30 pg L~". *Radon concentration varied
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from 0.2 to 38.5 Bq L' with an average value of
8.9 Bq L™'. The radon concentration in 19 ground-
water samples (32% of total sites) exceeded the
permissible limits of 11 Bq L™" set by USEPA. This
information could be of vital importance to health
professionals in Kashmir who are researching on the
incidence of lung cancers in the region given the fact
that radon is the second leading cause of lung cancers
after smoking worldwide.

Keywords Groundwater quality - Srinagar City -
*22Rn detection - Uranium activity

Introduction

Among the natural contaminants to drinking water,
there are some radioactive elements such as uranium
and radon, the activity concentrations of which depend
upon the geological, physical and chemical nature of
the aquifer (Jobbagy et al. 2010; Porcelli 2003).
Uranium is a naturally occurring radioactive element,
which decays to radon through the radioactive decay
of radium. Uranium can be found in different types of
rocks such as granites, dark shales, sandstones apart
from other sedimentary rocks that contain phosphate,
and metamorphic rocks derived from these rocks
(Bottrell 1993; Carvalho et al. 2007; Gundersen et al.
2016; Lawrence et al. 1991; Tayyeb et al. 1998).
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Abstract

Radiation exposure. an inescapable share of our everyday life, primarily arises from terrestrial or cosmic sources. A small
fragment of the total dose is also contributed by our own bodies. Humans receive an average radiation of 2.4 mSv y~' as
natural background radiation. In the present study, an attempt to quantify groundwater radon-222 and indoor radon, thoron
and their progeny was made using both active as well as passive techniques. Solid state nuclear track detectors (LR-115
type-I1 films) were employed for long-term passive measurements while as scintillation based radon monitor was used for
active short-term measurements.

e
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Introduction

Inhalation dose due to radon (**?Rn), thoron and their decay
products is the major contributor (~50%) to the total back-
ground radiation dose to the populace. Itis considered as the
second most leading cause of lung cancer next to smoking
[1, 2]. Radon (***Rn) and thoron (**°Rn) are naturally occur-
ring radioactive gases which are continuously produced in
rocks and soil grains due to the radioactive decay of ***Ra
and Ra, respectively. These gases migrate from rocks and
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soil grains to environment by two fundamental processes.
The first being the emanation and the second is exhalation
from the matrix through different transport processes [3, 4].
In emanation. the radon atoms escape from the solid mineral
grains to the air-filled pores while as in exhalation, the radon
gas is transported from air-filled pores to the atmosphere.
Radon transport in soil pores is mainly governed by two pro-
cesses-diffusion (brought out by concentration gradient) and
advection (brought out by pressure driven flow of radon gas
from the soil) [4, 3]. Depending upon the geological forma-
tion of the rock and its radioactivity content, the exhalation
rate of radon from ground may vary from place to place [6].
Radon tends to accumulate in closed domains like indoor
areas of dwellings, office buildings and caves. This accumu-
lation is attributed to poor ventilation indoors in comparison
to outdoors |7]. Since radon, thoron and their decay prod-
ucts in residential buildings contribute significantly to the
total dose to populace. epidemiological investigation and
monitoring of radon related lung cancer in residential build-
ings have received significant attention among researchers
globally [8—14]. The reliability of epidemiological inves-
tigation is largely dependent upon the accuracy of inhala-
tion dose data in studied dwellings, for which the method
of measurement and dose estimation procedure should be
extremely unwavering. Radon (**?Rn/**’Rn) being a gas,
is easily removed from the respiratory tract during exhala-
tion while as the decay products, being solid particles, are
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1 | INTRODUCTION

Abstract

A better understanding of the organic matter (OM) dynamics is a key to successful
wetland management. We established the radiocarbon chronology (*4C) and vertical
distribution of nitrogen (N), phosphorus (P), OM, and carbon to nitrogen ratio (C/N)
in the sediment core retrieved from the Anchar Wetland, Kashmir Himalaya. The
accelerator mass spectrometer (AMS) assisted *%C dating of the sediment core
showed *C age reversals related to occasional disturbances. The vertical distribution
of various fractions revealed increased concentrations of organic carbon (OC), OM,
and nutrients (N and P) in the upper part of the sediment core, largely related to
increased anthropogenic inputs from the catchment areas during recent decades.
Further, the low to high C/N ratio (1.3-36.4) suggests a combination of bath the
autochthonous and allochthonous inputs as the major contributors of OM to the
wetland ecosystem. The linear regression model showed significant (p < 0.05) posi-
tive and negative relationships among various analyzed parameters. Principal compo-
nent analysis (PCA) resulted in three principal components (PCs) accounting for a
cumnulative variance of 83.6%. The PCA suggests that the primary production, human
activities such as extraction of Lotus stems (Nadru) and fishing, and terrestrial inputs
(sewage disposal and fertilizer runoff) are the major factors controlling the distribu-
tion of organic fractions and nutrients. This study provides important insights into
the sources and distribution of sedimentary OM and nutrients crucial for assessing
the risks of pollution and for adopting the socially, politically, and scientifically robust
strategies for the management of wetlands.

KEYWORDS
%€ dating, Anchar Wetland, C/N ratio, organic matter, wetlands

are a natural medium that support the growth of aquatic plants,
enhance biological productivity, and help in the cycling of nutrients

Sediments in wetlands act as an important archive of past environ-
mental conditions (Hensel et al., 2021). Wetland sediments can offer a
comprehensive picture of change to a large extent over a long period.
Sediments are accumulated as autochthonous and allochthonous
materials comprising soil particles, minerals, OM, air, water, and living
biota (Adesuyi et al., 2016; Semeniuk & Semeniuk, 2004). Sediments

(Cardoso et al., 2019; Kiani et al., 2021). Due to their dynamic nature
and characteristics, sediments are essential components of wetland
biogeochemistry, resulting in various biogeochemical transformations
and reactions (de Vicente, 2021). Wetland sediments play a vital role
by acting as natural buffers and reservair pools by cycling and seques-

tering large amounts of atmospheric carbon dioxide (Avelar
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Environmental context.

aerosol variability and deposition in the glaciated environments in the western Himalayas is still lacking. We analysed the aerosol
variability, modelled the potential aerosol sources and assessed physicochemical characteristics of glacier ice in the region. This
information could be foundational for initiating studies on aerosol impacts on the glacier melt besides climate change.

While it is known that aerosol deposition causes exacerbated melt of the glaciers, information about
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ABSTRACT

Rationale. There is increasing scientific evidence of aerosol deposition triggering glacier melting
but very little understanding about the spatiotemporal variability of aerosols over the Indian
Himalayas. The current study is a maiden effort to ascertain the aerosol variability in glacial
environments of the Indian Himalayas. Aeroscl sources were modelled and physicochemical
characteristics of glacial ice were evaluated to draw firsthand insights into the light-absorbing
impurities over three glaciers. Methodology. Aerosol variability over four decades was analysed
using MERRA-2 data (Modern-Era Retrospective analysis for Research and Applications) over five
different topographically distinct mountain ranges of the western Himalayas. Information about
nine physicochemical variables was analysed over the ablation zone of glaciers in the region.
HYSPLIT model was used to track the air mass sources at a weekly time-step from December
2020 to November 2021 over the selected glaciers. Results and discussion. MERRA-2 data
analyses indicate increasing trends in surface dust, columnar dust and black carbon. The highest
columnar dust concentration was found in Pir Panjal Mountain Range (PP: 125 648 g m ™) followed
by the Greater Himalayan Mountain Range of Kashmir (GH: 64 384 ygm™2), Karakoram (KA:
47 574 pgm™2), Ladakh (LA: 45 861 pgm™2) and Zanskar (ZA: 38 416 pgm ™), however, the black
carbon indicated a PP > GH > LA > KA > ZA trend. HYSPLIT trajectories indicate that the contri-
bution of global sources is highest (65%) followed by local (21%) and regional (14%) sources. Ice
chemistry analysis revealed a higher concentration of rotal solid particles (830 mg L") and sulfates
(1433 mgL™") indicative of the contribution from anthropogenic footprint and lithology.
Conclusion. The research underpins the need for establishing long-term aerosol observatories
and a detailed hydrochemical assessment for precisely ascertaining the black carbon and allied
constituents to unravel their contribution to glacier melt in the north-western Himalayas.

Keywords: aerosol deposition, black carbon, dust. glacier melt. HYSPLIT model,

physicochemical characterisation, reanalysis data, western Himalayas.

Introduction

Solid particles and liquid droplets suspended in the air, collectively known as aerosols, can
impact our environment significantly in many ways (Mhawish et al 2018) that include
climate (Koch et al. 2009; Mahowald er al. 2011), radiation budget (Haywood and Shine
1995; Lauer et al. 2007), snow and glaciers (Ramanathan et al. 2001; Xu et al. 2009; Kang
et al. 2020; Sarangi et al. 2020) and human health (Landrigan 2017; Kinney 2018;
Balakrishnan et al. 2019). Aerosols in the armosphere originate from natural sources as
well as anthropogenic activities (Seinfeld et al. 1998). The natural sources include wind-
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This study aims to demonstrate the capability of a low-cost echosounder for measuring the depths of
high-altitude glacial lakes. A pilot survey was conducted in a shallow glacial lake associated with the Drang
Drung glacier located in the Zanskar region of Ladakh, India. A bathymetric survey was carried out using
Airmar P66 echosounder mounted on the inflatable Sea Eagle 380x Explorer kayak. From over 5000 data
points, the maximum depth of glacial lake comes out to be 3.85 m with a mean depth of around 1.91 m. Depth
estimates from the low-cost echosounder were in close agreement with manual measurements carried out at
selected locations. The individual data points recorded by the echosounder were used to ereate 2D and 3D maps
resulting in an estimation of the volume of water present in the glacial lake. Based on the collected points, the
total vohume of water present in the glacial lake comes ont to be 01.18x 10° m?, To ensure the correctness and to
check the consistency in the performance of low-cast echosounder in different environments, bathymetric
surveys were conducted at three different water bodies. The depth estimates at all three different test sites
obtained from the instrument showed accurate results. The obtamed results signify that a low-cost and simple
hydrographic surveying system such as the one adopted in this study provides reliable bathymetric mea-
surements and is suitable for water volumne estimation in logistically demanding highly altitude glacial lakes.

Keywords. Bathymetry survey; glacial lakes; low-cost echosounder; fishfinder; Drang Drung glacier.

1. Introduction important morphological changes in rivers or lakes

(Arseni et al. 2019). The bathymetric light detection
Bathymetric measurement of water bodies provides  and ranging (LIDAR) scanning technology is the
important information about the erosion rate, sedi-  most preferred method for data collection of depth
mentation rate, deposition of pollutants, and measurements but does not provide accurate results

Supplementary material pertaining to this article is available on the Journal of Farth System Science website (http://www ias.

ac.in/Journals /Journal_of_Earth_System_Science).
Published online: 09 January 2023
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Abstract Protected arcas are the cornerstone of biodi-
versity and serve as a haven for biodiversity conserva-
tion. However, due to immense anthropic pressures and
ongoing changes in climate, the protected reserves are
under immense threat. Human interference through land
system changes is a major precusor of fragmentation of
landscapes resulting in the decline of Himalayan biodi-
versity. In this context, this research assessed land use
land cover changes (LULCCs) and fragmentation within
and outside the Dachigam National Park (DNP) using
remote sensing data, GIS-based models and ground truth

Highlights

o LULCCs over six decades linked with fragmentation in
the western Himalaya.

o Aquatic vegetation, built-up, forest and shrubland are
projected to decrease in the vicinity of conservation
reserve.

e Alpine pasture and exposed rock are projected to
decrease within the conservation reserve.

* Fragmentation has implications on biodiversity richness,
human-wildlife conflicts and earth surface processes.

e This baseline knowledge is useful for habitat modelling,
human-wildlife relationships and climate impact studies.
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over the past 55 years (1965-2020). Landscape Frag-
mentation Tool (LFT) helped to compute edge effect,
patchiness, perforation and core areas. The Land Change
Modeller (LCM) of IDRISI TerrSet was used for simu-
lating the future LULC for the years 2030, 2050, 2700
and 2100. The analysis of LULCCs showed that built-
up and aquatic vegetation expanded by 326% and 174%,
respectively in the vicinity of the DNP. The area under
agriculture, scrub and pasture decreased primarily due to
intensified land use activities. Within the DNP, the area
under forest cover declined by 7%. A substantial decrease
was observed in the core zone both within (39%) and
outside (30%) the DNP indicative of fragmentation of
natural habitats. LCM analysis projected 10% increase in
the built-up extents besides forests, shrublands and pas-
tures. This knowledge generated in this study shall form
an important baseline for understanding and characteris-
ing the human-wildlife relationship, initiating long-term
ecological research (LTER) on naturally vegetated and
aquatic ecosystems (primarily Dal Lake) of the region.

Keywords Remote sensing - LULCC - Landscape
fragmentation - LULC projections - Himalaya
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Abstract Tiny cryoconite holes are commonly found on glacier surfaces. Despite a long history of research
on them, their influence on glacier-scale mass balance and runofT are not well understood. We model the
absorption of solar radiation at the bottom of cylindrical eryoconite holes, incorporating the three-dimensional
geometry, The simulated holes achieve a limiting steady-state depth, where the daily melt rate at the bottom

of the holes matches that at the glacier surface. This implies a feedback loop restricting the excess ice melt

due to the presence of dark supraglacial impurities. The modeled steady-state depth scales approximately
linearly with the radius, consistent with in situ observations at several glaciers across the world. Given the areal
coverage and radins distribution of eryoconite holes on a glacier, this scaling yields first-order estimates of their
melt contribution.

Plain Language Summary Dark particles deposited on glacier surfaces absorb more solar radiation
than the surrounding ice, and melt into the surface o create approximately cylindrical holes with a layer of
dark “cryoconite™ substance at their bottom. Such cryoconite holes are commonly seen on glacier surfaces all
over the world. These holes continue to deepen, reducing the exposure of the dark cryoconite to solar radiation,
and eventually leading to a steady-state depth. We combine modeling and in situ observations to show that the
steady depth is approximately proportional to the radius of the hole. This simple geometric property proves
useful in estimating the net contribution of all the cryoconite holes present on a glacier to its mass balance

and runoff. Our estimates suggest that these holes efficiently negate the melt-enhancing effects of the dark
impurities on glacier surface.

1. Introduction

Cryoconite holes are ubiquitous on glacier surfaces across the globe (Cook, Edwards, et al., 2016; MacDonell &
Fitzsimons, 2008). These approximately cylindrical melt holes form due to a higher absorption of incident solar
radiation by the dark “cryoconite” substance trapped at their bottom. These holes are typically a few centimeters
to a few tens of centimeters in radius, but larger holes are also observed (Fountain et al., 2004). It was argued
that collectively cryoconite holes may contribute significantly to the glacier energy and mass balance, and to
glacier runoff (Cook, Edwards, et al., 2016). These holes harbor cold-resistant microscopic lifeforms, and may be
important for the carbon budger of glaciers (e.g., Chandler et al., 2015). However, a quantitative understanding
of the glacier-scale collective effects of the tiny eryoconite holes, which are not resolved by coarse-scale glacier
models (Cook, Edwards, et al., 2016), remains an open problem. This scale gap continues to obscure glacier-scale
effects of eryoconite holes, despite a more than 150 years long history of research (Cook, Edwards, et al., 2016).

Theoretical consideration indicates that under stable, sunny weather conditions cryoconite holes deepen up to a
steady-state depth (Fountain et al., 2004). This deepening due to a higher absorption of solar radiation at the dark
(low-albedo) cryoconite disk, buries the cryoconite deeper into ice and away from the surface, causing a decline in the
solar energy absorbed. This negative feedback ultimately stabilizes a steady-state hole geometry (Wharton et al., 1985),
where the brighter ice surface and the darker bottom of the cryoconite hole both melt at the same rate. There are
field observations that support this idea (Fountain et al., 2008). In contrast, higher turbulent heat fluxes on cloudy
days may cavse relatively higher melt at the surface, reducing the hole depth. This can cause the hole to collapse,
spreading the eryoconite material on surrounding ice and enhancing melt (e.g., Takeuchi et al., 2018). Several addi-
tional factors complicate the evolution of cryoconite holes, for example, the cross-sectional geometry and its evolution,
the presence of meltwater in them (Fountain et al., 2008; Podgorny & Grenfell, 1996), meltwater advecting heat in
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Abstract

A number of recent flash floods and debris flows, which were triggered by glacier ava-
lanches from relatively small but steep hanging glaciers have exposed the vulnerability of
infrastructures and livelihoods in the high Himalaya. As of now, there are no methods to
identify potentially dangerous hanging glaciers in a catchment, and to assess the associ-
ated risk to any infrastructure. In this study, we propose a simple physics-based, proba-
bilistic method to provide a first-order solution to this problem. It is based on consider-
ing a large number of hypothetical glacier avalanches and associated flood events within a
numerically-efficient Monte-Carlo framework. We assign probability weights to the chain
of events involved in any flood reaching a given dam location. To assess the relative risk,
we test the method in three Himalayan catchments, including two where glacier avalanche
events have been reported in the recent past. The proposed method is based on a series of
simplifying assumptions regarding the initiation and propagation of the events, necessitated
by the complexity of the processes involved and a lack of data in these remote environ-
ments. Our method performs reasonably well in two of the studied Himalayan catchments,
while limitations in the performance of the method are apparent in one of the studied
catchments. A better understanding of the underlying processes may help with more accu-
rate parameterisations of the weights assigned to the chain of events. The presented method
may be considered a starting point to quantify the risk posed by increasingly unstable ice
on high and steep slopes to hydropower infrastructures in the Himalayan catchments.

Keywords Hanging glaciers - Glacier avalanche - Risk assessment - Himalaya

1 Introduction

Gravity-driven catastrophic mass flows involving rock-debris, snow, ice, and/or water are
common in high-relief, steep, glacierised mountains (Evans and Delaney 2021) like the
Himalaya. While phenomena like landslides (Vaidya et al. 2019), glacial lake outburst
floods (Nie et al. 2021; Zheng et al. 2021), and snow/ice avalanches (Mehta et al. 2011;
McClung 2016; Acharya et al. 2023) have received significant scientific attention in recent
years, only a few studies have looked into glacier avalanches and associated mechanisms

Extended author information available on the last page of the article
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Abstract

Cryosphere all over the globe is thawing, be it the Arctic, Antarctic, Greenland or Himalaya. Studies have predicted that
loss in the glacier mass over the Upper Indus Basin in Kashmir Himalaya would amount to 47 to 67% (Romshoo in 7th
conference of Science and Geopolitics of Arctic and Antarctic, 2023). A similar trend prevails in the Bhaga basin of the
Upper Chenab, where glaciers in size classes <0.5 km?* and 0.57 km? show a higher relative loss of 25% (0.5% year™') and
13% (0.3% year™") respectively (Das et al. in Quat Sci Rev 316:108258; J Mt Sci 20:299-324, 2023). The loss in Eastern
Himalaya (Sikkim) has been reported to range from 20 to 30% (Debnath in 7th conference of Science and Geopolitics of
Arctic and Antarctic, 2023). On the basis of the compiled records of snout fluctuations of 285 glaciers and two regional
means spanning 17 decades from the 1850s, it has been deduced that most of the Himalayan glaciers are retreating, and
the retreat rates have accelerated in the past few decades, but the observed tendencies are not regionally uniform (Kulkarni
et al. in Water Security 14(6557):100101; J Indian Soc Remote Sensing 49(8):1951-1963, 2021). The excessive ice mass
loss has resulted in the formation and/or expansion of glacial melt water lakes posing a threat of Glacial Lake Outburst Flow
(GLOF). The results of the studies on the response of climatic variability over the state of cryosphere, the role of debris on
the melting of glaciers, changes in the winter precipitation pattern and consequent impact on the hydrological cycle, water
availability and state of permafrost over Himalaya have also been a focus of studies, including developing models (Banerjee
et al. in Geophys Res Lett 49:096989, 2020), in contemporary publications, enriching the data on the fundamental aspects
of glacial processes that are of great societal relevance.

Keywords Retreating glaciers - Glacial late outburst flow - Debris control - Mitigation measures

Introduction

The Himalayan range, which extends over ~2400 km, consti-
tutes the largest concentration of snow and ice after the two
Polar Regions and is highly sensitive to the ongoing climate
changes. The region feeds three major river basins namely:
the Indus, the Ganga and the Brahmaputra Basins (Fig. 1)
which in turn support a population of more than a billion
people. Though there has been a large interest in studying
the climatic variability over different parts of the cryospheric
domain of the Himalaya, there still exists a wide gap in
ground-based data as also the uncertainty in data on most
aspects (Azam et al. 2021) such as the highly heterogeneous
behaviour of glacial melting (Hugonnet et al. 2021). There is
anegative balance in the eastern Himalaya, a relatively less
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negative mass balance in the western Himalaya and a in the
Karakoram these are in balasnce. (Amir et al. 2018). Simi-
larly, the estimates of snow cover and rainfall are also highly
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The Indus River Basin covers an area of around 1 million square kilometers and connects four countries:
Afghanistan, China, India, and Pakistan. More than 300 million people depend to some extent on the basin’s
water, yet a growing population, increasing food and energy demands, climate change, and shifting monsoon
patterns are exerting increasing pressure. Under these pressures, a “business as usual™ (BAU) approach is
no longer sustainable, and decision makers and wider stakeholders are calling for more integrated and inclu-
sive development pathways that are in line with achieving the UN Sustainable Development Goals. Here, we
propose an integrated nexus modeling framework co-designed with regional stakeholders from the four
riparian countries of the Indus River Basin and discuss challenges and opportunities for developing transfor-

mation pathways for the basin’s future,

Introduction
The mid-21* century will see the global population increase from
7.7 bilion in 2019 1o 8.5-10 billion in 2050." Scientific evidence
increasingly indicales that humanity has already reached or even
exceaded the camying capacity of several of the Earth's ecosys-
temns” and that future populations will face a range of clmatic haz-
ards, including notable global “hotspols™ exposed 1o varying
tevels of risks. " The magnitudes of such risks are critically depen-
dent on regional adaptive capacity to prepare for and manage
changing risks.” Growing needs for food, energy, and water will
only exacerbate existing socio-econonsc chalienges.” ™ The
worid's poorest and most vulnerable are disproportionately
exposed (o chmate change’ ' and hydro-clmatic variability. ™
Improving and suslaining human wellare & nol an easy lask,
particularly in regions expected to see continued population
and economic growth in the fulure, Looking ahead to 2050,
50% more food production will be required globally (a targer in-
crease is expected in developing countries”®?), and electricity
generation is expected to double as we achieve universal access

®
=

10 energy.” With increasing energy and lood demands o top of
popdanmqommdsmmdswialsonsebynmm
50%, particularly in o 5 dries.” 7" Greater kxd, en-
mwmmmmmmm
that such resource pressures have histoncally acted as conflict
multipliers and have occasionally lead to social unrest. Trans-
boundary river basins have often been at the center of such con-
ficts.™ Given these alamning projections, a “business as usual”
(BAL) development pathway s no longer seen as acceptabile,
Decision makers and wider stakeholders are i ngly calling
for new, more integrated, and inclusive development pathways
and global planetary boundaries, These wgent calls are also
embadied in giobal policy rameworks such as the United Na-
tions' 17 Sustainable Development Goals {SDGs).

The Indiss River Basin hereafler referred to as the Indus)
covers an area of around 1 million square kilometers and con-
nects four countries: Afghanéstan, China, India, and Pakistan. it
is home to more than 300 miion people, who depend upon

One Earth 1, October 25, 201902019 The Authors. Published by Elsevier
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Abstract

In earlier published studies it was shown that an anomalous degree of human
physiological ailments and a psychology of sustained anger and violence exist
in highly populated countries located on boundaries of colliding Tectonic
Plates in three continents at Latitude 34° north. The Valley of Kashmir in
Northern India is also located exactly on this latitude, hence chosen for de-
tailed experimental verification of this phenomenon. This region also suffers
from chronic public health hazards. Infrasound is very low frequency acoustic
wave with frequencies ranging from 0.01 Hz to 20 Hz It emanates from
earthquakes, geological Faults, colliding tectonic plates and atmospheric wind
turbulence. Hearing protections like ear muffs and ear plugs offer little pro-
tection. One single carthquake can cause multiple infrasound sources in a re-
gion. 1t is shown how regional geomorphology in the Kashmir Valley en-
hances and sustains this phenomenon. Both the pereentage of population
with hearing disabilitics; and casualtics due to social violence increase or de-
crease in proportion o fregquency of carthquakes. Infrasound is shown Lo be
the causal linkage. Public health hazards due (o environmental infrasound
closely resemble public health hazards actually being suffered by the popula-
tion in Kashmir as established by formal and extensive medical investigations.
Hence a Field Study was carried out Lo locate and record infrasound emis-
sions in ten locations near 34°N latitude in Kashmir Valley. An analytical
technique was developed to integrate infrasound spectrum in specific loca-
tions with public health hazards. It was discovered that infrasound recorded
in South Kashmir around 34°N latitude at the locations of highest amplitude
lics in proximity of Active Faulls from carthquake ruptures; and in proximity
to a large ficld of past carthquakes that took place in 2006-2012. A compre-
hensive public health security system needs to be set up very urgently. Tech
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Abstract. The local weather and chimate of the Himalayas
are sensitive and interdinked with global-scale changes in ¢li-
matc, as the hydrology of this region is mainly governcd
by snow and glaciers. There arc clear and strong indica-
tors of climate change reported for the Himalayas, particu-
larly the Jammu and Kashmir region sitvated in the west-
crm Himalayas, In this study, using obscrvational data, de-
tailed churacteristics of long- and short-term as well as lo-
calized variations in temperature and precipitation are an-
alyzed for these six meteorological stations, namely, Gul-
marg. Pahalgam. Kokamag, Qazigund, Kupwara and Srina-
gar during 1980-2016. All of these stations arc located in
Jammu and Kashmir, India. In addition to analysis of sta-
tions observations, we also ulilized the dynamical down-
scaled simulations of WRF model and ERA-Interim (ERA-T)
data for the study period. The annual and scasonal tempera-
ture and precipitation changes were analyzed by carrying out
Mann-Kendall, lincar regression, cumulative deviation and
Student’s £ statistical tests. The results show an increase of
0.8°C in average annual temperature over 37 years (from
1980 to 2016) with higher increasc in maximum tempera-
wre (0.97 °C) compared to minimum emperature (0.76 °C).
Analyscs of annual mean temperature at all the stations re-
veal that the high-altitude stations of Pahalgam (1.13°C)
and Gulmarg (1.04 °C) cxhibit a stecp increase and statis-
ticully significant trends. The overall precipitation and tem-
perature pattcens in the valley show significant decreases and
increases in the annual rainfall and temperature respectively.
Scasonal analyses show significant increasing trends in the
winter and spnng temperatures al all stations, with promineat

decreases 1n spring precipitation. [n the present study, the ob-
served long-term trends in temperature (°C year™) and pre-
cipitation (mm year~") along with their respective standard
errors during 1980-2016 arc as follows: (i) 0.05 (0.01) and
—16.7 {6.3) for Gulmarg, (i) 0.04 (0.01) and —6.6 {2.9) for
Srinagar, (iii) 0.04 (0.01) and —0.69 (4.79) for Kokarnag,
(iv) 0.04 (0.01) and —0.13 (3.95) for Pahalgam, (v) 0.034
(0.01) and —5.5 (3.6) for Kupwara, and (vi) 0.01 (0.01)
and —7.96 (4.5) for Qazigund. The present study also re-
veals that vanation in temperature and precipitation duning
winter (December-March) has a close association with the
North Atantic Oscillation (NAQ). Further, the obscrved tem-
perature data (monthly averaged data for 1980-2016) at all
the stativns show a good correlation of 0.86 with the re-
sults of WRF and thercfore the model downscaled simula-
tions arc considered a valid scientific tool for the studies
of climate change in this region. Though the correlation be-
tween WRE model and observed precipitation is significantly
strong, the WRF model significantly underestimates the rain-
fall amount, which nceessitates the need for the sensitivity
study of the model using the vanious microphysical puram-
clerization schemes, The potential vorticities in the upper
troposphere are obtained from ERA-1 over the Jammu and
Kashmir region and indicate that the extreme weather cvent
of September 2014 occurred due to breaking of intense at-
mosphenic Rossby wave activity over Kashmirn As the wave
could transport a large amount of water vapor from both the
Bay of Bengal and Arabian Sca and dump them over the
Kashmir region through wave breaking, it probably resulted
mn the historical devastating flooding of the whole Kashmir
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Abstract: In the present study, using static land system parameters, such as geomorphology, land
cover, and relief, we calculated the water yield potential (RP) of all the watersheds of the Jhelum
basin {Kashmir Valley) using the analytical hierarchy process (AHP) based watershed evaluation
model (AHP-WEM). The results revealed that among the 24 watersheds of the Jhelum basin, the
Vishav watershed, with the highest RP, is the fastest water vielding catchment of the Jhelum basin
followed by Bringi, Lidder, Kuthar, Sind, Madhumati, Rembiara, Sukhnag, Dal, Wular-1I, Romshi,
Sandran, Ferozpur, Viji-Dhakil, Ningal, Lower Jhelum, Pohru, Arin, Doodganga, Arapal, Anchar,
Wular-I, Gundar, and Garzan in the case of a same intensity storm event. The results were validated
with the mean annual peak discharge values of the watersheds and a strong positive correlation of
0.71 was found. Further, for the forecasting of the floods in the watersheds that had a small lag time,
such as in the case of Vishaw, Bringi, and Lidder, we evaluated the performance of the HEC-
GeoHMS hydrological model to simulate stream discharge during storm events. [t was observed
that the model performs well for August-September period with a strong positive correlation (0.94)
between the observed and simulated discharge and hence could be used as a flood forecasting
maodel for this period in the region.

Keywords: HEC-GeoHMS; AHP-WEM model; water vield potential; water yield; basin lag time; GIS
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Abstract

In this study, the Glacier Lake Outburst Flood {(GLOF) that occurred over
Kedarnath in June 2013 was modeled using integrated observations from the
field and Remote Sensing (RS). The lake breach parameters such as area, depth,
breach, and height have been estimated from the field observations and Remote
Sensing (RS) data. A number of modelling approaches, including Snow Melt
Runoff Model (SRM), Modified Single Flow model (MSF), Watershed Management
System (WMS), Simplified Dam Breach Model (SMPDBK) and BREACH were used
to model the GLOF. Estimations from SRM produced a runoff of about 22.7 m 3|
during 16-17, June 2013 over Chorabari Lake. Bathymetry data reported that the
lake got filled to its maximum capacity (3822.7 m 3) due to excess discharge.
Hydrograph obtained from the BREACH model revealed a peak discharge of
about 1699 m 3/s during an intense water flow episode that lasted for 10-15
minutes on 17 th June 2013. Excess discharge from heavy rainfall and snowmelt
into the lake increased its hydrostatic pressure and the lake breached
cataclysmically.
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Abstract The study. first of its kind in the Kashmir
Valley, uses a time series of satellite data (1980-2018)
to determine the glacier health. which is critical for
sustaming the perenniality of the rivers originating from
the area. The role of topography. morphology and cli-
mate on the observed glacier recession was investigated.
In total. 147 glaciers were mapped from 1980 image: ~
726 of the glaciers have area < 3 kin® and a majority of
them (123) are having size < 1 km?. The glaciers have
reduced from 101.73 + 16.79 kim” in 198010 72.41 + 4.7
km® in 2018 showing a recession of 29.32 + 12.09 km®
during the period (28.82%). The observed glacier loss is
higher (0.77 < 0.31 km*a ) compared with the other
Himalayan regions. The results indicated that there is
strong influence of altitude. aspect. siope and climate on
glacier recession. The glaciers with area < 1 km’ have
receded significantly more (41.20 + 6.20%) than the
larger glaciers > 3 km? in area (15.97 + 5.13%). The
glaciers situated between 4200 and 4400 m altitudes
have receded more (~ 35 + 5.01%) than those situated
at altitudes > 4800 m (~ 19 = 6.9%). Furthermore, the
glaciers with steep slope (> 25) have wilnessed lower
recession (0.25 4 0.15 km™a ™'} compared 10 the glaciers
with gentle slope {0.51 + 0.22 km® a™"). The south-
facing glaciers showed higher recession (~ 38%) com-
pared with the north-facing glaciers (~ 27%). The

5. A. Romshoo (20) - M. Fayaz - G. Meraj
Geoinformatics Program. University of Kashimir, Svinagar, India
e-mail: shakilrom@ Kashminuniversity.ac.in

I. M. Bahuguna
Space Application Centre, ISRO. Ahmadabad. India

Nindings suggest that the increase in temperature and
decline in winter solid precipitation have resulted in
the glacier recession with the consequent depletion of
the streamflows. which, it continued in the future. would
adversely affect the economy in the region.

Keywords Glacier recession - Remaote sensing -
Topographic parameters - Western Himalaya

Introduction

Observed fluctuations of the mountain glaciers are
regarded as the most reliable indicator of climate
change (IPCC 2013), growing and wasting in re-
sponse to the observed changes in temperature and
precipitation {Oerlemans and Reichert 2000). Investi-
gating the glacier fluctuations can reveal several as-
pects of climate change particularly in the Himalayas
where there is a paucity of hydro-meteorological ob-
servatories (Mir et al. 2014: Karimi et al. 2014:
Murtaza and Romshoo 2017). Glaciers in the high
mountain Himalayas act as the natural reservoir of
waters for the downstream regions (Gardner et al.
2013) and have tremendous socioeconomic and sci-
entific importance (Romshoo 2012). The Kashmir
Himalayan glaciers are vital source to the headwaters
of the Indus basin and support irrigation. tourism,
hydropower generation and other domestic uses of
water (Dar et al. 2014; Muslim et al. 2015; Kaser
et al. 2010). It has been reported that there is a signif-
icant increase in the annual T, and 7y;, (Bhutiyani
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Abstract

Land degradation assessment is imperative for developing a mitigation plan to
minimize the adverse impacts associated with land degradation. The study
involves the integration of various social, economic and environmental indices for
identifying the land degradation vulnerable areas in the Pir Panjal Himalaya,
Kashmir, India. Analysis of the land use and land cover from the satellite data
revealed that ~47% of the area is devoid of any vegetal cover. Slope index
revealed that ~40% of the study area is precipitous with slope >30%. The Iandl
utilization index indicated that ~51% of the area is over-utilized. Integration of all
the environmental indices in GIS environment yielded the Natural Resource
Prioritization Index which revealed that ~41% of the area needs attention for land
degradation mitigation on top priority. Integration of all the socioeconomic
indices yielded the SccioEconomic Priority Zones which revealed that ~35% of
the area needs attention for the socioeconomic upliftment on priority for
combating the land degradation in the study area. Land Degradation Vulnerability
Index (LDVI) model was developed in GIS environment based on the unique
combination of various natural resource and socioeconomic priority zones using
the weighted index approach to assess the cumulative impact of social,
economic and environmental factors on land degradation. The model analyses
revealed that ~48% of the study area (~803 Km 2) shows high to very high LDVI
values alluding to its high vulnerability to different forms of land degradation. The
approach developed in this research for the integration of various ca... Read more
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Abstract

The novel coronavirus (COVID-19) has unleashed havoc across different countries and was
declared a pandemic by the World Health Organization. Since certain evidences indicate a
direct relationship of various viruses with the weather (temperature in particular), the same
is being speculated about COVID-19: however, it is still under investigation as the pan-
demic is advancing the world over. In this study. we tried to analyze the spread of COVID-
19 in the Indian subcontinent with respect to the local temperature regimes from March
9, 2020. to May 27, 2020. To establish the relation between COVID-19 and temperature
in India, three different ecogeographical regions having significant temperature differ-
ences were taken into consideration for the analysis. We observed that except Maharashtra,
Rajasthan and Kashmir showed a significantly positive correlation between the number of
COVID-19 cases and the temperature during the period of study. The evidences based on
the resulits presented in this research lead us to believe that the increasing temperature is
beneficial to the COVID-19 spread, and the cases are going to rise further with the increas-
ing temperature over India. We, therefore, conclude that the existing data, though limited,
suggest that the spread of COVID-19 in India is not explained by the vartation of tem-
perature alone and is most likely driven by a host of other factors related to epidemiol-
ogy, socioeconomics and other climatic factors. Based on the results, it is suggested that
temperature should not be considered as a yardstick for planning intervention strategies for
controlling the COVID-19 pandemic.

Keywords COVID-19 - Temperature - India - Kashmir - Remote sensing - SPSS-IBM -
Correlation

1 Introduction

World Health Organization (WHO), on March 11, 2020, declared COVID-19 as a pan-
demic (WHO 2020). The novel coronavirus (2019-nCoV) disease first appeared in Wuhan
city of China and laid down its global footprints since 2019 as a result of its highly

27 Shrut Kanga
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Abstract

Five-year (2013-2017) particulate matter (PM) data observed at an urban site,
Srinagar, Kashmir Himalaya, India was used to examine the temporal variability,
meteorological impacts and potential source regions of PM. The daily mean PM10
and PM2.5 concentration was 135 = 112 ug/m3 and 87 * 93 pug/ma3 respectively
with significant intra- and inter-daily variation. The annual PM10 and PM2.5
concentration was 2.0-3.2 and 1.7-2.8 times higher than the annual Indian
National Ambient Air Quality Standards (PM10 = 80 ug/m3 and PM2.5 = 40
pg/m3). PM concentration shows a bimodal diurnal pattern with morning and
evening peaks, which coincide with the increased anthropogenic activity and
shallow planetary boundary layer (PBL). The combined effect of the low
temperature, low wind speed, shallow and stable PBL and geomorphic setup of
Kashmir valley leads to the accumulation of particulate pollution during autumn
and winter and the converse meteorological conditions leads to dispersion,
dilution and deposition during spring and summer. High precipitation rate (>15
mm/day) removes the coarse particles (PM10) more efficiently than fine particles
(PM2.5), while as the moderate to high humid conditions (55-95%) leads to the
accumulation and growth of more PM. It was observed that ~80% of the air
masses arriving at the site during spring, autumn and winter are westerlies.
Source contribution analysis revealed that highly potential source regions of PM
at the site are neighboring Pakistan, Afghanistan, parts of Iran and Trans-
Gangetic Plains, which could contribute high concentration of the P ... Read more

e Collaborative paper of Prof. Shakil Ahmad Romshoo with Prof Gufran
Beig, Chair Professor @ NIAS (IISc) and Founder Project Director,
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Abstract Ground and satellite measurements of partic-
ulate pollution play an important role in determining the
particulate pollutant-Aerosol Optical Depth (AOD) re-
lationship. The daily observed PM,, and PM, 5 concen-
tration varied from 11-757 ugim® and 8-630 pg/m®
with the mean concenteations of 137 + 119 pg/m’ and
86 + 90 ug/m’, respectively. The long-term mean annu-
al PM,;p and PM, ¢ levels are several times higher than
the WHO permissible limits. The 1377 satellite-derived
AOD observations from the Moderate Resolution [m-
aging Spectrometer, ground-based particulate matter
{PM) and meteorological observations from 2013-
2017 were analysed to develop two-variate linear model
{TVM) (AOD versus PM,, or PM, <) and mult-variate
regression models (MVMs) (AOD + meteorological
parameters versus PMig or PMa <) for estimation of the
ground level PMyg and PM. « in the Kashmir Himalaya,
India. The model evaluation showed that the PM pred-
ication estimates are significant at 99% confidence level
for all the models. The TVM predicts daily PM,, con-
centration better than PM. ¢ explaining 82% and 74%
variance in the observed data, respectively. By adding
meteorological data to the regression analysis, there is
an improvement of 5% and 11% in R for PM,, and
PM. 5 estimates which inter alia reduced the RMSE by

M. A. Bhat * S. A. Romshoo (&)

Department of Geoinformatics. University of Kashmir, Hazratbal
Srinagar, Jammu and Kashmir 190006. India

e-mail: shakilrom@ kashminmiversity.ac.in

G. Beig
Indian Institute of Tropical Meteorology (1ITM), Pune, India

11.8% and 20.47%. respectively. Estimation of the par-
ticulate pollution. utilising satellite-based AOD, ob-
served PM and meteorology. would encourage
satellite-based air quality monitoring in the data-scarce
Himalaya. However, it is suggested that more studies
are required to improve the operational prediction of PM
pollution by incorporating satellite observations of other
pollutants, and processes in the model using advanced
approaches.

Keywords MODIS - Aerosol optical depth -
Meteorology - PMj; - PM; 4 - Himalaya

1 Introduction

Particulate pollution is reported as one of the major
health risks all over the globe as most of the world’s
population lives in the areas with unhealthy concentra-
tion of particulate matter (HEL 2019; Kumar et al.,
2019). Developing countries constitute about 805 of
the global population and particulate pollution accounts
for about 90% of the premature deaths and nonfatal
diseases each year in these countries (WHO, 2016). In
2017, 92% of the world’s population lived in arcas that
exceeded the WHO limits for PM (HEL 2019). In the
developing world, a huge amount of particulate matter is
emitted from different sources like vehicle emissions.
coal-burning, power plants, industrial emissions, bio-
mass burning and many other human and natural
sources which leads to the higher exposure level of the
populace to the particulate pollution (Gurjar etal.. 2010:
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Abstract

Quantitative glacial chronologies of past glaciations are sparse in the Himalaya,
and mostly absent in the Kashmir Himalaya. We used cosmogenic 10Be exposure
dating, and geomorphclogical mapping to recoenstruct glacial advances of the
Thajwas Glacier (TG) in the Great Himalayan Range of the Kashmir Himalaya.
From 10Be exposure dating of ten moraine boulders, four glacial stages with ages
~20.77 + 2.28 Ka, ~11.46 +1.69 Ka, ~9.12 +1.39 Ka and ~4.18 *0.78 Ka, were
identified. The reconstructed cosmogenic radionuclide ages confirmed the global
Last Glacial Maximum (gLGM), Younger Dryas, Early Holocene, and Neoglaciation
episodes. As per area and volume change analyses, the TG has lost 51.1 km2 of
its area and a volume of 2.64 km3 during the last 20.77+ 2.28 Ka. Overzll, the
results suggested that the TG has lost 64% of area and 73% of volume from the
Last glacial maximum to Neoglaciation and about 85.74% and 87.67% of s area
and volume, respectively, from Neoglaciation to the present day. The equilibrium
line altitude of the TG fluctuated from 4238 m a.s.t present to 3365 m a.s.l during
the gLGM (20.77* 2.28 Ka). The significant cooling induced by 2 drop in mean
ambient temperature resuited in a positive mass balance of the TG during the
gLGM. Subsequently the melting accelerated due to the continuing rise of the
global ambient temperature. Paleo-glacial history reconstruction of the Kashmir
Himalaya, with its specific geomorphic and climatic environment, would help
close the knowledge gap about the chronoclogy of past regional glacial episodes.

o Collaborative paper of Prof. Shakil Ahmad Romshoo with I. M. Bahuguna,
Space Application Centre, Ahmedabad, [], published in Cold Region
Science and Technology [1F-4.427]
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Abstract

The study investigated a group of 65 glaciers, selected from different mountain
ranges in the north-western Himalaya, India to understand and expiain their
status and response to the changing climate, surface topography and glacier
morphology. Two-date Landsat satellite images (1990 and 2014), ICESat
altimetry data, HMA DEM and SRTM DEM were used to estimate the changes in
glacier area, snout position, Equiliorium Line Altitude (ELA), glacier thickness and
velume. 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 5.8 + 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 o period. The glaciers across the study area are losing thickness in the range
of ~0.58 * 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 aititudes >8000 m (2.72 + 0.92%). The influence
of size on glacier loss is indicated by the higher glacier shrinkage observed for
the glaciers <3 km? in size {6.75 *+ 1.63%) compared to the lower shrinkage 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 unigue topographic and climatic setting endemic to a particular mountain
range.

e C(Collaborative paper of Prof. Shakil Ahmad Romshoo with Prof Gufran
Beig, Chair Professor @ NIAS (IISc) and Founder Project Director,
SAFAR [http://safar.tropmet.res.in] published in Environmental Pollution
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Abstract

Six years of data {2012-2017) at an urban site-Srinagar in the Northwest
Himalaya were used to investigate temporal variability, meteorological influences,
source apportionment and potential source regions of BC. The daily BC
concentration varies from 0.56 to 40.16 pg/m?® with an inter-annual variation of
4.20-7.04 pg/m?® and is higher than majority of the Himalayan urban locations.
High mean annual BC concentration (6.06 pg/m?) is attributed to the high BC
observations during winter (8.60 pg/m?3) and autumn (8.37 pg/m?3} with a major
contribution from Nov {13.88 pg/m?) to Dec (13.4 pyg/m?). A considerable inter-
month and inter-seasonal BC variability was observed owing to the large changes
in synoptic meteorology. Low BC concentrations were observed in spring and
summer {3.14 pg/m® and 3.21 pgfm?), corresponding to high minimum
temperatures (6.6 °C and 15.7 °C), wind speed (2.4 and 1.6 m/s), ventilation
coefficient (2262 and 2616 m?/s), precipitation (316.7 mm and 173.2 mm} and low
relative humidity (68% and 62%). However, during late autumn and winter,
frequent temperature inversions, shallow PBL {173-1042 m), stagnant and dry
weather conditions cause BC to accumulate in the valley. Through the
observation pericd, two predominant diurnal BC peaks were observed at ~2:00 h
(7.75 pg/m?3) and ~21:00 h (6.67 pg/m3). Morning peak concentration in autumn
(11.28 pg/m?) is ~2-2.5 times greater than spring {4.32 pg/m*) and summer (5.23
pg/m?), owing to the emission source peaks and diurnal boundary layer height.
Diurnal BC concentration during autumn and winter is 5% and 60% ... Read more
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