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2022 Anubha Aggarwal, Kamna Sachdeva, S. Anbukumar, Anubha Mandal, Amit Aggarwal, expressed
views in Brainstorming Workshop on “WHO Air Quality Guidelines: Critical review and consideration
for framing Ambient Air quality Standards in Indian Context”, 5th May 2022, CSIR-NERI, New Delhi.
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3 Semester MSc students of TERI School of Advanced Studies for Seminar Course on Global
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2015 Financial support (registration fee waiver and accommodation) for attending XII-International
Symposium on Antarctic Earth Sciences 2015 in Goa (13-17, July 2015).
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to be held in Nepal from 1-6 March’15. Travel support is being given from the pool of the funds
from ICIMOD, Université Joseph Fourier, LTHE, and DFID

2015 Financial support, for registration, accommodation and per diem during the IGS Symposium
on Glaciology in High Mountain Asia to be held in Nepal from 1-6 March’15, given by DST/
SERB.

International travel grant from SERB under ITS scheme to travel to France for ERCA 2019
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1.

wn

5.
6.
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2019 Participant in ‘Mentoring and Training program in IPCC Processes for Early Career Mountain
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Mountain Research Initiative, University of Zurich and ICIMOD.

2011 Stood second in M.Sc. Climate Science and Policy

2010 Coordinator TUMAC (TERI University Music Appreciation Club)

2009 Best Team Member B. M. Johri Rolling Shield Award, Junior Category, Botany Department,
University of Delhi

2008-2009 President, Biological Society, Hansraj College, University of Delhi

2008 Best Speaker Vice Chancellor’s Trophy Award (paper presentation competition), University of
Delhi.

2008 Started college society magazine ‘SRISHTI®

SOFTWARE SKILLS

1. Remote sensing & GIS softwares: ERDAS Imagine 9.1, LPS, ENVI, Arc GIS 9.1,
Arc view 3.2, Quantum GIS, COSI-corr

2. Statistical software: Minitab, R-tool (basic level), ITSM, Minitab

3. Climate data display software: GrADS, Panoply




4. Climate data analysis software: CDO, NCO

5. Climate Modelling: Regional Climate Model (RegCM), Weather and Research Forecasting Model
(beginner’s level)

6. Fortran

Field Experience:
Visit to East Rathong glacier, Sikkim Himalaya from 16th May’11 to 3rd June’11, as part of TERI’s
team.

Visit to Chhota Shigri glacier, Himachal Pradesh, Central Himalaya from September 19th -22nd

November’13, as a participant of Indo-Swiss Capacity Building Programme on Himalayan Glaciology
Level-Il.
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ABSTRACT

Mountains are a critical source of water. Cryospheric and hydrol
socio-economic development are threatening downstream wa

ter security triggering the need for
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logical changes in combination with

effective adaptation responses. Here, we present a global systematic review (83 peer-reviewed articles)

that assesses different Wwater-related stressors and the adaptation résponses to manage water stress in
major glaciated mountain regions. Globally, agriculture (42%), tourism (12%), hydropower (8%) and
health and safety (4%) are among the main sectors affected by hydrological and cryospheric changes .

KEYWORDS

Mountains; Water stress;
Cryosphere; Adaptation;
Limitation

A broad set of adaptation measures has already been implemented in the world's mountain regions,
We find that globally the most commonly used adaptation practices correspond to the improvement
of water storage infrastructure (139%), green infrastructure (9.5%), agricultural practices (17%), water

governance and

policies (21%), disaster risk reduction (9.5%) and economic diversification (10%),

Successful implementation of adaptation measures is limited by reduced stakeholder capacities,
collaboration and financial resources, and policies and development. To overcome these limitations,

funding for

climate change adaptation and development Programmes in mountains and trust-

building measures such as shared stakeholder activities need to be strengthened. Local awareness
raising of both, the adverse effects of climate change and potentially positive implications of specific

adaptation measures can help to support successful adaptation,

Introduction

Mountains are the source for water provision of major river
systems, rich in biodiversity and represent clear indicators of
climate change impacts. (Hock et al., 2019), Mountain regions
arealso known as ‘water towers’ as they supply disproportional
runoff as compared to the adjacent lowland area to sustain
environmental and human water demand downstream
(Immerzeel et al,, 2019; Viviroli et al,, 2020).

About L1 billion or 15% of the world population live in
mountain regions (Romeo et al, 2020). Water stress can
affect 1.9 billion people living in or directly downstream of
mountain regions (Immerzeel et al,, 2019). The lowland popu-
lation depending on essential mountain runoff contributions
has grown from ~0.6 billion (23% of the total lowland popu-
lation) in the 1960s to ~1.8 billion (39%) in the 2000s (Viviroli
et al,, 2020).

About 90% of the global mountain Population lives in the
countries of the Global South from which only 8% live above
2500 m asl. However, most of the high-mountain societies
live in poverty and are considered highly vulnerable to climate
change and food insecurity (Korner & Ohsawa, 2005). The

CONTACT Anubha Aggarwal ? agrawal.anubha@gmail,

110042, India; Holger Frey ® holger.freyageo.uzh.ch (e}

© 2021 Informa UK Limited, trading as Taylor & Francis Group

rough terrain, complex climatic patterns and data scarcity
are limiting the process understanding of mountain areas.
Along with this, socio-economic constraints often reduce
local adaptive capacity, leading to difficulties in designing
and implementing adaptation strategies. Adaptation to climate
change is defined as an adjustment in ecological, social or
economic systems in response to observed or expected changes
in climatic stimuli and their effects and impacts in order to
alleviate adverse impacts of change or take advantage of new
Opportunities (IPCC, 2001),

There are more than 0.2 million mountain glaciers outside
Antarctica and Greenland [ce Sheets, with 0.7 million km? area
and 158 + 4] x 10? km? volume, all around the world (Farinott
etal, 2019). Glacier mass loss affects regional runoff and global
sea level. From 2006 to 2016 glaciers of Western Canada and
the USA, Central Europe, Central Asia, Southern Andes,
Africa and New Zealand have shown a mass change of
—0.83 +£0.40, —0.87 + 0.07, —0.15 +0.12, =118 +0.38, —1.03
+0.83 and —0.68+ 1.15 m wee. yi! respectively (Zemp et al.,
2019). The rapid shrinking of mountain glaciers (Hock et At
2019; Zemp et al,, 2015) leads to rapidly growing lakes in
recently exposed areas (Drenkhan et al,, 2019; Shugar et al,

com @ DST WoS-A Scientist, Department of Civil Engineering, Delhi Technological University, New Delhi —
Department of Geography, University of Zurich, Winterthurerstrasse 190 CH-8057 Zurich, Switzerland
0 Supplemental data for this article can be accessed at https://doi.org/10.1080/1 7565529.2021.1971059
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Abstract: In this study, the mass balance of Sikkim Himalayan glaciers is computed by the energy balance modeling
approach using REMO and APHRODITE data. According to the present work, the glaciers show a mass balance
of ~0, +0.31 and —0.32 m w. e. yr'! for time periods 1981-1990, 1991-2000 and 2001-2005.

To investigate the possible changes in the near future (2006-2049) and far future (2070-2099), REMO data
under different representation concentration pathway scenarios 2.6, 4.5 and 8.5 are also analysed. For the time
period 2006-2100, RCP2.6, RCP4.5 and RCP8.5 give an average mass balance of -0.75 m w. e. yr'', -1.04 m w.

1

e yr !

and -1.4 m w. ¢. yr

. respectively. The results are comparable to other studies. This study is one of the

few studies carried out to estimate the mass balance of glaciers using only climate model data.

Keywords: Mass balance: Energy balance: Representative Concentration pathway; REMO,

Introduction

Fresh water is an important resource and mountain
regions provide a substantial proportion of freshwater
to the world (Viviroli et al., 2020). Regional water
availability is affected by glacier retreat and thinning
(Zemp et al., 2019). Himalayan glaciers are an important
freshwater resource in Asia and hence have become a
widely studied area. But because of the difficult terrain
and extreme weather conditions of these regions,
collecting continuous field data is very difficult (Azam
etal., 2018). For this reason, less observational data is
available from these areas and also it is hard procuring
the available data. Hence, remote sensing became a
suitable method to study glaciers a long time back (Paul
ct al., 2004: Agrawal and Tayal, 2013; Agrawal ct al.,
2014). Gradually climate model data has also become
popular to study glacier-atmosphere interactions in these
regions (Rounce et al., 2020; Kumar et al., 2019).

*Corresponding Author

Glacier mass balance is being widely studied (Azam
ct al., 2018) as changes in mass balance and area of
the glacier are correlated with climate change (Zemp
ct al., 2019). It is reported that glacier mass changes
are negative in all regions over the latest observational
decade, from 2006 to 2016. Mass balance of glaciers
in South America is —1.0 m water equivalent (w.e.)
per year; in the Caucasus, Central Europe, Alaska, and
Western Canada and the USA is —0.8 m w.e. yr™!. that
is in the Southern Andes, it is —1.18 m w.e. yr™!, while
in Central Asia it is -0.15 mw.e. yr', etc (Zemp et
al., 2019). In the Himalayan region, mass balance is
studied using a glaciological or on-field method only
on 24 glaciers where the longest continuous series is
only 12 years for Chhota Shigri Glacier (-0.56 + 0.40
m w.e. a_' over 2002-14) (Azam et al., 2018). Bolch
et al. (2012) and Singh et al. (2018) have compiled
mass balance data from a large number of studies
based on glaciological/geodetic/hydrological/AAR

5
e ey



- Article -

Advances in Polar Science

dai: 100136794 advps. 201 £.0050

Jape 2019 Vaol. 30 Mo, 2: 93105

e

[

Surface energy balance on the Antarctic plateau as
measured with an automatic weather station during 2014
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Abstract  AWS data during 2014 codlected ot PANDA-N station, on the Ezst Anarctica Plateau, are analysad. Met Short Wave
Radiation (we), net Long Wave Radiation ({wn), sensible (), ket ({1 ) and sohsurface or groand {(Jc) hest fluxes ant
compuied. Anmual averages for Deea, (uove. On, G and o of 1965, —4%.16, 2640, —0.77 and 3 86 W-m™ were derived based
om an albedo vabae of 0.8, (wa and (v ae the major sources of heat gain to the susface and Cuws (8 the majar componsnt of
Eeat loss from the surface. An Aerative method 15 wsed 1o estimate surface temperaturs in this paper, suface lemperabee of
snowice is gmdually incressed o decreasad, thivehy changing longwave mdiation, sensible, latent and subsurface heat Nuxes,
o Uil the net emergy balance becomes zero, Mass loss dee to sublimaton al PANDA-N station for 3014 is estivaed 1o be
1218 wien woe-a™'; and mass gain due fo water vapour deposition 15 estimated (o be 3.58 mm woeca”!. This the net mass boss
i o sublimation'depesition is B.6 mm we-a™, This study computes surfsce energy flunes wsing 2 moded, instead of direct
menparements, Alse there are missing data especially for wind spesd, though 2 m air temperanire data 13 almast continucously
available throughout the year, The wncemainisc: of albedo, wind speed and furbubsst fluxes cause the most probable ermor in

momihily values of (e, $h. G, Go and surface temperature of shout £4%, £20%, £50%. &1 13 and 40.74 K respectively,

Kiywerds  energy balance, Antarciica, surface mass lass, CHINARE

Citation: Ding M H, Agrawal &, Heil P, & al. Surface snergy balance on e Antanctic platme as measared with an aucematic
wizlhit station during 3014 Adv Polar Sci, 2019, 3003 93-105, doi-10. 1367 advps 200 & 0050

1 Introduction

Antarctica is the coldest, windiest and driest place on Earth.
It has three paris, Fast Antarctica, West Antarctica and the
Antarctic Peninsula. In comparison to mountains of
mid-latituds regions, it has very flai topographic relief
excepd n some coastal greas. Due to the thresis fike sex
level rise, changing wind patterns and loss of biodiversity,
polar research is given rmportafce m context of global
climale research. The Antarctic [ee Sheet™s (A15) role as the
major heat sink for Earth's atreospheric circulation makes it

"Corresponding author, E-mail: agrawal anobha@gmail com

a very imporiant region on the glebe, However, leaming
about ALS is still a challenge because of its remote location,
inaceessibility, harsh weather conditions and expensive
expedition logistics,

The surface energy balance (SEB) of AIS is studied to
learn about its climate processes and to monitos the impact
of ghobal climate change on the AIS (Van den Broeke et al_,
2006; Hoffman et al., 2008; Ma et al,, 2011a, 2011k}, In
particular, information abou! surface energy fluxes may be
uszd for validation of climate models for Antarctica (King
and Connolley, 1997). The Antarctic atmosphers is highly
transmissave For solar radiation, especially on the high
interior  plaicaw  where the atmosphere is thin  and
concentrations of elouds, water vapour and sercsols are fow,

o



Mass-balance modelling of Gangotri glacier
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Abstract: The sensitivity of glacser miss baluce (MB) i response 1o climatic perturbations has
made it an impoaun parameter of study from hydrotogical, chimatological and glaciotogical
pront of view. To monaton the bewlth of wny shaces sysbenm, b g-tenmn MB observastions iee reguired

These obwervations wming Himaliyan ghaciers aee oot avinlable conssiently and lange glsens ae
ot often twnitored for mass Dalance dus to logistical chalienges. One soeh placier is the Gangon,
sttuated i the westem Himubayi In the present study an stempl is made w model the MB over the
CGangotn glacier, the biggest glacier m the Ganga basin and wlso the pomt of pngin of the
River Ganges. The miss balance of the Gangotri glacser s estimted dunng the nme penod
19852014 using two diflerent methads: see-fow velocity, amt energy balance modelling using
regional model (REMO) outputs aod i sow swtomitic weather station (AWS) data, The geodetic
method s used for the nearby Dokeant placier, where field based MB measurements are available.
MB of Gangetn ghicier estimated for 2000 - 14 using the tee-low velocity method 18 —0.92 +
036 m we a ' for 2006-07, MB using AWS and Tropical Runfall Monitoring Mission (TRMM)
data with the energy balance modelling appeoach is <082 mwe o ' and for 1985-2005. MB
uning REMO data with the enérgy batance modelling appeoach 15 098 = 023 mwe o'

Uning the surface velocily I, i ix esti 1 thot the glu.:icr Tost 95 of ity volume during
the pervod 2001 - 14, The glacier vagited an ares of 0152 k' from the saout segion. and retreated
by 200 m i the fast 14 years M values sstimtated (e the CGungotr glacier from diffecent method

ologies are remarkably ¢lose, suggesting them (o be suitable methods of MEB estimation, TRMM,
Higeh Asia Retioed (HAR- 103 amd Astan Precepisation Highly Resolved Ohservitional Disa Integra-
ton Towirds Evaluation of water re (APHRODITE ) data are used 1o estimite the precipitie
ton over the glacier. The study suggesty that the glacier wide estimadinn of weather parunecters
necds 10 be mproved 1or moee accirate estmalion o glacker minss balance

Supplementary materkal: The soow covorad arcac for monthe Lan Bec. obtned foe Gangotn
ghacier sy Landsat dict ond NDSE nvenalized diflerencing snow index) foe year 2004 is
avatlable @l hitps ol ong, 108084 /mb figstare < 888001

The study of gluciers is of wnmense sigaificance for
understanding and predictmg global environmental
chunge. They play i very important role in the regu-
lason of Eath’s energy budget. Whenever there is 4
climatie perturbution glaciers respond by gaining or
lossng imass, eventually leading o o change m therr
length, ared and elevation Change in gliiers vitnes
chunge in the regional hydrology and therefore
downstream  flow regimes  (Thayyen & Gergan
20000, So far, muss-balance (MB) studies - the
Himalaya have bheen concentrated among a few
medium- and small-sized glaciens (Dobhal e o
2008: Buleh ez el 201 1) However, in the Humilayan
catchments where downstream fows aee donnated
hy the monsoon dunng the peak placier melt penod
ol July andd Atgust (Thisy yen & Gergan 20104 o

rbutions from these siall glaciers fave o tinled
ifluence, Larger glicwrs sach w Gangotn placier
have  decisive impact on the downstreans How
regimes of the headwiter reach of the River Ganga,
The mean annual summer runolt from the Gangotn

hacier catchment, including 258,56 km” of Gangotri
glacier system, 35 about 522 million cubic metres
(MOM: Kumur e al 2002 In comparison w this.
average summer unoff generated from the nearby
Dokriani glacier catchment (15.7 km*) with 7 km’
glucier cover is merely 54 MOM (Thayyen & Gergan
210y Being the Targest glacier in the Ganga head-
water region @ well as the souree of 1he Rever
CGangy, the MB perturbations of Gangrot ane of
inmense seientific mierest. There are o number of
virying views reganding the response ol the Gangoin
placier 1o the changing climate of the region, Some
suggest that the Gangotn glacier has retreated fast
duning the past three decades (IPCC 20671, while
others suggest that the retreat of the glacier has
slowed dlowin sduring the recent past (Kumar o of
NON: Rama 20600 There are aldso Viewpsoinis
whech caption sgaimst kg the present climate:
response of glaciers wath that of glacier secession
of the large 30 km long glaciers such as Gangoin
(Thayyen 2008). The uncertainty aver the response

From Past, N CRavisnea, R Seivastava, D& Trosason, L, G eds) The Himalayean Cryosphere: Past and Prosent
Cieologseal Sociery, London, Specul Publications. 462 hups / doborg 10144 /8§P462.
02017 The Autharts). Published by The Geologicul Suciety of London. Al nghts eserved.
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Thickness Computation for Byrd
Glacier, East Antarctica
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Abstract: Byl Glaceer is_an outlel glacier draining e
from the East Amiaretica foe sheet (o the Rosy Doe Shelf
Living surfuce Mvisedd velocity meaxievments e in 1 w8
29 thickuess i estimated  for Beed gloviee psmg an
algorithun baved on weface velocits. Earlier, ice ihicknesy
hits been reported using surface elevation from wround
surveys awd  bed  sopography  from e bome  radar
sounding,

Keywords: Ansarctica; Thickness, veloeiy

1. INTRODUCTION

Byrd glacier (Fig. 1) is one of the larges ourler glaciers of
r\numb;n with (s cutchment hasin having an g of
107400 k™ and 1he jce being. funncled i 4 =20 km
wide ol =100 ke long fjord through the Transuntarctic
Mountans amd afier that diverging into the Ross e Shell
[1] There have beent muny quantitative  glaciolugical
Investigatony for Byrd glacier |2, 3, 4] Brecher [4]
measured 1003 elevatsons and 471 velocities o6 points on
the man iee seeam of Byrd glacier usiog phasopommieiie
travtgalation Teom two sets of serial photography in Dee
1978 and Jan 1979, These diali were used by Whillass ot al.
151 und Van der Veen et al [1] to conduct a force balunce
megsurerent, The same duta are used in this study also,

Bed tpagraphy of Byrd glacier was studied by the Centre
far Remote Senying of ice shects at the Umiversity. ol
Kansas during the 200112 auwstral summer using airbome
rudar sounding. lee thickness vaned from 2300 m to SO0 m
av seen from ploty in Van der Veen et al. (1] from 3200 m
o 700 m s seen from plul.\ o Whillans et ul. 5]
M detormation of 57 ma " wins caleubited
by Van der Veen et al [1] with almost all discharge being
due 1o basal shding with the average bisal drig of 130 kPa.

Viscusity paramictes B = 600 kPa o' comesponding (o an
ice tempeature of 20C was used by Van dee Veen et al
1] for calcutations. The same value ol viscosty parameter
in esedd 1 the present siudy

Agrawil 1) reported o new ilgorithm tor caliulation ol e
thickpess usng slope and surface velocity data. The same
algorithin is used i this work. This algorithim is bised on

the work by Mlnkun nml Marshall [ 7], They esumated the
eflect o | stress I o eflective
graviatonal toud  In addiion (o lhl.‘ slope and surface
velogity  datn. this  abgorithm - requires. theee more
parameters, Lo, average hisal drag, creep coelliciem and
stiding Tenpth (o thickness ratio.

Fig L, qummd‘ﬂyrluhckrhl-‘m
Antarctica. This TIFF image of Byrd glacier is downloaded
from |¥]

In the present paper, # method 15 propased to exstimate the
shiding length 1o thickness ratio. This rato s important tor
estimiting longitudiogl shiding factor which is a fanction of
ship ratio and shiding length 1o thickness rao, @ tabulsted
by Adhikari and Marshall [7] Based on this algonthm, we
thickness is caleulated comesponding 16 various velocity
porints for Bynd glacier i this woek. The slope of the e
surtuee ol Byrd glacier i foss than | degres as seen from
Brovtier 4] a0 u constant stoge ol | degroe s assumed i
this work tor the entire Byed glacier. There o a reguirement
of & mintmun treshold stope inthe wlgonthm o redues
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