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Why care abouHimalayanGlaciers?
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Rising temperatures threatening

Himalayan glaciers!




Glaciersact as buffer todrought
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Precipitation and glacial melt inputs in a drought year
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Karakoram Anomaly;, A silver linin@

Recentresurgencein the massbalance of
KH glaciers reported since the turn of the B @ &

21st century.
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STUDY REGION
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OBSERVATIOQ@HALLENGES
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Limited number of measuring stations over the glacierized
region. No gauge station over Karakoram.
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CoupledGlacierAtmosphere Modelling

Problems

A Interactive role of the glaciers in
the climate system

A Direct and Indirect feedback
mechanism

At 22 NJ NBLINBaSyll
climate models

Solutions

A More sophisticated approach is
necessary, as contribution of
glacialmelt-water isimportant

A Interactive glacier scheme for
regionalclimatemodeling

A Glacier mass balance and area
changes on a subgrid scale,
accounting for direct physical
feedbackmechanisms

Glacier processes form a complex nexus

e ~ { f
snowtal | o
" \ f / aaaaaa e
[ 4 4 sensible
| fumwe » J Heatflux
b 4
7 ”3-'2.3,-@‘i “_."o [ﬁ' ~. Ve 4
A AY a’ R I
y. il y. Blation Jrk (
o Latent
>  HeatAux l

Replicating these complex
processes is a challenge for
the modelling community

A leaajor Ia_cuna in th<_—:‘
~ standing of glacial

processes

* Non-glaciers areas isolated with
vegetation also considered

+ Seasonal snow-cover considered to be
part of this fraction

I

Energy balance and runoff
taken into account for
mass balance estimations

Simplified approaches such as static
glacier masks are not sufficient

Start of simulation End of simulation

I:l glacier
Dynamically adjusting glacier masks are I:l land
need for future
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REMQ),,ciefOr massbalance studies !
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What are\Western Disturbances (WD?)

Schematic Representation of the WDs
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A WnDsare largea OI f S O xparatmosihafiq(8&10 km) cyclonlc systerrﬁmm the Mediterranearthat
travel eastwith the subtropicalvesterly jet, until impeded upon by thélimalayas

A Theirformation is triggeredby cold polar aimixingwith warm, moist airwith boreal winterenhancing these
conditions.



Volume of WDassoclated precipitation

(@) Volume of WD-Snowfall (e) WD-Snowfall Contribution in Total Seasonal Precipitation

90 KR =
70 ~53% R

~ 80 | \

: /| A J 60

£ - ‘ e/l\\ | \ [ | | V

560 AT §50 . V\/ \/\z \/ \/ N,

o 7\ | | \

> 50 \ ‘ o

A noticeable rise in the contribution of WDs in total precipitation and snowfall was

1980 | observedfor KRalong with an statistically significantdeclinein contribution from non-| 202
(c) wp-sit WD sources Thiskey finding coincideswith the KarakoramAnomalyperiod.
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Ensemble mean of WDs contribution over glaciated fraction
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The ensemble mean contribution of WDs over the glaciated region rose from ~37% in P1to
about ~47% in P2, a relative jump of about ~27%.
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Way ForwardHybrid Modelling | | |
Enhance Ifbitu & Remote Sensirigoservations

A IntegratingGlacier Sulgrid Variabilityin Climate models
A Physicdnformed machine learning®(ML Framework

Horizontal Grid
(Latitude-Longitude)

In numerical models:-

NUMERICAL MODELS

Vertical Grid

» Forcings
(Height or Pressure)

. . » Predictions
> Slygmere Dynamics Physics

» Projections

In AIML*:-

AIML MODEL
= Weights and bias

! = Convolution filters

= Representations / Feature maps
= Functional relations

* In general

‘//5 To explore Physics -informed machine learning (PIML)

Land
60%

Glacier representation in ESM grid < °
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>Enhancing data resolution at a cheaper computation.

> Extreme events detection and analysis
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Geophysical Research Letters &

LINKING ANIDUANTIFYING THE IMPACTS OF CLIMATE CHANGRRNCE SNOW COVER, AND
PERMAFROST ON WATER RESOURCES AND SOCIETY IN VULNERABLE REGIONS RESEARCH LETTER

10.1002/2015GL063392

Key Points:
+ Regional climate model coupled with

17-29 June 2025

https://indianglaciologyschool.com/Yeafsontent.aspx?yr=2025

dynamic glacier parameterization
scheme

« Mass balance and ELA for Karakoram-

Himalayas glaciers

Supporting Information:
« Text 51 and Tahle 51
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Response of Karakoram-Himalayan glaciers
to climate variability and climatic change:
A regional climate model assessment
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OFEN Snowfall Variability Dictates

Glacier Mass Balance Variability in

Himalaya-Karakoram
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