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Why care about Himalayan Glaciers ?
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Glaciers act as buffer to drought
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Precipitation and glacial melt inputs in a drought year

Pritchard, Nature, 2019
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Why care about Himalayan Glaciers ?
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Karakoram Anomaly — A silver lining?
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STUDY REGION
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OBSERVATION CHALLENGES
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Limited number of measuring stations over the glacierized
region. No gauge station over Karakoram.
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Coupled Glacier-Atmosphere Modelling

Problems

* Interactive role of the glaciers in

the climate system
Direct and Indirect feedback
mechanism

Glacier processes form a complex nexus
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Replicating these complex
processes is a challenge for
the modelling community
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Simplified approaches such as static
glacier masks are not sufficient

Start of simulation End of simulation

. . ’ f/ " A major lacuna in the _ o [ glacier
[ ] POO r re p rese ntatIO n I n tOd ay S i?f Abiaeiana.-ea/!ﬁ understanding of glacial Dynam||:ally::::s:::‘gfug:::;er masks are I:l land
CI i m ate m Od e I S »"y‘ “:'l‘."mi‘l processes Start of simulation End of simulation - water

@e@. palance

Solutions 5

* More sophisticated approach is
necessary, as contribution of
glacial melt-water is important

* Interactive glacier scheme for

‘ REMO ., has the

capability to fill these
knowledge gaps
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* Glacier mass balance and area
changes on a sub-grid scale,
accounting for direct physical
feedback mechanisms

+ Seasonal snow-cover considered to be
part of this fraction
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REMO for mass-balance studies !
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What are Western Disturbances (WDs)?

Schematic Representation of the WDs
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WDs are large-scale (21000 km), upper-atmospheric (8—10 km) cyclonic systems from the Mediterranean that
travel east with the subtropical westerly jet, until impeded upon by the Himalayas.

Their formation is triggered by cold polar air mixing with warm, moist air, with boreal winter enhancing these
conditions.



Volume of WD associated precipitation

(a) Volume of WD-Snowfall (e) WD-Snowfall Contribution in Total Seasonal Precipitation
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The “Karakoram Anomaly” connection !
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The ensemble mean contribution of WDs over the glaciated region rose from ~37% in P1 to
about ~47% in P2, a relative jump of about ~27%.
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Way Forward: Hybrid Modelling

Enhance In-Situ & Remote Sensing Observations
Integrating Glacier Sub-grid Variability in Climate models
Physics-informed machine learning (PIML) 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

Glacier

/M To explore Physics-informed machine learning (PIML)

> Enhancing data resolution at a cheaper computation.

> Extreme events detection and analysis

Glacier representation in ESM grid < ®
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