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Why care about Himalayan Glaciers ?

Feeds the perennial rivers !

More than 1 billion people relying on them 
for their daily needs !

Rongbuk Glacier – Then(1927) vs Now(2007)
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Google

Rising temperatures threatening 
Himalayan glaciers!
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Precipitation and glacial melt inputs in an average year

Glaciers act as buffer to drought

Pritchard, Nature, 2019 
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Precipitation and glacial melt inputs in a drought year
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Why care about Himalayan Glaciers ?
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Karakoram Anomaly – A silver lining? 

Recent resurgence in the mass-balance of
KH glaciers reported since the turn of the
21st century.

Bolch et al., Science, 2012

(Kumar et al., 2015)

Karakoram Anomaly

Farinotti et al., 2020

Snowfall dictates mass-
balance variability

Kumar et. al; 2019
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S T U D Y  R E G I O N
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IMD Stations

Frey et at. 2013

Limited number of measuring stations over the glacierized 

region. No gauge station over Karakoram.

OBSERVATION CHALLENGES
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Kumar et al., 2015 GRL

SEASONAL PRECIPITATION

Javed & Kumar, 2022 J. of Climate

WD’s
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Problems
• Interactive role of the glaciers in 

the climate system
• Direct and Indirect feedback 

mechanism
• Poor representation in today’s 

climate models

Solutions
• More sophisticated approach is

necessary, as contribution of
glacial melt-water is important

• Interactive glacier scheme for
regional climate modeling

• Glacier mass balance and area
changes on a sub-grid scale,
accounting for direct physical
feedback mechanisms

Coupled Glacier-Atmosphere Modell ing
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REMOglacier for mass-balance studies !
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Figure adapted from 
Kumar et al., 2015 and 
Kumar et al., 2019
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What are Western Disturbances (WDs)?
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• WDs are large-scale (≥1000 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.
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~65%

~53%

~17% 

A noticeable rise in the contribution of WDs in total precipitation and snowfall was
observed for KR along with an statistically significant decline in contribution from non-
WD sources. This key finding coincides with the Karakoram Anomaly period.

Volume of WD associated precipitation

Javed et al., 2022; Journal of Climate
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The “Karakoram Anomaly” connection !
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Accumulation during the NDJFM season plays a vital role in the annual mass budget estimation for 
Karakoram. 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%. 

Javed et al., 2022; Journal of Climate
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Global Climate Models

Glacier representation in ESM grid

Way Forward: Hybrid Modelling

To explore Physics-informed machine learning (PIML)

Enhancing data resolution at a cheaper computation.

Extreme events detection and analysis

• Enhance In-Situ & Remote Sensing Observations
• Integrating Glacier Sub-grid Variability in Climate models 
• Physics-informed machine learning (PIML) Framework
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Thank You for your kind attention!
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17-29 June 2025

https://indianglaciologyschool.com/Years-Content.aspx?yr=2025

LINKING AND QUANTIFYING THE IMPACTS OF CLIMATE CHANGE ON INLAND ICE, SNOW COVER, AND 
PERMAFROST ON WATER RESOURCES AND SOCIETY IN VULNERABLE REGIONS 

https://indianglaciologyschool.com/Years-Content.aspx?yr=2025

