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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)
Gangotri	Glacier	retreat	history	(Kargel	et	al	2013)
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Rising	temperatures	threatening	
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

Azam et al., 2018
Farinotti et al., 2020

Snowfall dictates	
mass-balance
variability

Kumar	et.	al;	2019
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REMOglacier	for	mass-balance	studies	!

06/12/2023 5

Figure	adapted	from	
Kumar	et	al.,	2015	and	
Kumar	et	al.,	2019



ICRC-CORDEX 2023, Trieste, 25-29 Sept 
aaquib17@iiserb.ac.in

What	are	Western	Disturbances?

06/12/2023

WDs are upper atmospheric (8-10 km from MSL) synoptic-scale (≥1000 km)
extratropical cyclonic systems, originating in the Mediterranean region.
The boreal winter facilitates conditions promoting their production and development.
Upper atmospheric cyclogenesis is promoted by incursion of cold polar winds into the
area, already warm and moisture-laden.
They then travel eastwards with the mid-latitude subtropical westerly jet stream
(STWJ), until impeded upon by the Himalayas.

IMD’s	definition:	
“a cyclonic circulation/trough in the mid and lower troposphere or a low-
pressure area on the surface, which occur in the mid-latitude westerlies
and originate over the Mediterranean Sea, Caspian Sea, and the Black Sea
and move eastwards across north India”
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Objectives of	the	study?	

To examine the 
role of WDs in 
controlling the 

"Karakoram 
Anomaly"

Quantify the 
WD snowfall 

contribution to 
regional 

precipitation

Identify the key 
behavioral 

changes in WD 
frequency and 

intensity

Dynamics 
controlling the 
formation and 
propagation of 
WDs in recent 

decades

06/12/2023
aaquib17@iiserb.ac.in
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Study	Region	and	Boxes

Javed	et	al.,	2022;	 Journal	of	Climate

Extent of Impact Boxes:
• KR: 33°N-37.5°N and 72.3°E-80°E
• WH: 30.2°N-36°N and 72.6°E-82.2°E
• CH: 27°N-31.7°N and 76.8°E-86.5°E
• EH: 26°N-30°N and 84.3°E-95.6°E

Extent of Genesis Box:
20°N-50°N and 20°W-60°E
Extent of Himalayan Box:
26°N-37.5°N and 72.3°E-95.6°E

06/12/2023
aaquib17@iiserb.ac.in
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Methodology	– WDs	Tracking	Algorithm
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• ERA5, MERRA2 and
NCEP-CFSR used to
generate WD storm
tracks for the period
1980-2019 (Nov-Mar).

• “TRACK” developed by
Dr. Kevin Hodges
(University of Reading)

• Relative vorticity
between 400 and
300 hPa levels used.

The study period divided
into two sub-periods:

P1 (1980-2000)
P2 (2001-2019)

Filtration:
1. Lifetime > 1 day;
Distance travelled >
1000 Kms.

2. Passes through KR
Impact Box.

3.Originate inside the
Genesis Box.

Javed	et	al.,	2022;	 Journal	of	Climate

06/12/2023
aaquib17@iiserb.ac.in
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Frequency of	Karakoram	WDs

Depicts	little	to	no	change	in	the	frequencies	of	WDs	
impacting	KR.

Javed	et	al.,	2022;	 Journal	of	Climate

06/12/2023
aaquib17@iiserb.ac.in
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Intensity	of	WD	associated	precipitation

Difference in mean precipitation 
intensity between P1 and P2

Mean precipitation intensity is found to be increasing in P2

Completely dominated by significant positive 
differences 

KR saw a rise of about ~10% in mean 
precipitation intensity

Javed	et	al.,	2022;	 Journal	of	Climate

06/12/2023
aaquib17@iiserb.ac.in
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Volume of	WD	associated	precipitation

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.

Javed	et	al.,	2022;	 Journal	of	Climate

06/12/2023
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Dynamics controlling	the	genesis	of	WDs

An increase in the upper tropospheric baroclinic instability over Mediterranean Sea has
been linked to increased genesis activity over the region.

Javed	et	al.,	2022;	 Journal	of	Climate

06/12/2023
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Dynamics controlling	the	genesis	of	WDs

A	significant	poleward	shift	of	
the	jet	stream	has	facilitated	
the	genesis	of	stronger	WDs,	
impacting	their	intensity	if	not	

frequency

Javed	et	al.,	2022;	 Journal	of	Climate

06/12/2023
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The	“Karakoram	Anomaly”	connection	!

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

1989-2016

06/12/2023
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Summary &	Conclusions

• No significant change has been found in the frequency of WDs for the region.
• However, the precipitation intensity has seen a noticeable rise in P2.

• Contribution of WDs in total precipitation and snowfall increased in P2.

• Contribution from non-WD sources has had a statistically significant decline for KR.

• Enhanced baroclinic instability and poleward shift of the jet stream were found to
has facilitated the generation of stronger WDs in the Genesis Box.

• Thus the role of WDs in establishing and sustaining the “Karakoram Anomaly”
cannot be ruled out and presents itself as one of the important drivers of the
phenomena.

06/12/2023
aaquib17@iiserb.ac.in
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