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The Hindu Kush Himalaya Region (Water Tower of Asia)
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• ~9% of glaciers in globe
• 240 million people depend directly on HKH for their 

lives and livelihood
• 1.95 billion people depend on the HKH for water, 

Food and Energy
• >35% of world population benefits indirectly from 

HKH resources and ecosystem 

HKH area: 4.19 million km2
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• It is the source of countless perennial rivers that 
originate from glaciers. 

• It is also the source of various natural disasters such 
as snow/ice avalanche, glacial lake outburst floods 
(GLOF), Landslides/debris flows.



During 1999 – 2004: Inventorying of glaciers and glacial lakes
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 Area coverage: Bhutan, Nepal, Pakistan, China
(Koshi basin), Sikkim, Himachal Pradesh and
Uttaranchal Pradesh, India

 Data Source : Topographic maps of 1963 to 1982
and Satellite images of 2000

 Methodology : Visual Interpretation and Manual
digitization

 15003 glaciers covering area of 33344 km2

 8,790 glacial lakes, of which 203 were identified
as potentially dangerous

https://www.un-glaciers.org/

https://lib.icimod.org/record/7511
https://lib.icimod.org/record/21962

First homogeneous compilation of Glaciers data of 
HKH region was carried out by ICIMOD



During 2009 – 2010: Glacial lakes hazard and risk assessment in Nepal
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 Data Source: Landsat ETM+ images of 2005±1

 1,466 glacial lakes covering an area of 64.75 km2.

 21 lakes were identified as critical (potentially
dangerous) ones with 6 lakes defined as high priority lakes

https://www.un-glaciers.org/
https://lib.icimod.org/record/27755



During 2010 – 2011: Status of glaciers in the HKH Region.
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Semi-automatic – Object-based image classification
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Glacier cover in HKH: 1.4%

Total glacier: 54,252

Total glacier area: 60,054 km2

Data Source - Landsat ETM+ images of 2005±3 years

Mapping scale – 1:50,000

Area threshold : 0.02 km2 https://lib.icimod.org/record/9419



During 2012 – 2014: Decadal Change of Glaciers in Nepal (1980 – 2010)
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Decadal changeDecade (Year)
Glacier attribute

~1980–20102000–20101990–2000~1980–1990201020001990~1980

11%3781%433%1097%2263,8083,7653,6563,430Number

-24%-1266-7%-308-7%-295-13%-6623,9024,2114,5065,168Area (km2)

-29%-129-9%-31-7%-27-16%-72312343370441Estimated ice-
reserves (km3)
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https://lib.icimod.org/record/29591



During 2012 – 2014: Decadal Change of Glaciers in Bhutan (1980 – 2010)
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Change in Glacier Area (%)Glacier Area (km2)

Years
TotalDebris-

coveredClean-iceTotalDebris-coveredClean-ice

837.6 ± 28.8180.2 ± 1.61757.4 ± 26.051980

-11.6 ± 1.27.5 ± 0.9-13.6 ± 1.2740.7 ± 16.6786.2 ± 0.96654.6 ± 14.741990

-7.1 ± 0.14.4 ± 0.2-8.6 ± 0.1688.2 ± 16.4590 ± 0.79598.2 ± 14.32000

-6.7 ± 0.11.6 ± 0.1-7.9 ± 0.1642.1 ± 16.1291.4 ± 0.71550.7 ± 13.832010

-23.3 ± 0.914 ± 1.2-27.3 ± 0.91980-2010
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https://lib.icimod.org/record/29316

Annals of Glaciology , Volume 55 , Issue 66 , 2014 , pp. 159 - 166
DOI: https://doi.org/10.3189/2014AoG66A125



• Water bodies in front of and on or beside a glacier or in the lowland 
formed by paleo-glaciation are the object of glacial lake inventory.

• Fill gaps in HKH region

• Narrower temporal base (2005 ± 2)

• Single source of data (Landsat TM/ETM+)

• Good data quality for glacial lake change detection

• Lake size greater than 0.003 km2 were mapped.

• Regional data integration

• Consistent classification schemes of glacial lakes

During 2016 – 2018: Status of Glacier Lakes in the HKH Region
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Area (km2)NumberBasins
66.101,474Amu Darya

260.545,689Indus
208.594,082Ganga
883.5513,642Brahmaputra

16.15525Irrawaddy
9.27202Mansarover

1,444.225,614Total

AreaNumberType

314.472,636M(e)
Moraine-dammed 

lake (M) 21.85290M(l)
134.065,378M(o)

12.751,253I(s)
Ice-dammed lake (I)

0.827I(v)
239.322,842B(c)Bedrock dammed 

lake (B) 521.0612,392B(o)

199.89811OOthers (O)
1,444.225,614Total

https://lib.icimod.org/record/33736



During 2018 – 2020: Potentially Dangerous Glacial lakes in Koshi, 
Gandaki and Karnali River Basins
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Step by step categorization using 22 various factors: 

Level 1: Lake characteristics

Level 2: Dam characteristics

Level 3: Characteristics of source glaciers

Level 4 : Physical condition of surroundings
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Trainings and on-the-job trainings
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https://lib.icimod.org/record/33680

https://lib.icimod.org/record/33681

• Afghanistan 
• Nepal
• Bhutan
• Pakistan
• Myanmar



During 2018 – 2020: Decadal Change of glaciers in Glaciers 
and Glacial Lakes in Afghanistan (1990 – 2015)
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https://lib.icimod.org/record/35341

https://link.springer.com/chapter/10.1007/978-3-030-73569-2_11

Total Glaciers: 3782
Total glacier area: 2539 km2

Glacial Lake change
Glacier change



Decadal Changes of Glaciers in the HKH Region (1990 – 2020)

• Consistent data source –
Landsat satellite images

• Spatial resolution – 30m

• Narrow Temporal 
resolution - ± one year

• Accuracy and Quality : 
checking with other 
inventories and high-
resolution images

• Area Threshold: 0.02 km2

• Mapping Scale: 1:50000

Overall, area loss by 11.6% 



Inter-Decadal Glacier Area Changes in Major River Basins (1990 – 2020)

The Ganges, Brahmaputra and Indus experienced the greatest loss of area. 

Comparatively, recent decade has higher rate of shrinkage
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Disaster 
Responses 
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• Thame Flood, August 2024
• Ice Avalanche in Mustang, 2022
• Melamchi Flood Disaster, 2021 

(10.53055/ICIMOD.981)
• Chamoli Flash Flood,  Feb 2021
• GLOF in Panjshir Valley, Afghanistan, 2018
• Seti Flash Flood 2012

https://www.icimod.org/article/understanding-the-chamoli-flood-cause-
process-impacts-and-context-of-rapid-infrastructure-development/Consequences of Melting Glaciers



Data Visualizations
http://geoapps.icimod.org/glacier/



Regional Database System 
(rds.icimod.org)

Himal Doc 
(lib.icimod.org)



T H A NK S
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