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Background
Education

• Bachelors in Environmental Science ( 2010-2014)

• M.S. By Research in Glaciology (2014-2016)

Work experience

• HiCCDRC ( Kathmandu University) (2016-2018)

• GIS and Remote Sensing Research Associate –

ICIMOD (2018- present)
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International Centre for 

Integrated Mountain 

Development

• Intergovernmental International organization 

working in the Hindu Kush-Himalayan Region

• Established in 1983

• Regional, facilitator with a mountain perspective

• Contributing to country-based knowledge for the 

region

• Promoting the extension from local to 

transboundary approaches

• Customizing international knowledge

• Capacity development
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Among the world’s most 
important global resources, 
the HKH—Hindu Kush 
Himalaya—sits at the peak.



The Third Pole of the world

14 of the tallest peaks in the world

Source: OurWorldinData.org
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Source: HIMAP climate change 
and cryosphere chapters and 
Kraaijenbrink et al. 2017, Nature

In a 1.5˚C 

world, glaciers 

in the HKH will 

lose 1/3 of their 

volume by 

2100
And 2/3 of their 

volume under 

current emission 
trends

Snow covered areas and snow 

volumes will decrease and 

snowline elevations will rise;

Snow melt induced run-off peak 

will be stronger and occur earlier 

in the year

Even 1.5 

Degrees is 

Too Hot for 

the HKH

and amplified 

by elevation 

dependent  

warming



Mapping and Limitations

Rugged terrain

High elevation

Remote area

Expensive field 

survey

Time consuming

Manpower

Old topographic 

map

Restriction of map 

Remote sensing method is the best tool 

Field based and Remote Sensing

However!!!

Clouds

Shadows

Snow
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Without high-quality training data, even the 

most efficient machine learning algorithms will 

fail to perform.
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Glaciers

A glacier or perennial snow mass, identified by a single GLIMS glacier ID, consists of a body of ice and snow that is 

observed at the end of the melt season. This includes, at a minimum, all tributaries and connected feeders that contribute 

ice to the main glacier, plus all debris-covered parts of it. Excluded is all exposed ground, including nunataks. 

--GLIMS Glacier Inventory

Source: Jakob Małecki



Methodology
Semi-automatic – Object-based image classification
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Glacier Inventory

• Glacier Identity

▪ GLIMS ID

• Glacier Location

▪ Latitude

▪ Longitude

• Elevation (Max, Mean, Min)

• Slope ( Max, Mean, Min)

• Aspect 

• Surface Area (km2)

• Area-elevation 100m bin

• Area classes

• Mean thickness 

• Estimated ice reserves

GLIMS Glacier Inventory & WGMS glacier classification system



Mapping Method
using Google earth engine
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1. Quality of the image (with potential issues due 

to seasonal snow, shadows and cloud cover), 

2. Interpretation of glacial features and 

methodology used

3. Post-processing techniques (Le Bris & Paul, 

2013;169 Paul et al., 2013, 2017; Racoviteanu et 

al., 2009, 2019)

Uncertainties 

Can be visually identified and corrected but 

an exact quantification is difficult due to the 

lack of reference data available from the 

region (Racoviteanu et al., 2009; Shukla et al., 2020).

Significant and have an impact on 

glacier area estimation. Therefore, 

we applied a buffer-based 

assessment to glacier areas with the 

buffer width set to one-pixel 

(Bolch et al., 2010; Granshaw 174 & Fountain, 2006; 

Mölg et al., 2018; Paul et al., 2017; Racoviteanu et al., 

2009; Shukla et al., 2020; Tielidze & 175 Wheate, 2018),
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Uncertainty

The uncertainty of glacier area in the present study:

2.5%, 2.4% , 2.5%, 2.5 % for the years 1990, 2000, 2010 and 2020 respectively 

The buffer-based method determines the highest and lowest estimates of glacier size

uncertainty using factors such as glacier size and imagery spatial resolution. This method is

more suited for a specific dataset and is recommended when no dependable reference

data exists (Paul et al., 2017; Racoviteanu 179 et al., 2009; Shukla et al., 2020).
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Indus Basin

Stretches across 3 Countries 
(Afghanistan, Pakistan and India)



Indus Basin
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Basin wise change (1990 – 2020)

Glacier Area Glacier Number
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Area change (1990 – 2020)
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Surging and fragmenting of glaciers
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Surging and fragmenting of glaciers

2
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1

Surging glaciers

Kabul
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22
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93

Fragmented glaciers
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Basin wise change (1990 – 2020)
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Decadal change 
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Decadal Glacier change in the HKH (1990 – 2020)

Wester et al., 2019
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Comparison to other inventories

-25% in glacier area from GAMDAM 2018 

inventory 
-7% in glacier number from GAMDAM 

2018 inventory 

Similar differences in Bhambri et al., 2022 and Soheb et al., 2022
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Comparison to other inventories
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27

682 GLOFs recorded

between 1833 (with 4

historic events before that

date) and 2022 from 142

publications

Peer reviewed

Non peer 
reviewed

Book chapters

Technical reports

Others

62%

12%

11%

11%

4%

GLOF DATABASE



GLOF distribution in HMA
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https://rds.icimod.org/
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Application of the data
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Thank you

Protect the pulse.


