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Distribution of lakes in the Third Pole regions

Large inland lakes

Small glacial lakes in the Himalaya
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Galong Co



Number Area

Zhang et al., 2015, GPC

Number and area of glacial lakes increasing rapidly
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Guangxie Co

Glacial lakes are a critical source of freshwater resources.
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Himalayan glacier mass loss

Global glacier mass loss rate from 2000 to 2019 is ~267 
Gt/yr, 14 Gt/yr in Himalaya

Global glacier mass loss of 44% by 2100 under SSP5-8.5 
scenario, more than 70% in the Himalaya, with glaciers in the 
southeast largely disappearing

Past Future

However, these studies did not consider 
subaqueous mass loss.



Hidden Himalayan glacier melt

Zhang et al., Nature Geoscience, 2023 7
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Mapping of Himalayan glacial lakes from 1990 to 2020

Landsat imagery used, 702 scenes, over 120 scenes per period

All glacial lakes Proglacial lakes
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Distribution and variability of Himalayan glacial lakes

9,209 glacial lakes in 2020, 1,115 are proglacial lakes, accounting for 12% of total number and 
25% of total area, 25% increase in number and 17% increase in area in 1990-2020.



Increase in number of proglacial lakes from 651 in 1990 to 1,115 in 2020 (+71%), area from 
129.76 to 192.42 km2 (+48%).

Spatio-temporal variations of proglacial lakes
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16 glacial lakes surveyed from 2017 to 2022
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47 lakes (59 times) bathymetry measurements 16 lakes in this study



Bathymetries of 16 glacial lakes measured
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2018

Jialong Co

1987

Glacier retreat and glacial lake expansion



1987

2018

Glacier retreat and glacial lake expansion
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Galong Co

(~5.5 km2, the largest glacial lake in the Himalaya



Galong Co
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Establishment of an empirical 
formulae for lake volume-area 
of 47 (59 times) measured 
glacial lakes.

The volume of lake water 
increased from 6.1 km3 in 
2000 to 8.7 km3 in 2020, an 
increase of 42%.

Changes in proglacial lake volume
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About 2.7 Gt of subaqueous mass loss has been underestimated from 2000 to 2020, 
representing ~6.5% of total mass loss of lake-terminating glaciers.

Hidden glacier mass loss in the Himalaya
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GLOF of Poiqu No.1 in 2002

Glacial Lake Outburst Floods (GLOFs) and their damage
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GLOF of Ranzeria Co in 2013



20GLOF of Gongbatongsha Co in 2016
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GLOF of Jinweng Co in 2020
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GLOF of South Lhonak Lake in Sikkim, India on 4 October 2023
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GLOF in Thame village, Everest Region on 16 August 2024

Photo: Pasanglhamu Rural Municipality



GLOF impact and risk assessment

Allen et al., 2016, Nat Hazards
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Historical GLOFs and potential dangerous glacial lakes in China

Allen, Zhang, Tobias et al., 2019, Science Bulletin

About 60 GLOFs between 1990 and 2023

About 30 high-risk PDGL



Risk of potentially dangerous glacial lakes in the Bhutan Himalaya

The Lunana glacier complex contains 4 of the most PDGLs, where Lugge Tsho has caused a 
significant outburst flood disaster and more than 30 deaths in 1994

Rinzin, Zhang et al., JoH, 2023
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Bechung Tsho

Raphstreng Tsho

Thorthormi Tsho

Lugge Tsho
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4.3 km2

1.6 km2

Locations of 4 potentially dangerous glacial lakes
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Field photos

Thorthormi TshoRaphstreng TshoBechung Tsho
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Downstream hazard, exposure, and risk

Very high: 15.6%
High: 42.4%

2 hydropower projects, and 2,721 
buildings affecting 16,062 people

Medium: 14.5%
Low: 27.4%

Hazard zone Exposed items
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GLOF: 30 October 2023, trigger: glacier avalanche

Thorthormi Tsho

Credit: https://www.bbs.bt/news 
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Cascading hazards from two recent GLOFs

In the past decade, two lakes (Ranzeria Co in 2013 and Jiweng Co in 2020) burst 
within a single river basin in the eastern Nyainqêntanglha range.

Peng, Wang, Zhang et al., JoH, 2023
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Locations of Ranzeria Co and Jiweng Co
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Jiweng Co

Ranzeria Co



Damage from two GLOFs
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18 Nov. 2020



18 Nov. 2020

Erosion



Ranzeria Co 36



Jiweng Co 37



Changes of glacial lake area and volume

Change in lake area between1976 and 2021

96 m2/y

63 m2/y

Change in level/volume pre/post-outburst

-7.9×106 m3

-1.1×107 m3

Ranzeria Co expanded by 123% from 1976 to 2012 and contracted by 53% in 2013 due to the 
outburst. Jiweng Co grew by 54% from 1976 to 2020 and shrank by 57% after the dam breach. 
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Chain process of two GLOF events

Ranzeria Co: outburst immediately by glacier avalanche and overtopping;
Jiweng Co: outburst gradually because of dam erosion caused by successive landslides
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Reconstruction of GLOFs in the Nyalam Poiqu River basin

Wang, Zhang* et al., Geomorphology, 2024
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GLOFs of Gongbatongsha Co on 5 July 2016 and Poiqu No.1 on 23 May 2002
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Changes in area and volume before and after dam failure

Wang, Zhang* et al., Geomorphology, 2024
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Gongbatongsha Co 

19 May 2022
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19 May 2022
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Poiqu No.1

29 Sep. 2023



4529 Sep. 2023
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Flood water depth and flow velocity reconstruction

Peak discharge of Gongbatongsha Co in Zhangmu town is ~1600 m3/s, and Poiqu No.1 in 
Nyalam county is ~1000 m3/s.
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Global glacial lakes and historically recorded GLOFs

Zhang et al., NREE, 2024

The number, area and volume of glacial lakes varies considerably, with glacial lakes 
predominantly found on the margins of Greenland (31%), in the southern Andes (16%), in 
Alaska and western Canada (16%), in the eastern Canadian Arctic (15%) and in HMA (6%).

More than 3,000 GLOFs from 850 to 2022
See Himalaya from a global scale 
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Methods for quantifying glacial lake changes and impacts
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Global and regional changes in glacial lake area

Changes in the Andes, central Europe and Svalbard are relatively small, <10% per decade, 
and in Iceland, Scandinavia and the Russian Arctic are relatively large, >40% per decade.
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Triggers and mechanisms of GLOFs

Ice-dammed lakes are the dominant type of GLOF. Moraine lakes are also a major source of 
GLOFs, particularly in the Andes and the Himalaya, are usually triggered by pipe floods, buried 
ice degradation, or by ice avalanches, snow avalanches or landslides.
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Future glacial lake development
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Future glacial lake development and GLOF hazards

Projections show an overall increase in the risk of future global GLOFs, but there are regional 
differences, with a tripling of future GLOFs expected in HMA, relatively low potential future 
GLOFs in the Western European Alps, the Cordillera Blanca in Peru.



Zhang et al., 2025, BMAS

A monitoring network for mitigating Himalayan GLOFs

By integrating the hydrological and geomorphological characteristics of GLOFs, dam triggering 
mechanisms and downstream impacts, field observations, remote sensing techniques, and 
hydrodynamic modeling, this can provide support for early warning and disaster risk reduction.
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Field observations for Himalayan glacial lakes
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Field observation practices for Himalayan glacial lakes



X. Wang, G. Zhang* et al., 2026, Science Bulletin

Mitigating future glacial lake outburst floods in the Himalaya

The disaster losses in the Himalaya during 1990-2023 intensified due to increasing downstream 
exposure and vulnerability.
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Disaster risk reduction through systematic management

Implementing China's glacial lake risk management measures could reduce future flood 
intensity by 24%, with reductions of up to 29% in regions outside China.
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Challenges in predicting GLOFs and suggested pathways forward

Develop new risk assessment frameworks, establish cascade-process coupling models, 
develop an integrated space–air–ground observation network, and strengthen 
transboundary collaboration and community-based co-management mechanisms.

Zhang* et al., 2026, The Innovation



Thank you for your attention!Thank you for your attention!
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