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A Glacial Lake Outburst Flood (GLOF) occurs when
a dam containing a glacial lake fails, releasing a
large volume of water downstream. This sudden
release can cause catastrophic flooding in the
downstream areas, leading to loss of life,
destruction of infrastructure, and changes in
landscape.

Key Components of a GLOF:
• Glacial Lake--Formed by meltwater from glaciers.
• Can be dammed by ice, moraine (accumulation of debris), or bedrock.
• Dam Failure-The collapse of the natural dam holding the water leads to a sudden

outflow of water

Glacial Lake Outburst Floods (GLOFs)

Singtam town

 Heavy Rainfall
 Landslides
 Glacier Melting
 Earthquakes
 Avalanches
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• June 11, 2000 – Siang river (4 districts ArP) – 26 dead, 3 bridges – LLOF

• August 1, 2000 – Sutlej river (3 districts HP) – 100 dead, 120 km road and 98 bridges –

LLOF

• June 26, 2005 – Pareechu river (HP) – 30 bridges and road – LLOF in 2004 – repeat in

2020

• June 17, 2013 – Chorabari Lake, Kedarnath (4 ha size, 15 m deep, 3800 m – not high risk)

– 315 mm rain in 24 hrs and an avalanche

• February 7, 2021 – Nanda Devi glacier broke off (Dhauliganga, Alaknanda)

• October 3, 2023 – South Lhonak Lake GLOF

South Lhonak
Recent GLOF/LLOF
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Consequences of GLOF

 Loss of Life
 Infrastructure Damage
 Economic Disruption
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Environmental Consequences:  
Erosion, Sedimentation, and Ecosystem Disruption

Riverbed Erosion

The powerful floodwaters can scour and erode riverbeds, changing the landscape and
habitats.

Sedimentation

The flood waters carry massive amounts of debris and sediment, which can bury and
downstream ecosystems.

Ecosystem Disruption

The physical and chemical changes to the environment can devastate local flora and fauna,
disrupting food chains.



Raising of the river bed
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Raising of the river bed in downstream areasAffected everyone



Development of Glacial Lake (Ghephang Gath GL, LS,HP)

Long-term changes in Ghepang Ghat Glacial Lake water spread area
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THE DEEPEST KNOWN GLACIAL LAKE IN THE 
HIMALAYA
THE LOWER BARUN LAKE, NEPAL HIMALAYA
MAXIMUM DEPTH =205 m
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Kazakhastan

Each year, preventive measures 
are promptly carried out to 
reduce breakthrough risks at 15-
18 moraine lakes. These include:
• expanding and deepening flow 

channels, 
• installing and activating siphons 

with diameters from 200 to 300 
mm, and 

• pumping water from lakes using 
high-capacity motor pumps. 



Bhutan - EWS

Luanan Area

Punakha-Wangdi
Valley
4 Water / Weather Stations
15 Sirens Stations

6 Water Stations
3 Sirens

Thorthormi lake – level reduced by 46 cm (volume by 2 mcm)
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Lake lowering efforts in Himalaya
https://www.downtoearth.org.in/news/energy/nepal-s-first-hydropower-from-a-glacial-lake-80250

powerhouse that generates 100kW of electricity, providing 24 hours of 
electricity to 120 households and tourist lodges in Kyanjin and Langtang.

2015

Langtang Microhydro Electricity Project

Lake lowering efforts in Himalaya



GLOFs in High Mountain Asia



High Risk Glacial Lakes in Indian Himalayan Region



NRSC GLOF Atlas for Entire IHR Basin-wise



NDMA 2020 Guidelines: Pillars

• Standardized identification &
mapping of dangerous lakes

• Early Warning Systems (risk
knowledge, monitoring,
dissemination, response)

• Structural & non-structural
mitigation; mainstreaming into
development

• Capacity-building of institutions;
community preparedness & drills



GLOF Risk since October 2023 

1. South Lhonak
2. CoDRR – coordination, consistency, communication
3. Clarity on role
4. Clarity on objective – mitigation
5. Plan for scale



Prioritization by NDMA 

• Lakes mentioned by one or more agencies in Category ‘High Risk’, it is
classified as ‘NDMA-Category A’.

• Lakes mentioned by one or more agencies in Category- ‘medium risk’ -
classified as ‘NDMA-Category B’. and similarly, for ‘NDMA-Category C’

• Lakes without mention of risk category have been categorized as
‘Unclassified’.

All these are:
• Within Indian Territory
• Either larger than 50 Ha
• Or expanded >20% during 2019-21 



GLOF Risk Profiling - Criteria by CWC Committee  



CoDRR – Interaction with States
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Mitigation Measures:

AWS at South Lhonak

AWS at Shako Cho Early Warning System:



Multi-disciplinary Equipment's/Surveys for Monitoring

Electrical Resistivity Tomography           Bathymetric Investigation                Hydrological study of discharge

Geological Study Topographical Survey                      Susceptibility Assessment



Mitigation Measures
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15th Finance Commission Allocations (FY22-26)

$30 bn = Rs.2.28 lakh crore

• Preparedness and capacity-building (10%)

• Mitigation (20%) 

• Response and Relief (40%)

• Recovery and Reconstruction (30%)

Pre-Disaster

Post-Disaster

Disaster



The National Glacial Lake Outburst Floods (GLOF) Risk Mitigation Programme
(NGRMP) Phase One is a response to the growing risk of GLOFs in the Himalayas due to
climate change. With glacial lakes forming and potentially bursting due to heavy rain, the
program aims to create a glacial lake inventory, establish an early warning system,
implement mitigation measures like dam reinforcement, and educate local communities for
better disaster preparedness. Funded with ₹150 crore, this initiative is a critical first step to
managing GLOF threats in the Himalayan region.

National GLOF Risk Mitigation Programme (NGRMP)

NGRMP



• In Summer 2024:
• Expedition in 35 Glacial lake by 

the six administrative units of 
India

• Surveys: Drone Survey, 
Bathymetry survey, ERT and 
general Reiki

Mitigation Measures: 
• Structural & Non-Structural
• Full Scale Early Warning System 

for a High-Risk Glacial Lakes
• CBT and Awareness Programme 

for Local Communities



Tenchungkha Lake 
Sikkim



Two-day international workshop titled "Strategies for GLOF Risk 
Reduction" 11th and 12th November 2024 at India Habitat Centre, 

New Delhi



NDMA has taken significant initiatives for Glacial Lake Outburst Flood (GLOF) risk
management in the Himalayan region. The South Lhonak GLOF event in Sikkim
(2023) highlighted the urgent need for proactive measures. Key highlights include:
•Prioritization of 141 High Risk glacial lakes based on risk profiling and categorization
of high-risk lakes.
•Development of comprehensive NDMA Guidelines (2020) for GLOF management
covering preparedness, mitigation, and response.
•Installation of early warning systems (AWS & cameras) at South Lhonak and Shako
Cho lakes for real-time monitoring.
•Launch of the National GLOF Risk Mitigation Programme (NGRMP) with a ₹150
crore budget for hazard assessment, monitoring, mitigation, and community
awareness.
•Regular expeditions, surveys, capacity-building programs, and community
awareness drives in vulnerable Himalayan regions.

Summary:-
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THANK YOU
Thank You


