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Glacial Lake Outburst Floods (GLOFs) are sudden releases of a large volume of water retained in glacial lakes
due to the failure of natural dams such as moraines or ice. These catastrophic events occur mainly in high-
altitude, glaciated regions and can lead to extensive damage downstream. With climate change accelerating the
pace of glacier melt, GLOFs are becoming more frequent and severe, especially in the Indian Himalayan Region.

I. Natural Causes of GLOFs

1. Landslides into Glacial Lakes

oTriggered by heavy rainfall, seismic activity or permafrost thawing, landslides can displace a large volume of lake
water.

oThe sudden water displacement causes over-topping of the moraine dam.

oExample: In the Kedarnath disaster (2013), a landslide and moraine-dammed lake breach amplified the
devastation in downstream areas.

1. Snow/Ice Avalanches

oLarge ice blocks or snow masses break off steep glacier faces and fall into glacial lakes, causing high-energy
displacement waves.

oEspecially common in late winter or early spring when snow becomes unstable.

oExample: The 2021 Chamoli disaster was linked to a massive rock and ice avalanche from the Ronti Peak region.

1. Seismic Activity

oEarthquake-prone areas in the Himalayas (Zones IV and V) are highly susceptible to tremors.

oEarthquakes can fracture moraine dams or trigger slope collapses into lakes.

oExample: The 2015 Gorkha earthquake in Nepal destabilized multiple glacial lakes, increasing the risk of GLOFs
in bordering Indian regions.

1. Spontaneous Moraine Dam Collapse

oMoraines are unconsolidated sediments prone to internal erosion due to seepage (piping), slope failure, or animal
burrowing.

oWeak moraines can collapse even without external triggers, releasing stored water.

1. Glacial Calving
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oLarge sections of a glacier may break off and fall into lakes, causing surge waves.

oAccelerated glacial retreat increases calving events, especially in proglacial lakes.

oExample: Imja Lake in Nepal has seen increased calving activity due to glacial thinning.

II. Climatic Causes of GLOFs

1. Global Warming and Glacier Retreat

oRising global temperatures cause glaciers to retreat, leaving depressions that fill with meltwater.

oThese lakes grow larger and more unstable, increasing the risk of breaches.

oExample: The South Lhonak glacier in Sikkim has retreated rapidly in the past three decades, resulting in the
expansion of a hazardous glacial lake.

1. Extreme Precipitation Events

oClimate change has intensified cloudbursts and short-duration high-intensity rainfalls in the IHR.

oThese events rapidly raise water levels in glacial lakes, stressing moraine walls.

oExample: The 2023 Sikkim GLOF was preceded by unusually intense rainfall.

1. Rapid Snowmelt Events

oSudden temperature rises during spring can cause synchronized melting of snowpacks.

oThe resulting inflow into glacial lakes leads to breaching pressure.

1. Changing Freeze-Thaw Cycles

oAs winters become shorter and temperature variability increases, repeated freeze-thaw cycles expand cracks in
dam structures.

oThis weakens their integrity, increasing the risk of failure.

III. Anthropogenic Causes of GLOFs

1. Climate Change Due to GHG Emissions

oHuman-induced climate change from CO?, CH? and industrial emissions accelerates glacier mass loss.

oFor instance: South Asia is one of the fastest-warming regions due to regional climate dynamics and pollution.

1. Unregulated Development and Tourism

oInfrastructure projects near glaciers (e.g., roads, resorts) cause vibrations, ecological disturbances, and waste
accumulation.

oExample: Unregulated trekking and waste near Roopkund and Gangotri glacier zones have affected the
surrounding ecology.

1. Hydropower and Dam Construction
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oConstruction activities involve rock blasting and heavy machinery, causing ground instability.

oProjects are often sited downstream of glacial lakes without adequate GLOF risk assessment.

oExample: Tapovan-Vishnugad project was severely damaged during the 2021 Chamoli flash flood.

1. Deforestation and Land-Use Change

oVegetation stabilizes slopes and regulates runoff; deforestation disrupts these functions. Increased sedimentation
from deforested slopes fills glacial lakes, reducing their capacity.

1. Poor Hazard Zonation and Planning

oLack of scientific hazard mapping means settlements and infrastructure are built in vulnerable flood paths.

oExample: The North Sikkim region lacks adequate hazard mapping and emergency infrastructure.

1. Mining and Quarrying in High Altitudes destabilize slopes and create pathways for water seepage. And
heavy vehicle movement and blasting generate vibrations that can trigger landslides.

IV. Expanded Case Studies from Himalayas and Neighbouring Regions

Chamoli, Uttarakhand (2021): Massive ice-rock avalanche led to flash floods damaging hydropower plants
and killing over 200. Highlighted the lack of early warning systems.
South Lhonak Lake, Sikkim (2023): Intense rainfall triggered a GLOF event, damaging bridges and roads
along the Teesta River. Remote sensing had previously flagged the lake as dangerous.
Bhote Koshi River, Nepal (2024): Breach of a supra-glacial lake flooded hydropower stations, India’s
downstream Bihar region was put on alert.
Chorabari Lake, Kedarnath (2013): Likely breached due to heavy rainfall and landslide, initiating a
devastating flood.

V. India’s Specific Vulnerability Factors

1High Density of Glacial Lakes

oStudies by ISRO and NRSC have mapped over 2,000 glacial lakes. Out of these, 190 are classified as potentially
dangerous.

oCritical lakes: Shyok and Nubra (Ladakh), Tso Moriri (J&K), South Lhonak (Sikkim).

2Accelerated Glacial Melt

oWadia Institute’s long-term studies show glaciers in Zanskar and Garhwal are retreating by 10–35 meters
annually. these contributes to larger, expanding moraine-dammed lakes.

3Exposure of Downstream Population

oMany towns and villages like Joshimath, Gangtok and Tawang lie directly in GLOF-prone river valleys.

oInfrastructure like roads, bridges, dams and power plants increase economic stakes.

4Seismic and Climatic Sensitivity

oThe IHR lies in earthquake-prone zones and is subject to extreme monsoon variability.
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oGLOFs are often part of cascading disasters: landslide ? lake breach ? flood ? dam damage.

Impact of Glacial Lake Outburst Floods

1. Human Loss and Displacement

GLOFs result in sudden flooding, giving little to no time for evacuation.
Local communities, especially those in river valleys, are highly vulnerable.

Example: The 2021 Chamoli disaster in Uttarakhand, suspected to be caused by a glacier-related flood, killed over
80 people and left many missing. Workers at hydropower plants were swept away.

2. Destruction of Infrastructure

Roads, bridges, homes, hydropower plants, and communication networks are damaged or destroyed. Makes
access to remote and border areas more difficult, especially in emergency situations.

Example: In the 2013 Kedarnath floods, critical infrastructure including roads and bridges was washed away,
isolating the area for weeks.

3. Disruption of Hydropower Generation

Many hydropower projects in the Himalayas are located downstream of glacial lakes. GLOFs damage
turbines, intake tunnels, and dam structures, halting power production.

Example: In the 2021 Chamoli flood, the Tapovan-Vishnugad and Rishi Ganga hydropower projects were severely
damaged, leading to power shortages and economic losses.

4. Economic Losses

Massive financial costs for rescue, relief, and rehabilitation operations.
Agriculture, tourism, and trade in the affected regions are disrupted.

Example: The Kedarnath floods led to an estimated economic loss of over ?4,000 crore, and a significant drop in
Char Dham pilgrimage tourism for the next two years.

5. Environmental Degradation:

GLOFs erode landscapes, uproot forests, and change the course of rivers.
Sediment and debris degrade water quality and impact aquatic ecosystems.

Example: Post-2013 floods in Uttarakhand, the Mandakini river carried heavy sediment load, damaging farmlands
and river ecosystems.

6. Strategic and Border Security Risks:

Many strategic roads and military outposts are located in glacial regions of Ladakh, Sikkim, and Arunachal
Pradesh.
Damage to such infrastructure can hamper national security operations and troop movement.

Example: Glacial lakes near Tso Moriri and Pangong Tso pose a threat to road infrastructure critical to border
defense.

7. Transboundary Hazards:
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GLOFs can cross borders, affecting downstream populations in other countries.
Rivers like the Teesta and Brahmaputra have sources in glacial regions of Tibet and Nepal, making India
vulnerable to upstream GLOF events.

Example: In July 2025, a GLOF event in Tibet caused flooding in the Bhote Koshi River in Nepal, which posed a
risk to Sikkim and North Bengal in India.

The mitigation and preparedness strategies

1. Policy and Institutional Framework

NDMA Guidelines (2019): Provide a comprehensive framework for assessing, monitoring, and mitigating
GLOF risks.
State Disaster Management Authorities (SDMAs): Directed to integrate GLOF-specific action plans into
their disaster management strategies.
Inclusion in Climate Action Plans: State-level SAPCCs (State Action Plans on Climate Change)
increasingly incorporate GLOF risk assessment, especially in Uttarakhand, Sikkim, and Himachal Pradesh.

2. Early Warning Systems (EWS)

Real-time Monitoring: Installation of lake-level sensors, automatic weather stations, and telemetry systems
in glacial regions.
Alarm Mechanisms: Use of sirens, satellite-based communication, and mobile alerts to warn downstream
communities.
Examples:
Sikkim: EWS installed at South Lhonak Lake.
Uttarakhand: Doppler radars and flood forecasting systems deployed post-Chamoli disaster (2021).

3. Structural and Engineering Interventions

Lake Volume Reduction: Controlled breaching, siphoning, and drainage of glacial lakes (e.g., South Lhonak
Lake).
Downstream Reinforcement
Strengthening of dams, river embankments, and bridges.
Flood buffer zones around vulnerable settlements.
Example: Diversion channels and sluicing mechanisms tested in Ladakh to manage overflow risk from
glacial lakes.

4. Technological and Scientific Collaboration

ISRO–NDMA Partnership
Use of satellite imagery, Synthetic Aperture Radar (SAR), and drones for lake mapping and deformation
detection.
Monitoring of 56 high-risk lakes using AI/ML-based predictive models.
Data Platforms: Bhuvan (ISRO) and National Database for Emergency Management (NDEM) facilitate
GLOF risk mapping and data dissemination.

5. Community and Capacity Building Measures

Disaster Preparedness Training: Regular mock drills and capacity-building programs conducted by NDRF
and SDRFs.
Village-Level Planning:
Formation of local disaster management committees.
Distribution of GLOF preparedness kits, community shelters, and flood action manuals in local languages.
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Resilient Livelihoods: Promotion of climate-resilient agriculture and eco-tourism to reduce pressure on
fragile ecosystems.

6. Regional and International Cooperation

International Centre for Integrated Mountain Development (ICIMOD) Collaboration:
Joint risk assessment and modeling with Nepal, Bhutan and China for transboundary glacial lakes.
Shared satellite data, hydrological modelling and emergency communication protocols.
SAARC Disaster Management Centre (SDMC): Facilitates multilateral training and knowledge exchange
on GLOF risk management.

7. Legal and Environmental Safeguards

oEnvironmental Impact Assessments (EIA): Mandated for hydropower and infrastructure projects in glaciated
zones with GLOF risk parameters.

oEco-sensitive Zone (ESZ) Notifications: Restricting mining, construction, and deforestation near glacial lakes
and headwater regions.

Glacial Lake Outburst Floods (GLOFs) are becoming more frequent due to climate change and human activities in
the Himalayas. These sudden floods can cause major destruction to life, infrastructure, and the environment. India
needs a strong mix of technology, early warning systems, community awareness, and careful planning to reduce the
risk. With timely action and coordination, we can save lives and build resilience against future GLOF events.
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