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Western Himalayas as a Cryospheric System Modeling Hazards and Mitigation Efforts

e Western Himalayas (Ladakh + Chenab Basin) lie within the
Hindu Kush Himalayan (HKH) region, known as the “Third Pole”
(UNDP).

e Ladakh and Chenab are highly glaciated regions with elevations
ranging from 2,500-7000 m above sea level, creating steep,
dynamic catchments prone to hydrological change.

e Glacier retreat, exacerbated by anthropogenic warming, leads
to moraine-dam instability, formation of new proglacial lakes,
and increased GLOF risk.

e Across South Asia, 240 million mountain residents, 1.9 billion
downstream users rely on the Indus, Shyok rivers, and the
Chenab River System.

e Breach Scenarios are simulated using 2D hydrodynamic modeling using
Breach depths and width parameters, lake volume, and Downstream DEM
profiles

e Several of the Chenab Basin’s 562 glacial lakes were identified as having
high densities in the Western Himalayas

e Panikhar Glacial Lake expanded 50-60% between 2000 and 2022,
increasing hydrostatic pressure on its moraine dam.

e Chenab basin is producing hydropower in India and Pakistan, meaning
GLOFs could cause large-scale disruptions in energy loss.
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lake suddenly drains due to failure of moraine dams from rapid
runoff.

e GLOFs can produce high-velocity floods (>10 m/s) capable of
damaging village infrastructure by washing out roads, breaching
irrigation canals, and isolating villages temporarily

e High mountain villages like Panikkar and Pranit are especially
vulnerable, being located in inundation zones.
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Community and Vulnerability &

Hydro-social systems:

e Water in Ladakh functions as a hydro-social system.

« Communities rely on locally observed signals- snowfall,
temperature conditions, and meltwater timing are used to
anticipate seasonal risk.

e Preparedness and Response Networks: IDSA (2023) found
that during heavy rain and cloudburst events, the first
organized responses to hazards are organized by local
administrative representatives and community volunteers.

e Traditional water-sharing regimes are dependent on the
timing of meltwater arriving 2-3 weeks earlier than it did in
the 1980s (UNDAP 2021).

Governance and Transboundary
Implications

e HKH river system (Indus and Chenab ) crosses national
boundaries, linking millions in Ladakh to Pakistan and
India

e Governance challenges include: Fragmented systemes,
early-warning

e Infrastructure gaps in remote villages

Conclusion

Worsening cryospheric instability in the western Himalayas,
exacerbated by anthropogenic climate change, is reshaping
landscape processes and human systems that depend on meltwater.
Modeled evidence from Ladakh and the Chenab Basin demonstrates
that the expansion of proglacial lakes poses outburst flood risk to
downstream communities. Because HKH-fed rivers serve nearly two
million people, affecting water supply and agriculture, proglacial
lake monitoring and community adaptation are crucial not only for
sharing water across Asia but also for enhancing community
adaptation and resilience.

e 562 glacial Lakes, including “high susceptibility” ones located in
the Chenab basin

 Moraine-dam stability is reduced as permafrost thaws, internal
ice cores melt, and hydrostatic pressure increases.
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Background:

Climate change is the long term effect
on the planet caused by greenhouse gases.
The biggest factor of greenhouse gases is
carbon, which is emitted from the burning of
fossil fuels, as well as other human activity.
Due to climate change, the glaciers are
melting much faster than before, ruining the
water cycle already in place.

Study Area:

The European Alps are a mountain
range that span across 8 countries, those
being Austria, Italy, France, Switzerland,
Germany, Slovenia, Liechtenstein, and
Monaco. Switzerland is known as the “water
tower of Europe” because the Swiss Alps are
home to the biggest glaciers in the Alps, those
of which supply water to some of the largest
rivers in central Europe.
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Switzerland’s predicted emissions by 2050 when the net-zero is fully in place.
[Figure 19: Emissions development in the transport sector by 2050 (in million
tonnes of CO2eq) according to EP2050+. Source: Prognos/TEP
Energy/Infras/Ecoplan 2020, unpublished detailed data.]

Results:

In 2012, researchers have found that,
within the previous decade, there has been an
increase in natural hazards. These include
flooding and rock face instability. During the
dye tracer test they have also found that water
is running through the karstic system, which
is an underground water system. Because of
this, climate models are inaccurate as they
don’t take into account the water going into
the Rhone valley, only the water in the Rhine,
which is visible. Because of the underground
water, the flow of water is changing.

Switzerland has already planned to
reach net-zero emissions by 2050. Net-zero
emissions is when the amount of emissions
that is being released is balanced with the
amount that can be removed. To reach
net-zero, they plan to cut back on emitting
any greenhouse gases that can’t be absorbed
naturally or by any technical means.

Discussion:

Switzerland already has a plan to reach
net-zero greenhouse emissions by 2050. Their
plans started in 2019, planning to not emit any
greenhouse gases that can’t be absorbed
naturally or by any technical means (Swiss
Federal Authorities, 2021). They plan to reduce
greenhouse gas emissions by changing their
transportation, building, and industry. When it
comes to transportation, they plan to innovate
new low-emissions technologies. By achieving
these technologies, it will not only help reduce
the emissions, but also the export industry.
While the glaciers will not get back their mass,
it will significantly slow down the melting.
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Lake Palcacocha -- Cordillera Blanca range =
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1. Background / Location

- Cordillera Blanca =
most glacier-dense
tropical mountain
range.

- Glaciers act as natural
water storage, releasing
meltwaterin dry
months.

- Huaraz depends on
glacier melt for drinking
water, agriculture, and
hydropower.

2. Adaptation /

Solutions

- Storage
expansion:
reservoirs +
groundwater
recharge.

-  Upstream
ecosystem
restoration.

community

Monitoring + early
warning systems;

involvement.
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3. Problem Statement

-  Climate warming -
rapid glacier loss.

- Less meltwater during
dry season — water
shortages + unreliable
access.

- Howdoes glacier
retreat threaten urban
water security?
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Glacier Retreat and Water Security in Huaraz, Peru — Cordillera Blanca

Alexia McGowan

4. Impacts on Water

Security

- Less glaciermelt=
reduced water during
dry months.

- Urban infrastructure
struggles to keep up
with pop. growth.

5. Human & Social

Dimensions

- Unequal access:
informal settlements
affected first.

- Growing urban pop.
increases demand.

- Limited funding and
governance challenges
slow response.
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6. Conclusion

Glacier retreat threatens long-term water security.
Adaptation requires a mix of infrastructure +
ecosystem restoration + community planning.
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