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Climate change is reshaping Nepal’s glaciers, snow, springs,
river timing, landslide risk, hydropower, farming and urban

water systems from the high Himalaya to downstream cities.
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In Nepal, climate change is often pictured as a retreating glacier.
The image is accurate, but incomplete. Warming in the Himalaya
also changes snowfall, thaws frozen ground, alters the timing of
river flow, expands some glacial lakes and intensifies the
uncertainty faced by farmers, hydropower operators and

communities living below steep slopes.

The country’s mountains and rivers form one connected system.
What happens above 5,000 metres can influence a bridge,
irrigation canal or drinking-water source far downstream.
Understanding that chain is essential because Nepal cannot treat

climate change as a remote environmental problem. It is already a
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question of infrastructure, food, energy, safety and public finance.

Climate change framework showing glaciers, river systems, exposed infrastrt

Guide illustration: Nepal Digest.
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Climate change: The evidence from the ice

Two major assessments announced by ICIMOD in March 2026
found that glacier loss across the Hindu Kush Himalaya has
accelerated markedly. A regional analysis of 1990-2020 reported a
12 percent reduction in glacier area, with strong variation
between subregions. A companion outlook drawing on five
decades of field observation found that ice-loss rates have doubled
since 2000 and that the large majority of observed years showed

negative glacier mass balance.

These are regional findings, not a claim that every glacier in Nepal
behaves identically. Elevation, slope, debris cover, precipitation
and local climate all matter. But the direction is clear: the high
mountain cryosphere—the system of glaciers, snow, ice and frozen

ground—is losing stability under sustained warming.

Less ice does not simply mean less water
tomorrow

The relationship between glaciers and rivers is more complicated
than a slowly emptying reservoir. As ice melts faster, some
catchments may initially receive more meltwater. Eventually, as
glacier volume shrinks, that contribution declines. Scientists
sometimes describe this turning point as “peak water.” Different

basins reach it at different times.
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Nepal’'s major rivers are also strongly influenced by the summer
monsoon. In central and eastern Himalayan basins, rainfall
supplies a large share of annual flow, while snow and ice are
especially important for seasonal timing and for water during dry
periods. Climate change can therefore produce two apparently
opposite problems: destructive water arriving at once, and

insufficient water when communities need it most.

Snowfall and timing matter

Glaciers receive more attention, but seasonal snow is equally
important. Snow stores winter precipitation and releases it
gradually as temperatures rise. Warmer winters can change snow
to rain, move the snowline higher and cause earlier melt. A river
may still carry a similar annual volume while delivering it at a

different time.

That shift affects irrigation, spring recharge and ecosystems
adapted to seasonal cycles. A farmer planning a crop around
familiar streamflow may face shortage even when total rainfall
statistics appear normal. Water management must increasingly

account for timing, not just annual averages.

Glacial lakes and cascading hazards

Retreating glaciers can leave depressions where meltwater

collects. Some glacial lakes are held back by loose moraine, ice or
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unstable slopes. If a natural dam fails, a glacial lake outburst flood
can send water and debris down a valley with little warning.
Earthquakes, avalanches, rockfall and intense rain can interact

with these lakes, creating compound risks.

The danger does not end when the first surge passes. A flood can
erode riverbanks, destroy trails and roads, damage hydropower
plants and deposit sediment far downstream. One event may
isolate communities and disrupt trade or tourism for months.
Monitoring the lake alone is not enough; authorities need valley-
scale hazard maps, communication systems and evacuation plans

understood by residents.

Thawing ground destabilises slopes

Permafrost is ground that remains frozen for long periods. At high
elevations it can help bind fractured rock. Warming and thaw can
reduce that stability, increasing the likelihood of rockfall and slope
failure in some locations. Combined with intense rainfall, road
cutting and seismic activity, this creates a difficult risk

environment.

Nepal’s expanding road and hydropower networks must be
designed for conditions that are changing. Historical averages are
no longer enough. A bridge built only for yesterday’s flood pattern
or a road aligned without future slope risk may become an

expensive failure.
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Hydropower faces both opportunity and
exposure

Rivers are central to Nepal’s electricity ambitions. Hydropower
can support low-carbon development and regional energy trade,
but plants depend on reliable flow and resilient infrastructure.
Changing runoff, sediment loads, extreme floods and landslides
can reduce generation or damage intakes, tunnels and

transmission corridors.

Climate-resilient hydropower begins before construction. It
requires basin-level planning, conservative hazard assessment,
sediment management and coordination between projects on the
same river. Diversifying renewable energy with solar and storage

can also reduce dependence on a single seasonal pattern.

The consequences reach farms and cities

Mountain springs supply drinking water and irrigation to
thousands of settlements. Their behaviour depends on geology,
land cover, rainfall and subsurface recharge, so not every drying
spring has the same cause. Climate variability adds pressure to
systems already affected by road construction, land-use change

and population shifts.

Downstream, cities face a different version of the problem. Intense

rainfall can overwhelm drainage and pollute water sources, while
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long dry periods strain supply. Agriculture must cope with
uncertain planting seasons, heat stress, new pest patterns and
flood damage. The greatest burden often falls on households with

the least capacity to relocate, insure crops or rebuild.

River basins connect risks that look
separate

A flood in a high mountain valley, reduced dry-season flow near a
hydropower intake and irrigation stress farther downstream may
appear to be separate problems. In reality, they can belong to the
same river system. Water moves through elevation zones,
settlements and infrastructure, carrying both benefits and

hazards.

This is why basin-level planning matters. Decisions about
reservoirs, extraction, riverbank construction or hydropower
upstream can alter conditions elsewhere. Climate change
increases the need for institutions to look beyond administrative
boundaries because rivers do not stop at district or municipal

borders.

Peak water will not arrive everywhere at
once

The idea of “peak water” can be misunderstood as one date when

Nepal’s glaciers suddenly begin producing less meltwater. Each

9/24



basin has different glacier coverage, altitude, snowfall and
rainfall. Some catchments may see higher melt contribution for a
period before declining, while others depend so strongly on
monsoon rainfall that glacier change affects timing more than

total annual volume.

Planning therefore requires basin-specific evidence rather than
one national assumption. Hydropower operators, irrigation
planners and drinking-water systems need to know which source

matters in their particular catchment and in which season.

Dry-season water may become the harder
problem

Monsoon flooding attracts attention because damage is
immediate. Dry-season shortages can accumulate more quietly.
When snow melts earlier or springs recharge differently,
communities may face less dependable water precisely when

rainfall is low.

This matters for hill settlements where small springs support
households, livestock and irrigation. A spring does not need to
disappear completely to create a crisis; declining flow can be
enough to increase collection time, reduce cropping options or

push families toward migration.
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Springs are not simple climate indicators

Drying springs are often attributed directly to climate change, but
the cause can involve geology, road cutting, land-use change,
groundwater recharge and local construction as well as rainfall
and temperature. Assuming one cause can lead to the wrong

intervention.

Spring restoration therefore benefits from hydrogeological
investigation, local observation and watershed management
together. Communities often know when a source began changing;

scientists can help identify why.

Glacial lake risk requires more than
counting lakes

Not every glacial lake is equally dangerous. Risk depends on lake
volume, dam stability, surrounding slopes, downstream exposure
and the possibility of ice or rock entering the lake suddenly. A
growing lake high in an uninhabited basin may present less
immediate human risk than a smaller unstable lake above

settlements and infrastructure.

Monitoring should therefore prioritise hazard and exposure
together. Satellite imagery can show changing lake area, while
field measurements and downstream mapping reveal how an

outburst might travel through the valley.

11/24



Early-warning systems need a last-mile
plan

Sensors and alarms are useful only if warnings reach people with
enough time to act. Mountain valleys can have weak mobile
coverage, several languages and settlements separated by long
walking distances. An early-warning system designed only around

a control room is incomplete.

Communities need simple messages, known evacuation routes and
repeated drills. Schools, health posts and local leaders can
become part of the warning network because they are already

trusted institutions.

Evacuation routes need maintenance

A marked path is not enough if a landslide, locked gate or new
building blocks it during an emergency. Local governments and
communities need to inspect evacuation routes, keep gathering

points usable and update plans as settlements grow.

This is one example of adaptation that requires recurring
maintenance rather than a single infrastructure project. The cost
is modest compared with the value of a warning people can

actually act on.
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Sediment may become as important as
water volume

Himalayan rivers naturally carry enormous sediment loads.
Intense rainfall, landslides and glacial processes can increase
sediment pulses that damage turbines, block channels and reduce
reservoir capacity. Hydropower projects therefore face not only
the question of how much water arrives, but what the water

carries with it.

Better sediment monitoring, bypass systems and maintenance
planning can reduce losses. Climate-resilient hydropower needs
engineering that treats sediment as a core design problem rather

than an occasional operational inconvenience.

Transmission lines face climate exposure
too

Electricity infrastructure does not end at the powerhouse.
Transmission lines cross rivers, landslide-prone slopes and
difficult terrain. Extreme weather can damage towers, access
tracks and substations even when generation facilities remain

intact.

Energy resilience therefore requires network redundancy and
faster repair capacity. A country with more hydropower still

experiences shortages if electricity cannot move safely from where
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it is generated to where it is needed.

Diversification can reduce seasonal risk

Solar generation can complement hydropower because its
production pattern differs from river flow. Storage, demand
management and regional electricity trade can add further
flexibility. The goal is not to replace Nepal’'s hydropower
advantage, but to reduce the economic consequences of

depending too heavily on one seasonal resource pattern.

A more diverse power system is also useful during disasters when

one corridor or generation cluster is damaged.

Road engineering and climate change:
anticipate rainfall extremes

Nepal's road expansion has connected communities and markets
while cutting thousands of slopes. Poor drainage and unstable
excavation can increase landslide risk even without climate

change. More intense rainfall magnifies those weaknesses.

Climate-resilient roads require drainage, slope stabilisation,
maintenance and realistic design standards. Building the cheapest
road quickly can create a much larger repair bill when the first

extreme monsoon arrives.
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Maintenance is a climate change policy

New infrastructure attracts political and public attention;
maintenance is less visible. Yet blocked culverts, damaged
retaining walls and neglected river training can turn moderate

weather into serious disruption.

Adaptation therefore includes budgeting for inspection and
routine repair. Resilience is often created through ordinary

maintenance long before an emergency occurs.

Mountain agriculture is sensitive to
timing

Farmers make decisions around rainfall, temperature and water
availability: when to plant, which crop to choose and whether

livestock can remain in a particular pasture. Climate change

disrupts these calendars gradually and sometimes suddenly.

Weather information becomes more useful when it is local enough
to inform a farmer’s actual decision. A national seasonal forecast
may indicate broad tendencies while a village still needs practical

guidance about planting windows and water availability.
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Crop diversity can become risk
management

Households depending heavily on one crop are exposed when
heat, pests or rainfall affect that crop badly. Maintaining diverse
crops and varieties can spread risk across different growing

conditions.

This is not a simple return to “traditional farming.” Farmers need
access to improved varieties, markets, storage and extension

services alongside local knowledge.

Livestock systems face heat and water
stress

Climate discussions often focus on crops while livestock remain
central to many mountain and hill livelihoods. Heat affects animal
health and productivity, while changing pasture and water

availability can alter seasonal movement.

Veterinary services and fodder planning therefore belong inside
adaptation strategies, particularly in areas where livestock income

supports household resilience during poor crop years.
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Urban water systems depend on distant
catchments

Kathmandu and other growing cities consume water collected far

beyond the urban core. Climate change can affect source
reliability while population growth increases demand, creating

pressure from both sides.

Leak reduction, storage, watershed protection and demand
management become as important as finding new sources. Cities
cannot solve water insecurity only by reaching farther into

surrounding landscapes.

Flooding in cities is partly an urban-
design problem

Extreme rainfall becomes more damaging when rivers are
constrained, drainage is blocked and permeable ground is
replaced by concrete. Climate change increases the intensity of
the challenge, but urban design determines how much rain

becomes disaster.

Protecting floodplains, improving drainage and limiting unsafe
construction are adaptation measures even when they are
implemented through ordinary municipal planning rather than

climate programmes.
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Forests help, but they are not magic
shields

Healthy forests can reduce erosion, improve infiltration and
stabilise some slopes. They cannot prevent every landslide or
absorb extreme floods indefinitely. Overstating their protective

power can create false confidence.

Watershed management works best when combined with
engineering, land-use planning and hazard monitoring. Nature-

based solutions are strongest as part of a wider system.

Wetlands store more than biodiversity

Wetlands and floodplains can store water, slow runoff and support
groundwater recharge. When filled or built over, communities lose
those functions and may experience greater flood peaks

elsewhere.

Conservation therefore has an infrastructure dimension.
Protecting natural water-storage areas can be cheaper than

replacing every lost function with concrete drainage later.

Tourism is exposed to changing mountain
conditions

Trekking and mountaineering depend on trails, bridges, water,

snow conditions and predictable access. Changing hazards can
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shift the safest season or require route modifications. A damaged
trail can affect lodges and guides far from the original landslide or

flood.

Tourism adaptation includes better route information, emergency
communication and infrastructure designed for changing
conditions. Visitors also need honest guidance rather than

assurances based on historical patterns alone.

Mountaineers are becoming observers of
change

Guides and climbers who return to the same routes over many
years can notice changes in ice, snow and rock exposure that
short-term visitors cannot. Their observations are not substitutes
for scientific measurement, but they can help identify where

monitoring should focus.

Combining local and professional mountain knowledge with formal

research produces a richer picture of change.

Climate information needs to reach
municipalities

National research has limited value if local engineers and planners
cannot use it. Municipalities make decisions about roads, water
systems, settlements and emergency planning, often with small

technical teams.
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Climate services therefore need practical formats: maps,
thresholds, design guidance and accessible data rather than only

academic reports.

Local government capacity is part of
climate change adaptation

A municipality may receive funding for resilient infrastructure and
still struggle if procurement, engineering or maintenance capacity
is weak. Climate finance cannot compensate automatically for

institutional gaps.

Training local technical staff and creating support systems around
them may produce longer-lasting benefits than isolated

demonstration projects.

Research needs long time series

Climate change is detected through patterns across years and
decades. Short projects can answer useful questions but may not
reveal how glaciers, rivers or springs are changing over the long

term.

Nepal therefore needs monitoring institutions capable of keeping
instruments working, preserving data and maintaining methods

beyond one donor or research cycle.
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Open data can improve planning

River, rainfall and glacier observations become more valuable
when researchers, local governments and infrastructure planners
can access them in usable formats. Data sharing reduces

duplicated effort and allows independent analysis.

Some sensitive or safety-critical information may require controls,
but the default goal should be to make publicly funded

environmental data as useful as possible.

Transboundary rivers require cooperation

Nepal’'s major rivers cross national borders, and weather systems
do not respect political boundaries. Upstream data, downstream
flood conditions and regional forecasting therefore benefit from

information exchange with neighbouring countries.

Cooperation does not eliminate political disagreements around
water. It can still improve safety when agencies share timely

hazard and hydrological information.

Climate change finance should follow risk,
not fashion

Adaptation funding can become concentrated around highly visible
themes while ordinary drainage, maintenance or local engineering

remain underfunded. The most effective project may not be the
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most photogenic one.

Investment should follow evidence about which risks create the

largest human and economic losses in each location.

Insurance can support recovery but not
replace prevention

Crop, property and infrastructure insurance can help distribute
financial losses after disasters. Premiums become expensive when

risk is high and poorly understood.

Better hazard data and resilient construction can reduce that
uncertainty. Insurance works best alongside prevention, not as

permission to build repeatedly in unsafe places.

Adaptation must be local and connected

There is no single Himalayan adaptation project. Priorities differ
between a high-altitude village, a Tarai farming district and a
hydropower corridor. Yet several principles apply across the

country:

e Monitor continuously. Expand glacier, snow, river, rainfall,
permafrost and glacial-lake observation, and make useful data
available to local authorities.

e Design for compound hazards. Assess how rain, landslides,

lake outbursts, earthquakes and infrastructure can interact.
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e Protect watersheds. Forests, wetlands, floodplains and
healthy soils can slow runoff and support recharge, though
they cannot eliminate extreme risk.

e Strengthen early warning. A warning has value only when it
reaches people in time, in a language they understand, with a
rehearsed action attached.

e Plan at river-basin scale. Decisions upstream influence
communities, ecosystems and projects downstream.

e Fund local capacity. Municipal engineers, schools, health
posts and community groups are often the first to act during a

disaster.

Nepal’s choices still matter

Nepal contributes only a small share of global greenhouse-gas
emissions, yet it faces severe climate risk. That imbalance
strengthens the country’s case for international climate finance
and for much deeper emission cuts by major emitters. It does not
make domestic choices irrelevant. Cleaner transport, efficient
buildings, resilient energy, protected watersheds and safer
construction can improve lives now while reducing future

exposure.

The Himalaya is sometimes called Asia’s water tower, but the
metaphor can suggest a stable tank. It is better understood as a
dynamic system of ice, snow, rain, rock, forests, rivers and people.

Climate change is altering the relationships within that system.
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Nepal’s task is to observe those changes closely, communicate
them honestly and build for a future that will not behave exactly

like the past.

For practical links to current weather and flood bulletins, see our

monsoon planning guide.
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