WATER RESOURCES PROFILE SERIES
The Water Resources Profile Series synthesizes information on water resources, water quality, the water-related dimensions of climate change, and water governance and provides an overview of the most critical water resources challenges
and stress factors within USAID Water for the World Act High Priority Countries. The profile includes: a summary of available surface and groundwater resources; analysis of surface and groundwater availability and quality challenges related
to water and land use practices; discussion of climate change risks; and synthesis of governance issues affecting water
resources management institutions and service providers.

Nepal Water Resources Profile Overview
Nepal has abundant water resources and is not considered water stressed at a national scale. Per capita water
availability is well above the Falkenmark Water Stress Index’si threshold for water stress and only 8 percent of
water supply is abstracted.ii However, extreme seasonal and topographical differences can create water stress
sub-nationally.
Water risks in the Terai’s Southern Rivers Basin relate to monsoon flooding and dry season stress. Most rivers
in the Southern Rivers Basin are seasonal, and agricultural demand for water and population density are high.
Drinking water availability is strained in major basins throughout the Siwalik, driven by widespread catchment
degradation that reduces spring outflows.
Agriculture in the Terai is wholly dependent on seasonal surface water, while groundwater is underutilized.
Groundwater potential decreases with increasing elevation. The Siwalik’s springs, and Himalayan glaciers
contribute to year-round flow in major river basins.
Catchment destruction, agricultural runoff, untreated residential and industrial wastewater, and a lack of national
integrated monitoring and coordination are degrading both surface and groundwater quality. Poor sanitation
systems and industrial effluent in the Kathmandu Valley pollute water sources with heavy metals and degrade
ecosystems. Groundwater levels in the Valley have declined significantly due to over-exploitation.
Nepal has one of the lowest dam storage capacities in Asia and has high inter-seasonal water availability.
Without water storage, dry season hydropower generation and municipal water service delivery is reduced,
particularly in Kathmandu.
Nepal is naturally prone to landslides and flooding due to its steep topography and climate, but catchment
degradation is increasing erosion and sedimentation, particularly in the Koshi Basin, which has caused the River
to reroute and create massive transboundary floods.
Climate change will increase monsoon rainfall and intensity, melting of glaciers and snowmelt, and increase flood
risks nationwide. Snow and ice coverage has declined by 40 percent due to warmer temperatures, reducing
a critical buffer to surface water shortages in major river basins. Droughts will become more common and can
reduce spring outflows, while also increasing risk from forest fires which degrade watersheds.
Nepal’s water sector is fragmented across several institutions and the water management roles and
responsibilities of sub-national governments are not yet defined under the new federalist system. The Water
and Energy Commission Secretariat lacks the legal and budget authority to implement the National Water Plan,
resulting in a lack of basin-level management institutions.
iThe

Falkenmark Water Stress Index measures water scarcity as the amount of renewable freshwater that is available for each person each year. A
country is said to be experiencing water stress when water availability is below 1,700 m3 per person per year; below 1,000 m3 is considered water
scarcity; and below 500 m3 is absolute or severe water scarcity.
iiSDG 6.4.2 measures water stress as the percentage of freshwater withdrawals against total renewable freshwater resources. The water stress thresholds
are: no stress <25%, low 25%-50%, medium 50%-75%, high 75%-100%, and critical >100%.

Water Resources Availability
KEY TAKEAWAYS
Many rivers in the Lowland areas (the Terai) run dry, however, lowland aquifers are highly productive.
Major middle-elevation (the Siwalik) basins are sustained year-round by mountain springs, and glacial and snowmelt. Aquifers often
have limited or moderate water availability.

This section summarizes key characteristics of surface and groundwater resources. Table 1 summarizes key water
resources data and Figure 1 presents key surface water resources, wetlands, and dams.

Surface Water Resources

Nepal is divided into three main topographic regions.
The ‘Terai’ is a flat, lowland river plain running the length
of the southern border, is well suited for agriculture,
and has a high population density. The ‘Siwalik’ (central
hills) features deep valleys and steep slopes, mountain
springs, terraced agriculture, and livestock farming.
The High Himalayas run along the northern border and
feature rangelands, glaciers, and low population density.
All of Nepal is within the transboundary Ganges Basin,
but surface water is organized and managed through
five major basins: the Mahakali, Karnali, Narayani, Koshi,
and Southern Rivers.12 Collectively, these basins provide
70 percent of the Ganges River’s dry season flow and 40
percent of its annual flow.3 More than 6,000 rivers drain
from north to south to the Ganges. The Karnali, Narayani,
Koshi, and Southern Rivers Basins have robust surface
water yields ranging from 44,000 to 65,000 MCM.1 Most
of the Karnali and Narayani Basins exist within Nepal
whereas the Koshi Basin’s headwaters originate in the
Tibetan Plateau in China and less than half of the Basin

Glacial melt, snowmelt, and springs sustain dry season
flows in most basins, although surface water availability is
extremely limited in the dry season in the Southern Rivers
Basin. 4,5 Nepal’s 3,252 glaciers provide 481 MCM in
natural water storage in the Karnali, Gandaki, and Koshi
Basins,5 while also sustaining over 5,000 lakes.3 Melting
snowpack and glaciers provide around two-thirds of dry
season flow for some rivers.6 Nepal has four Ramsar sites
in the Terai, two in the Siwalik, and four in the Himalayan
region.

Year

Nepal

South Asia (median)

Long-term average precipitation (mm/year)

2017

1,500

1,712

Total renewable freshwater resources (TRWR) (MCM/year)

2017

210,200

210,200

Falkenmark Index - TRWR per capita (m3/year)

2017

7,173

2,529

Total renewable surface water (MCM/year)

2017

210,200

210,200

Total renewable groundwater (MCM/year)

2017

20,000

20,000

Total freshwater withdrawal (TFWW) (MCM/year)

2002

9,497

12,950

Total dam capacity (MCM)

2015

85

17,144

Dependency ratio (%)

2017

5.709

5.71

Interannual variability

2013

1

1.30

Seasonal variability

2013

4.10

3.55

Environmental Flow Requirements (MCM/year)

2017

95,940

83,790

SDG 6.4.2 Water Stress (%)

2016

8.31

15.67

TABLE 1. WATER RESOURCES DATA

Source: FAO Aquastat
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is in Nepal.2 One-third of the Mahakali River Basin is
in Nepal and its runoff is comparatively lower.1,2 The
Southern Rivers Basin has the highest runoff, and includes
lowland and hilly areas in central Nepal, including
Kathmandu.1

FIGURE 1: MAP OF WATER RESOURCES

Groundwater Resources

Lowland areas in the Terai have highly productive alluvial
aquifers (250m deep) and robust recharge, although
aquifers are often transboundary and can be impacted
by groundwater pumping in India. Groundwater
availability is variable in the Siwalik’s hard rock aquifers,

and productivity and recharge is moderate. Groundwater
springs in the Siwalik sustain dry season river flows. The
Kathmandu Valley has highly productive, but complex,
alluvial aquifers (10-300m deep). The high Himalayas
have no groundwater potential.7–9
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Surface Water Outlook
KEY TAKEAWAYS
Most surface water is used for seasonal irrigation in the Terai, although it is also an important source of municipal water supply,
including Kathmandu.
Nepal lacks dam capacity to adequately cope with its high inter-seasonal water supply variability, limiting hydropower generation and
municipal service delivery in the dry season.
Land use changes are increasing erosion, sedimentation, landslides, and flooding in the Siwalik and Terai. Sedimentation is highest
on the Koshi River and has caused the river to alter its course, resulting in extensive flooding.
The Bagmati River is highly polluted from inadequate treatment of industrial and municipal waste, reducing dissolved oxygen.
Industrial wastes also contaminate surface water with heavy metals and arsenic.
Municipal waste and agricultural runoff cause eutrophication in key lakes and wetlands, threatening biodiversity, especially in the
Terai.

This section describes key sources of demand and uses of surface water, and associated challenges stemming
from water availability and water quality challenges.
Agriculture accounts for 96 percent of total water
withdrawals, with surface water used for 80 percent
of all irrigated cropland, mostly in the Southern Rivers
Basin’s Terai lowlands. Most irrigation in the Terai is
seasonal due to limited surface water availability.1,5
Nationally, surface water is not a major resource for
municipal systems, although surface water from the
Bagmati River supplies half of the demand for drinking
water in Kathmandu. Hydropower is an emerging nonconsumptive use, although there are a limited number
of small, run-of-the-river hydropower dams mostly in the
Gandaki and Koshi Basins.5,11
Nepal has one of the lowest per capita dam capacities
and highest inter-seasonal variabilities in water
availability in Asia, with significant shortages during
the dry season. Limited storage capacity in the Southern
Rivers Basin, where many rivers are seasonal, increases
risks of wet season floods and dry season shortages.
For example, dry season shortages in the Bagmati River
reduce municipal service delivery in Kathmandu by 35
percent.12 Nepal is implementing an inter-basin water
transfer from the Melamchi Basin to the Southern Rivers
Basin and is building several small reservoirs to address
these shortages.13 Low storage and seasonal flows also
reduce hydropower production by 65 percent each dry
season.14
Catchment degradation increases erosion,
sedimentation, flooding, and landslide risks,
particularly in the Koshi Basin. Over 3 million hectares
are seriously degraded by deforestation, terraced
agriculture, and rangeland conversion. The Koshi Basin
is naturally vulnerable to erosion and landslides due
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to its topography and climate. 15 In 2008, increased
sedimentation caused the Koshi River to shift course 100
km eastwards,17 which resulted in flooding that affected
over three million people in India and 65,000 people in
Nepal.18
The Bagmati River is critically polluted due to limited
sanitation systems and treatment of industrial
effluent. Only 10 percent of Kathmandu’s wastewater
is treated.19 Five treatment plants are constrained by
technical and maintenance issues 20 and most waste
is discharged or washed into surface waters. This has
raised biological oxygen demand (BOD) and reduced
dissolved oxygen levels in the lower reaches of the river,
harming biodiversity and ecosystems. 20 Additionally,
unregulated industrial effluent in Kathmandu contaminate
surface water with high levels of arsenic, oil, and other
contaminants.21
Municipal waste, pesticides, and agricultural fertilizers
are causing eutrophication in lakes, reservoirs, and
Ramsar wetlands throughout the Terai and Siwalik.
Pesticides and agricultural runoff threaten over 60 percent
of wetlands in the Terai.22 The Kulekhani Reservoir, Lake
Phewa, and Ramsar sites such as Lake Ghodaghodi and
Lake Beeshazar are eutrophic.23–25 These water bodies
are prone to outbreaks of invasive species, such as water
hyacinth, southern cutgrass, and sedge. 26 Agricultural
runoff also lowers pH and dissolved oxygen, while excess
phosphates harm aquatic species.25 Poor water quality
in the Koshi Tappu Wetlands, one of the most important
wetlands for migratory birds in Asia, has contributed to
stark declines in waterfowl populations.27

Groundwater Outlook
KEY TAKEAWAYS
Catchment degradation and drought are drying freshwater springs in the Siwalik, which is increasing dry season water stress and
threatening a major source of drinking water.
The water table in Kathmandu Valley is declining due to over-exploitation from numerous, unregulated wells.
Groundwater in the Terai has naturally high levels of arsenic. Shallow and deep aquifers in the Kathmandu Valley have toxic heavy
metals and high microbial contamination.

This section describes key sources of demand and uses of groundwater, and associated challenges stemming from
water availability and water quality challenges.
Groundwater is an important water resource for
irrigation and drinking water. Only 1,900 MCM out of
20,000 MCM in renewable groundwater are abstracted
annually. 10,11 Groundwater is used in 20 percent of
irrigated cropland,10 primarily in the Terai.5 Groundwater
is also used by over half of the population in Kathmandu
Valley often through shallow wells28 and 80 percent of
the population in Siwalik.29
Springs are drying up, particularly in the Siwalik,
due to increasing demand, land use changes, and
climate change. In the past decade, outflows have
declined at more than 70 percent of freshwater springs
in western Nepal.30 Similarly, one-third of the springs in
the Kavrepalanchok District (Koshi Basin) have dried up
completely in the last ten years.31 High elevation forests
are critical to groundwater recharge in these areas. Forest
fires and widespread deforestation in the Siwalik have
reduced groundwater recharge. 29,32 Climate change
is also increasing the frequency of droughts that will
intensify surface water shortages in the dry season. 33
Natural disasters can also impact water availability, as the
2015 earthquake dried up almost 20 percent of springs in
one catchment near Kathmandu.34
Concentrated demand and urbanization in the
Kathmandu Valley are rapidly depleting aquifers.
The water table is estimated to have fallen 15-20
meters since the mid-1980s due to poorly regulated
and concentrated demand from private wells. 35 The

proliferation of boreholes and shallow wells is causing
the water table to fall by 70 to 80 cm per year and is
increasing land subsidence iii.36–39 The Valley’s shallow
aquifer is highly dependent on rainfall for recharge and
is susceptible to the impacts of drought. Urban sprawl is
accelerating and limiting the shallow aquifer’s recharge.40
The deeper aquifer has extremely low recharge, and
estimates suggest that abstraction rates are over 20 times
recharge.41 Greater emphasis on groundwater recharge
and alternative water supplies may relieve strain on the
Valley’s aquifer.35,42
Groundwater in the Terai is naturally high in arsenic
in some locations while the Kathmandu Valley has
heavy metal and microbial pollution from municipal
and industrial waste. Natural arsenic contamination
occurs in shallow groundwater in some parts of the
Terai, but is still generally suitable for irrigation.8,43 In
the Kathmandu Valley, high levels of toxic heavy metals
such as lead, cadmium, and chromium are present. The
Valley’s shallow aquifer is contaminated by industrial and
municipal waste while the deep aquifer has geogenic
contamination from ammonium.8 Lead pollution in the
shallow aquifer is nearly five times higher than WHO
guidelines for drinking water.44 Additionally, both shallow
and deep wells are polluted with E. Coli.45,46 Microbial
contamination stems from poor sanitation systems,
including seepage from septic tanks and latrines, low
sewerage coverage, and the infiltration of polluted
surface water from the Bagmati River.11,47

Water Resources and Climate
KEY TAKEAWAYS
Climate change will increase monsoon rainfall, raise temperatures, and increase drought. This poses risks to dry season water
availability as melting of glaciers and snow accelerate.
Flooding is already a major concern nationwide, and higher precipitation intensity and annual rainfall will increase risks from
landslides, erosion and sedimentation, and flooding in both the Siwalik and Terai.
Winter droughts will become more frequent, particularly in the western Terai, and threaten food security and livelihoods for rainfed
agriculture.
iiiPhenomenon in which the land sinks due to over pumping groundwater. In addition to threatening infrastructure, subsidence also permanently
reduces aquifer storage capacity.
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This section covers climate variability and climate change, their impacts on water availability and water quality,
and the risks they pose to local communities and their economies.
Annual precipitation varies widely, with the highest
rates in the central region and lowest in the northwest.
Precipitation patterns are highly heterogeneous due to
extreme topography and the seasonality of monsoons.
Around 75 percent of Nepal’s precipitation is received
during the summer monsoon season. About one quarter
of Nepal lies above the permanent snowline,5 and in the
winter, snowfall usually occurs in all locations above 3,000
meters.1
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as glaciers are depleted. These trends will intensify interseasonal variability in water supply and increase dry season
water stress.

Average temperatures have increased by 1 to 1.3°C,33 with
the highest increases in the Himalayan region.48 General
impacts on annual precipitation are uncertain but generally
limited, although wet areas may receive more precipitation
and drier areas less.33 These changes have reduced snow
and ice coverage by 40 percent and increased melting
rates, leading to sooner and larger peak flows in many
rivers.5

Higher precipitation intensity and increased melting of
glacier and snowpack will increase flood and landslide
risks, and are worsened by watershed degradation.
Peak flows may increase 20-100 percent in some rivers.52 In
highland areas, flooding will increase from glacial lake and
landslide dam outbursts, while lowland areas in the Terai
face risks from dam failure and monsoon rainfall.5 The Koshi
Basin has experienced thousands of landslides in recent
decades, and has dozens of glacial lakes that are at risk of
outburst flooding.53,54 The number of people impacted
by flooding may double and economic losses may triple.33
The economic losses from climate variability and extreme
weather events, especially flooding, are equivalent to 1.5-2
percent of Nepal’s GDP on average.52

Climate change is increasing monsoon precipitation and
melting glaciers. Faster melting snowpack will intensify
dry season shortages. Climate change is expected to
increase average temperatures between 2.2 and 4.3°C by
the end of the century. Annual precipitation may increase
62-148 mm due to stronger monsoon seasons,49 leading
to a net gain in renewable water resources.33 However,
climate change is also causing snowpack to melt faster
and is melting glaciers, which are nonrenewable water
reserves that buffer dry season river flows.5,50 Even in the
most optimistic warming scenarios, the Eastern Himalayas
are expected to lose half their volume by the end of the
century.51 Glacial melt produces short short-term increases
in river flow, but flow contributions will diminish over time

Risks from monsoon and winter droughts threaten
rainfed agriculture, posing risks to food security and
livelihoods. Rainfed agriculture accounts for 75 percent of
agricultural production. 56 The frequency of severe
droughts in the monsoon and winter seasons will increase
slightly,49,56 particularly in the western Terai plains where
rice production is common.56 Winter droughts will inhibit
the replenishment of glaciers and may increase forest
fires.56 The 2006-2007 monsoon drought reduced rice
cultivation 21 to 30 percent,55 while a major winter drought
in 2008-2009 reduced wheat production by 16 percent.57
The recent 2020-2021 drought was one of worst winter
droughts on record, causing a 60-80 percent reduction in
precipitation in western Nepal.58

FIGURE 2: DROUGHT RISK

FIGURE 3. RIVERINE FLOOD RISK

Water Policy and Governance
KEY TAKEAWAYS
Decentralization under the new constitution has commenced but key water management responsibilities for sub-national entities are
still being defined.
Basin-level water management institutions do not exist as outlined in the National Water Plan. The Water and Energy Commission
Secretariat lacks fiscal and decision-making abilities that hinder its ability to streamline water sector activities.
International tensions between India and Nepal due to aquifer depletion and flooding in the Koshi and Mahakali Basins, while a lack
of treaties and basin management institutions with China hinder management of the Koshi River.

This section provides an overview of key policies, institutions, and management challenges. Key laws, policies, and
plans are summarized in Table 2 and the roles and responsibilities of select transboundary, national, and sub-national
water management entities are summarized in Table 3.
TABLE 2. KEY LAWS, POLICIES, AND PLANS

Name

Year

Purpose

Water Resources Act

1992

Enables the formal creation of Water User Associations (WUAs) to govern
water projects, prioritizes water allocations for drinking water and irrigation,
requires permits for abstraction, outlines water quality protection principles,
and establishes penalties for any violations of the Act.

Water Resources Regulation

1993

Establishes and outlines the structure and functions of District Water
Resources Committees (DWRCs), including permit management and dispute
resolution.

Water Resources Strategy
(WRS)

2002

Defines water sector priorities and outlines actions, indicators, and timelines
to address them. Adopts Integrated Water Resources Management (IWRM)
principles for basin management, proposes river basin planning units, and
calls for IWRM basin management plans.

National Water Plan (NWP)
(2002- 2027)

2005

Defines the long-term investment portfolio for water sector and assigns the
WECS to develop and coordinate water policy and sectoral development.
Restructured District Water Resources Committees (DWRCs) around IWRM
principles and created Sub-Basin Committees, River Basin Authorities, District
Water Assemblies, and inter-district District Water Resource Committees
(DWRC). Implementation of the plan has been incomplete.

Local Government Operation
Act (LGOA)

2017

Defines local government responsibilities for resource management,
including forests, watersheds, wetlands, water use, and biodiversity.

Environment Protection Act

2019

Defines environmental regulatory authorities, establishes an
Environmental Fund, and requires environmental impact assessments.

National Water Resources
Policy

2020

The new Water Policy integrates water policy and all water uses and seeks
to ease water sharing disputes between provincial, district, and local
governments. Establishes new federal, state, and local bodies for optimizing
water use, development, management, and protection.
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TABLE 3: WATER RESOURCES MANAGEMENT ENTITIES

Mandate

Institution

Transboundary

Nepal-India Joint Committee on Water
Resources (JCWR)
The National Water Resource
Development Council (NWRDC)

Ministry of Energy, Water Resources and
Irrigation (MoEWRI)

National

Water Resources Research and
Development Centre (WRRDC)
Groundwater Resources Development
Board (GRDB)
Water and Energy Commission Secretariat
(WECS)
Ministry of Water Supply and Sanitation
(MoWSS)

Sub-national

Oversees bilateral hydraulic development and flood mitigation
measures for shared rivers. Headed by the ministers of water
resources for each country.
Highest authority for decision-making on water resource
management. Issues directives to be implemented through
provincial, district, and municipal governments.
Responsible for the management of all water resources, irrigation,
and hydropower. The Department of Water Resources and Irrigation
(DWRI) leads planning, development, and operation of irrigation
projects, as well as river and catchment management projects to
mitigate flood related disasters. The Department of Hydrology and
Meteorology (DHM) collects and disseminates hydrological and
meteorological data related to ambient water quality, hydrology, and
snowpack and glaciers.
Overseen by the MoEWRI, the WRRDC leads research and training,
and manages labs and research facilities.
Overseen by the MoEWRI, the GRDB manages eight branch
offices that map and monitor aquifers, groundwater quality, and
groundwater development for irrigation.
Overseen by MoEWRI, WECS is the Secretariat of the Water and
Energy Commission (WEC) and is in charge of developing national
water policy and coordinating water sector development.
In charge of developing and implementing water and sanitation
policies, plans, and regulations, as well as monitoring drinking water
quality.

District Water Resource Committees
(DWRC)

Issue permits for water use, define district-level water allocations,
register WUAs, and resolve local water disputes. Composed of
district-level representatives from water related line agencies.

Water User Association (WUA)

Local organizations (often for irrigation supply management) that
operate and maintain water infrastructure.

Provincial and Municipal governments

Nepal lacks a clear institutional structure to
coordinate water resources management at the basinlevel. Water management entities are organized around
sub-national administrative boundaries, but there is
currently no platform to coordinate basin planning for
rivers that span multiple provinces, municipalities, and
districts. This results in a fragmented approach to basin
planning and causes disputes between upstream and
downstream communities.61
Sub-national water management responsibilities need
to be clarified under the new federalization process
and capacities need to be strengthened. Nepal’s new
2015 constitution, the 2017 LGOA, and 2020 National
Water Resources Policy introduced significant changes
to the water sector. The water management mandates,
roles, and responsibilities of the DWRCs, provincial,
8

Roles and Responsibilities

Provincial and municipal governments have crosscutting
responsibilities for hydropower development, water service delivery,
irrigation, and water management, but exact responsibilities are still
being defined.

and municipal governments broad mandates’ need to
be clarified to align with the new constitution and 2020
National Water Resources Policy. 11,62,63 Further, the
sector lacks a clear institutional framework and water
use plans 64 and allocation decisions may not always
be compatible or feasible across basins. 62 Limited
capacity within district and local water management
entities impede implementation of existing policy. For
example, DWRCs often struggle to register new WUAs
due to limited engagement and infrequent meetings.65
Many rural municipalities lack budgets for basic
needs, including office space, internet, and adequate
staffing, while targets for trainings and water plans are
unfulfilled.66,67
Limited coordination and management challenges
of key transboundary water resources and hydraulic

infrastructure, especially the Koshi and Mahakali
Basins, compound flood risks and groundwater
management challenges. Nepal has several agreements
for sharing transboundary waters with India, including
the Mahakali Treaty and Koshi Agreement, but there
are no agreements with China. The Koshi Barrage
often contributes to flash floods in India that could
be mitigated through improved coordination and
communication regarding flood releases.68 Similarly,
India’s dam operations can cause severe flooding in the
Terai,69,70 and overexploitation of transboundary aquifers
by water users in India have caused water tables to fall
up to 50m in some parts of the western Terai, preventing
farmers from accessing groundwater with traditional
pumps.4,71

Water Quality Monitoring

Water quality monitoring responsibilities are
fragmented across various government entities and
the WRC has not fulfilled its mandate to consolidate
data. When it was established, the WECS was intended
to coordinate the exchange of water resources data,
including water quality results, across the sector in a
centralized database, however the WECS struggles
to fulfill this mandate as the sector lacks a strong
coordinating body to consolidate information from
various line ministries.62
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