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Message
Nepal is endowed with abundant water resources. Thus water is a key natural resource for the economic 
growth and overall development of the country. However, due to increasing urbanization, unmanaged land 
use land cover change, population growth and the impacts of climate change, the pressure on the country’s 
freshwater resource is growing rendering scarcity of water being felt in different parts of the country.

Water is intricately linked with other resources and other sectors such as livelihood, economy and 
ecosystem. Decisions taken in these different sectors have direct or indirect implications on the country’s 
water resources. Hence, understanding the implications of each sector’s decision with clear understanding 
of trade-offs between sectors is imperative to environmental sustainability and economic development of 
the nation.

The Government of Nepal formulated a comprehensive Water Resources Strategy-2002 and National 
Water Plan-2005 for the sustainable management of water resources with the goal of improving the living 
standards of Nepalese in a sustainable way. However, with time and context of changing environments-
social, political, economic and nature has posed new opportunities and different challenges for the water 
sector rendering the need to assess the scenarios and risks.

The Water Risks Assessment of Nepal, initiated by the WWF’s Living Himalayas Initiative and WWF Nepal 
paints a picture to inform government and the multi-stakeholders to better understanding the scenarios 
and risks posed to managing water better. The report provides compelling narratives on future scenarios in 
terms of how Nepal’s economy could be exposed to the risks through unsustainable use and mismanagement 
of water, further exacerbated by climate change. Understanding the role of water in Nepal’s new political 
economy, associated risks and major tradeoffs, and opportunities to build resilience is vital for the country’s 
sustainable development. The report also helps to understand the current and future risks associated with 
the primary water dependent sectors such as hydropower, agriculture and tourism, explaining implications 
of the risks while providing guidance to decision makers and stakeholders to develop appropriate national 
processes and mechanisms towards identification and management of future risks to Nepal’s water resources.

The Water and Energy Commission Secretariat as the lead government entity to formulate water polices 
will always be at the forefront to cash national benefit opportunities and minimize the risk associated with 
the water in partnership with partners working in the water sector. Moreover, the critical role of water 
resources in the economy makes it imperative that decision makers and policy makers understand the 
linkages between water resources and country’s economy and take necessary actions that can help preserve 
this precious natural capital,

WECS would like to thank WWF and all the partners and multistakeholders both government and non-
government who have been part of the Water Risks Assessment process of Nepal for their valuable 
contributions to publish this report. WECS also look forward to continuous efforts from WWF and partners 
agencies to implement programs for sustainable management of water resources in Nepal.

Madhav Belbase
Joint Secretary
Water and Energy Commission Secretariat



Foreword
Water security, in the face of global climate change, is one of the prime concerns of Nepal. In this context, 
sustainable management of water resources through a river basin approach is of utmost importance to 
achieve water security in the country. WWF has been continuously working on Integrated River Basin 
Management through a pilot project to materialize the National Water Plan-2005, conservation of freshwater 
ecosystems, wetland management, and conducting environmental flow assessment. 

The Nepal’s Water Risk Assessment program implemented by WWF’s Living Himalayas Initiatives and 
WWF Nepal prepared a comprehensive report that identifies possible future scenarios on water risks 
and opportunities, while anticipating unintended impacts not only on Nepal’s water resources and 
its spillover effects to the ecosystem, economy, and the livelihood of local communities but also on the 
country’s development trajectory. This two-volume report is a product of an eighteen-month long process 
of painstaking and constructive discussions with experts, decision-makers and key stakeholders in Nepal.  
The engagement of all the stakeholders helped to develop a common understanding on the water risks and 
opportunities, and chart plausible future scenarios. 

There is a strong need to consider water resources while designing and planning any kind of economic and 
developmental projects in Nepal. This report is expected to guide Nepal on its path towards sustainable 
development through the sustainable management of water resources and the protection of the natural capital 
and livelihoods of local communities. WWF Nepal remains committed to conserve and sustainably manage 
freshwater resources in partnership with the government, local communities and partner organizations.

I would like to thank all the partners and stakeholders who have participated in the consultation workshops 
and contributed in preparing this report. In particular, I would like to thank PEGASYS consultancy and all 
the contributing authors for their tireless efforts in producing this publication and WWF Finland and the 
Ministry for Foreign Affairs of Finland.

Anil Manandhar
Country Representative 
WWF Nepal
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Executive Summary 
Nepal - a favourite destination of those seeking adventure amongst the highest mountain peaks in the world, 
or those chasing the romance of self-discovery through travel in one of this planet’s most revered frontiers. 
A sacred space for Hindus and Buddhists alike, and a melting pot of ethnicities, cultures, and traditions. 
A country struggling to overcome poverty and a string of misfortune, but a nation where people’s limited 
means have never limited the warmth of hospitality. 

These are some of the conventional views of Nepal that the world is familiar with. But can these images of 
snow-capped mountains and sun-kissed valleys morph into a vision of Nepal as an economic powerhouse of 
services, driven by human capital?  Or with the idea of Nepal as a major producer of agricultural commodities 
and raw materials? With the notion of Nepal as a destination for ethical ecotourism, rather than a mecca 
for backpackers? And could the image of pristine natural beauty be reconciled with a Nepal that produces 
surplus power that is exported into a regional grid? 

As Nepal undergoes the metamorphosis from a least developed country today into an economic success 
story, it is likely to follow a path leading to one or more of these distinct futures. As it does so, it is not only 
Nepal’s image that may undergo a transformation, it is also Nepal’s hitherto untapped freshwater resources 
that will mirror any evolution in the country’s economic model. 

Each of Nepal’s major economic drivers – agriculture, hydropower, tourism, and the service sector – are 
heavily reliant on water. The Himalayan country is fortunate to have significant renewable water resources 
(estimated at over 225 km3/year for surface water and 12 km3 for groundwater sources) and – despite a 
relatively high population density – reasonable per capita water availability (comparable to Greece, Austria, 
or Portugal). However, despite being situated in the Himalayan water towers, Nepal already struggles with 
water shortages in many communities including its populous capital Kathmandu, and a lack of access to 
safe drinking water across the country (due to pollution, agricultural and industrial runoff, and arsenic 
contamination). 

Streams are starting to dry up in many parts of the country. Water shortages are being reported in several 
towns and population centres. Farming communities are stressed without the assurance of adequate water. 
Nepal’s heavily monsoon-fed river systems already run low in the dry season, but with climate change 
impacts starting to play a role the rivers could display even more extreme flows in the years ahead, with 
floods in the monsoon season replaced by slow trickles in the dry season. Communities across Nepal have 
started relying excessively on groundwater, leading to unsustainable rates of abstraction.  

If Nepal’s freshwater resources are not adequately safeguarded, will Nepal be able to realize any of the 
potential futures it may wish to pursue? On the other hand, will Nepal’s pursuit of any one or all potential 
futures irrevocably alter the availability and character of the country’s freshwater resources, such that it 
would make any alternate future unattainable? 

This report is an attempt to pose, and answer, some of these key questions related to the future of Nepal’s 
water resources – the natural capital that provides the foundation for all major economic activity. The 
exploration of these issues is done through scenario development, a useful tool to identify and interrogate 
plausible future developments that have implications for Nepal’s river basins. 

This report examines three potential future scenarios for Nepal (through the year 2035): 
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§	Metropolitan Nepal: In the Metropolitan Nepal Scenario, Nepal rides the wave of steadily increasing 
foreign investment and remittance inflow and experiences a boom in its services sector. The services 
sector (including IT, software, financial services, construction etc.) allows for attractive employment 
opportunities, and is competitive regionally and globally due to both the availability of a strong labor 
force as well as sustained demand from neighboring countries. Buoyed by growth in the services sector 
and the resultant rise in income-generation opportunities in urban hubs, Nepal experiences a growth in 
urbanization. Secondary cities start becoming destinations for rural-urban migration within the country 
as well as locations for resettlement for a section of Nepal’s diaspora who are pulled back to their home 
country by increasing opportunities in the services sector, as well as by the emergence of a network of 
cities (across provinces) that have adequate service provision, are well-connected, and well-served by 
expanding infrastructure. The growth of such cities leads to increasing water demands in urban areas, 
water quality impacts, and competition between different users. Unprecedented water use in the mid-
hills also causes upstream-downstream water trade-offs. Inadequately regulated infrastructure growth 
contributes to damage in watersheds and catchments, as well as more natural disasters. After a period 
of rising damage from natural disasters and stronger understanding of tradeoffs in water use in Nepal’s 
new network of cities, Nepal introduces environmental safeguards, land use planning, and zoning to 
better manage water resources.

§	Bucolic Nepal: In the Bucolic Nepal Scenario, Nepal pursues economic opportunities in agriculture and 
tourism, relying on rich natural resources and robust ecosystems. Nepal’s agricultural exports benefit 
from geographic access to large neighboring markets, as well as cheap agricultural labor. The Tourism 
industry thrives due to the country’s Himalayan landscapes and sacred sites for religious tourism. 
Infrastructure expands to support growth in agriculture and tourism (e.g. roads, railway, irrigation 
facilities, storage reservoirs, canals, and hydropower to supply more energy to the growing sectors). 
Poorly planned and diffused agricultural activity and unregulated tourism lead to destabilization of 
landscapes and put pressure on water supplies. The two sectors start competing for limited water. 
Water quality impacts increase, particularly from inadequately planned and managed agricultural 
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water use. Due to both damaged landscapes as well as climate change, disasters increase and hurt the 
tourism industry. Nepal starts to remedy this by introducing standards and safeguards to make both 
tourism and agriculture more environmentally responsible, and it also implements more robust spatial 
planning.

§	Energized Nepal: In the Energized Nepal scenario, Nepal accelerates hydropower development as a 
means of attracting foreign investment, catalyzing revenue flows, and supporting employment in the 
construction sector. Nepal pushes forward aggressively towards its goal of 10 GW installed generation 
capacity by 2020, with the private sector playing a more dominant role than the government. Regional 
electricity trade opportunities propel Nepal towards setting a target of 30 GW by 2035. This level 
of ambition calls for expansion of linear infrastructure to support such widespread hydropower 
construction. Vast numbers of hydropower projects are licensed and commissioned through a system 
that lacks coherence. This, coupled with infrastructure impacts, leads to ecological degradation and 
an increase in disaster risk from poorly planned hydropower. After a particularly preventable disaster 
arising out of uncoordinated operations by private operators, Nepal’s hydropower sector starts to mature, 
with the government re-establishing its role in regulation and the implementation of environmental 
and social safeguards. The country starts adopting an integrated energy planning approach with basin 
optimization, moves towards more multipurpose projects, spatial planning, strategic flow requirements, 
and cumulative impact assessments. Hydropower becomes a key resource that drives growth across 
multiple sectors of the economy, supporting productive activity and human resource development as a 
result of better access to electricity services.

As each scenario is allowed to develop in a “business as usual” manner and take its natural course, it becomes 
clear that Nepal will face some real tradeoffs in relation to how different sectors are able to utilize water 
resources to expand and evolve. The tradeoffs largely fall into five major categories: 

§	Reliability of and access to water supply – tradeoffs related to water allocation between upstream 
and downstream users, as well as allocation of groundwater and surface water among users;

§	Competing uses of land in catchment areas – use of land for agriculture versus industry versus 
tourism or growth in urban settlements;

§	 Infrastructure growth (roads, bridges, transmission lines, telecommunication infrastructure, railway 
lines, water supply pipelines, amongst others) to support economic sectors and activities but which 
destabilizes catchment areas and causes watershed degradation, also contributing to greater disaster 
risk (landslides, flash floods, earthquakes etc.) – i.e. tradeoffs with watershed integrity and stability

§	Economic activity and increased water access upland but with downstream water quality impacts 
and flows;

§	Large dams for multipurpose use, storage for improved water supply and irrigation, and larger 
hydropower capacity, but with ecological ramifications for river courses.

These tradeoffs bring into sharp relief the principle tenet of water-in-the-economy analyses: that decisions 
about the economy are implicitly water-resource decisions, and that water resource decisions are inherently 
decisions about the economy. 

Fortunately, Nepal also has opportunities – within each scenario and across the three scenarios – to 
consider interventions, i.e. actions or measures that can support a positive outcome and reduce negative 
consequences and tradeoffs. The opportunities are likely to present themselves as key pivot points, i.e. 
moments calling for decisions or processes that result in important determinations: 
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§	Prioritization of economic model and influencing water use through policy frameworks;

§	Planning for demographic shifts and spatial distribution of urban and industrial hubs;

§	Design and implementation of Nepal’s agricultural model and nature of irrigation;

§	Sectoral model for hydropower and energy supply development, including dam design and 
management (coordination in operations and siting); 

§	Approach to catchment land-use (including management of deforestation);

§	Development and maintenance of Nepal’s linear infrastructure; 

§	Strengthening of and application of environmental safeguards and standards;

§	 Institutional development through constitutional change and federalism; 

§	Private sector involvement and capacity.

Each of these pivot points represents an opportunity or chance for Nepal to manage its natural resources – 
particularly water resources – in a sustainable manner, to the benefit of key economic sectors, communities, 
and future generations. However, for Nepal to be able to decisively and strategically utilize the decision 
points to influence more favourable outcomes, it needs to be equipped with the right tools. These tools, 
which Nepal’s policymakers would be advised to adopt, strengthen, and integrate into existing decision 
making processes and structures, are as follows: 
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While several of these have previously been discussed in Nepal by decision makers and thought leaders as 
approaches that would strengthen economic planning and governance as a whole, this report underscores 
the necessity of adopting these tools from a water resources perspective. By orienting all of the above tools 
towards more strategic and rigorous water resources management, and then by integrating them into 
mainstream economic planning, this would allow Nepal’s larger economic planning architecture to give 
effect to decisions that promote real economic resilience and help manage this key economic resource so 
that it supports sustained, long-term economic growth. 
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Preface to this Report 
This report, “Nepal – Water Risk Scenarios and Opportunities for Resilient Development,” is a product 
of an eighteen-month long process designed to engage experts, influencers, decision-makers, and key 
stakeholders in Nepal on the nature and potential consequences of risks faced by Nepal’s water resources. 
WWF’s Living Himalayas Initiative initiated the process, in partnership with WWF Nepal’s Country Office. 
The report captures key insights that emerged or were reaffirmed during the course of the eighteen months. 

This current volume (Volume 1) of the report explores multiple scenarios for how key water-reliant sectors 
in Nepal evolve over the next two decades (through approximately 2035). Each of the scenarios has 
implications for Nepal’s water resources, and thus the report also examines the implications, underscores 
the risks, and enumerates opportunities for Nepal to address or manage the risks. 

The broader context for the scenarios (i.e. the substantive foundation for the process) is captured in the 
accompanying companion report (Volume 2), which highlights role of freshwater in Nepal’s economy, and 
identifies major threats to heavily water-dependent economic sectors. Volume 2 also provides a detailed 
description of the process adopted and the theoretical underpinnings of transformative scenario planning. 

While Volume 1 of the report encapsulates some of the critical discussions that took place under the aegis of 
the Nepal water risk scenario development process, it is the process itself that is an important product of the 
effort, making Volume 2 an equally integral component of the report. The process of scenario development 
adopted provides a platform for in-depth and thoughtful conversations about current and anticipated 
water-related challenges in Nepal, facilitates cross-sectoral engagement on issues of concern, and allows 
for potential solutions to emerge and receive endorsement in an organic, collaborative manner. 

It is in the spirit of such collaboration that decision makers and key stakeholders – in conjunction with 
WWF and with the support of Pegasys Strategy and Development – identified and built out three potential 
scenarios for Nepal’s future. While the scenarios developed represent economic and developmental futures 
(each characterized by a dominant productive sector), these potential futures also represent scenarios for 
future water use and demand in Nepal, given that each of the sectors included is heavily water-dependent. 
This linkage to water also makes the scenarios glimpses into future dependencies and impacts on Nepal’s 
water resources, given that the primacy of each economic sector is likely to have a significant and somewhat 
distinct requirement for and impact on water resources – in terms of quantity, quality, and spatial 
distribution. 

The scenarios allow a deeper reflection on trade-offs between different water users or sectors, but also 
permit the identification of important opportunities to manage Nepal’s water resources, keeping in mind 
competing demands, trade-offs, and priorities. 

This report (Volume 1) is intended to capture key learnings that have emerged from the scenario development 
process thus far. Beyond this report, it is anticipated that the dialogue sparked by the scenario development 
process will continue in one or more forums and will remain a channel for Nepal’s decision makers to 
consider and prepare for future eventualities that affect not only Nepal’s water resources, but the country’s 
economy and development trajectory. 
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Chapter One
Metropolitan Nepal
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Base Camp 
A Wealth of Human Capital

Nepal, home to both the world’s tallest mountain peaks and one of the world’s 
richest alluvial plains, is in an unenviable position in terms of the Human 
Development Index (145 of 188 countries as of 2014 Ranking), percentage of 
population earning less than $4 a day (~90%), and overall levels of poverty 
(with nearly a fourth of the country living below its poverty line1). However, 
Nepal’s resilience helps it maintain a healthy GDP growth rate of between 
3-5.5%. Nepal’s strongest asset is its young population, with just under 60% 
of the total population being within the ages of 15 to 54 years, and with a 
median age of 22.9 years. This demographic dividend and strong labor force 
becomes an engine of growth for Nepal. Over 60% of Nepal’s population 
displays varying levels of literacy, and an affinity towards service provision.

Bringing Home the Bacon

Nepal’s labor force, known for both an entrepreneurial spirit and diligence, 
continues to be a source of export revenue due to the large number of expats. 
Remittances constitute between a quarter and a third of the country’s GDP 
(estimates vary between 25-29%). The earthquake of 2015 spurred an 
increase in remittances towards the rebuilding effort, placing Nepal at the 
very top of all countries in the world in terms of the share of remittances in 
the GDP in 2015.2 

All Roads Lead to… Kathmandu

Kathmandu, the commercial and 
political capital of Nepal, maintains 
its position as the nation’s most 
significant city (figure 1). Its 
population continues to be at least 
four times larger than the next biggest 
city in Nepal, and it remains the 
primary destination for rural-urban 
migration. This leads to continued 
pressure on social services provision 
and delivery in Kathmandu, and a 
constant deficit of essential services, 
including power. 

S1
Metropolitan 
Nepal

A service-sector driven economy that caters 
to a growing urban population with rising 
incomes and two large neighboring country 
markets. This economy is also powered by 
exported labor services, i.e. by remittances 
from abroad.

Municipality Population

Kathmandu 1,744,240

Pokhara 255,465

Biratnagar 201,125

Birgunj 135,904

Butwal 118,462

Dharan 116,181

Mahendranagar 23,631

Bharatpur 15,519

Bishnupurkatti 11,554

Dhangadi 11,262
Figure 1 - Nepal major municipalities by 
population (source: Nepal Census 2011)
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Mushrooming Urban Growth

Between 2016 and 2020, despite Kathmandu’s continued role as Nepal’s prime city, urban growth starts 
picking up pace outside of Kathmandu, with several other smaller cities expanding, and towns and other 
population hubs slowly taking on the character of cities. Urbanization rate (annual) rises from the current 
3.6% of 5% per annum.3

One of the biggest catalysts for such urbanization 
and growth of small and medium cities is the 
adoption of Nepal’s new constitution and its 
promotion of a strong federal model (figure 2). 
Federalism by its nature calls for provincial 
capitals and commercial hubs to take on greater 
relevance. Urban centres across the proposed 
seven provinces start growing in prominence. 
This growth, however, is largely uncoordinated, 
and not guided by policy or planning. 

Infrastructure Expansion

Nepal’s government pursues an aggressive 
agenda of infrastructure expansion. In particular, 
this involves road and rail network expansion, 
including East-West corridors, but also linear 

infrastructure that connects the densely populated plains to the mid-hills of Nepal. The move towards a 
federal structure of government also underpins the agenda of infrastructure growth and greater connectivity 
across regions. The commitment to rapid infrastructure expansion leads to a weakening, or a sidelining, of 
environmental safeguards (e.g. fast tracking of environmental clearances). One of the ramifications is loss 
of forest cover, exacerbating an already worrisome trend in deforestation (Nepal lost a quarter of its forest 
cover between 1990 and 2005).4 

Service Sector Boom

The proliferation of multiple new urban centres, including those gaining new importance both politically and 
commercially, combined with growing income levels from the country’s steady GDP growth and remittance 
inflows, leads to growth in demand for services. As Nepal’s own population climbs up the development 
ladder and as larger numbers of people leave rural areas to resettle in urbanized zones, such migrants feed 
the demand for greater service provision. 

In particular, economic activities that drive expansion and revenues in the service sector include IT services, 
software, telecommunications, banking and financial services, brokerages etc. This is supplemented by 
growth in the construction industry, textiles and garment export, and similar sectors that both serve urban 
markets and require access to cities for their value chains. The service sector offers attractive opportunities 
for the country’s young labor force.

Private Sector in the Driver’s Seat

Despite the challenges of the Earthquake of 2015 and the fuel crisis of late 2015-early 2016, Nepal remains 
an attractive destination for investment in basic infrastructure. On the back of the post-Earthquake 
recovery and rebuilding effort, Nepal’s government actively creates a favorable investment climate and 
enabling investment frameworks. High profile visits such as those by David Beckham and Prince Harry 

Figure 2 - Seven New Provinces in Nepal (source: New Republic 
Media: myrepublica.com)
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are useful reminders to regional and global economic powers that investment in Nepal can support both 
socio-economic and developmental dividends, as well as actual financial returns on investment. The private 
sector in Nepal – particularly in the services and construction industry – emerges as a dominant force that 
shapes the country’s economic trajectory. 

Acclimatization Climbs
Web of Connectivity

Growth in infrastructure, including expansion of road and rail networks as well as power transmission lines, 
leads to a marked increase in connectivity between different urban hubs across Nepal. Instead of Kathmandu 
continuing to be saturated, other emerging cities start absorbing greater rural-urban migration by offering 
more economic opportunities. Infrastructure growth and access is a particularly transformational force for 
the Himalayan mid-hills region of Nepal, with population nodes in this area empowered to pursue greater 
commercial opportunities. Cities, and the roads, rails, telecom lines and bridges that connect them become 
akin to a network with multiple hubs and transmission pathways. Thus the development takes place in 
corridors, especially in east-west ribbon patterns.

The plains in Nepal become increasingly congested with human settlements, crowding out agriculture. This 
results in agricultural development moving slightly upland, towards the mid-hills and moderate elevations. 
Combined, both these forces also lead to greater deforestation.

Lateral versus Vertical Growth

Nepal continues to experience recurrent 
tremors and seismic anomalies. Fears of a large 
earthquake occurring again – perhaps with even 
more devastating power than the quake of 2015 – 
leads to a paradigm shift in the construction and 
building industry. High-rises and multi-storied 
buildings become less common, with preferences 
shifting towards flatter development. The 
government too (at first through inaction in the 
face of these changing trends, and subsequently 
by formulating building codes that encourage 
horizontal growth) nudges Nepal’s growing cities 
in the direction of sprawl as opposed to density. 

This has several implications for service delivery, but particularly for water supply and sanitation. Demand 
for such water services extends to more far-flung places and outside the traditional areas that used to be city 
hubs. Lateral spread results in greater peak wash-off from impervious surfaces and exacerbates floods while 
reducing infiltration. The encroachment of urban areas onto agricultural lands also makes these settlements 
more prone to disasters landslides and floods from catchment destabilization and urban proliferation.

Rising Water Demand in Mid-Hills

As urban centres grow across Nepal, demand for water in these population centres also rises. The 
unprecedented expansion of towns and cities in the mid-hills / mid-elevation areas (catalyzed by new levels 
of connectivity) leads to significantly greater water demand in these regions than before. This results in a 
need for tapping into new sources of water, or diverting existing sources of water to a larger extent to meet 
this demand. 

Figure 3 - Aerial view of Kathmandu, the capital city of Nepal, 
suggestive of urban sprawl
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Growth of population settlements in the mid-hills also brings with it greater demand in the area for energy 
services and for the provision of commodities / primary products. Some of this growing energy demand is 
met by building more small to medium hydro-electric facilities in the mid-hills. Similarly, growing demand 
for water supply and sanitation in the new mid-hills cities drives efforts to harness streams and river 
tributaries for local freshwater needs. 

With more people living and engaging in commercial activity in the mid-hills, as well as increased access 
to markets from this area, this leads to rising energy demand in these regions as well as increased food 
demand. This catalyzes growth of energy infrastructure and agricultural commodity trade and transport 
into these regions.  

Increased water use in the mid-hills also has water quality ramifications for users downstream, both from 
human settlements and their effluents, as well as from agricultural runoff.

Precarious Landscapes

Poorly planned and poorly regulated growth in infrastructure contributes to deforestation and degradation 
of natural landscapes in an already-fragile mountain region. Construction activity – particularly for linear 
infrastructure – destabilizes hillsides and contributes to more landslides. This also exacerbates flash floods, 
whose impacts are worsened by denuded forest cover. Extremely vulnerable communities living in informal 
housing and underserved settlements are disproportionately affected by flooding. Higher rates of erosion 
on hillsides lead to more siltation in rivers, increasing technical challenges for hydropower in many parts of 
Nepal. Both terrestrial and aquatic landscapes (including riparian ecosystems) are damaged.

Climate change intensifies the hazards of flash flooding from heavy, intense, downpours, as well as from 
avalanches. As glacial melt accelerates, Nepal starts to experience a higher incidence of Glacial Lake Outburst 
Floods (GLOFs). This puts the settlements in the mid-hills and higher elevations more at risk.

A Wake-Up Call

Within the next decade (as a plausible development) an earthquake destabilizes a glacial lake, causing an 
outburst flood. The glacial lake is one that has been getting increasingly unstable due to repeated small 
tremors in Nepal’s seismically active areas, but which reaches a tipping point after an above-average sized 
tremor.5 Flash flooding from the GLOF is exacerbated by high levels of erosion and slope destabilization. 
The floodwaters are compounded by a landslide that exacts a high human toll on a town built in a higher 
elevation region in Nepal.

Ascent to the Summit
Return of Prodigal Children

Steady and positive economic growth in Nepali urban areas, as well as the desire to assist with reconstruction 
after a series of disasters, creates conditions for a section within the Nepali diaspora to return. The thriving 
services sector offers several opportunities for some people with skills to return and take up jobs that assure 
adequate remuneration, plus the chance to be part of Nepal’s growth story. The rise of secondary cities 
and other population hubs across Nepal – each with higher levels of services available to residents than a 
generation ago – makes the return home even more feasible and allows the returning diaspora for some to 
resettle around the country, and not just Kathmandu.
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Environmental Safeguards and Disaster Management

Public discourse strengthens in relation to the impact of growing infrastructure on natural landscapes and 
critical ecosystems, including catchment areas and entire river basins. In recognition of the threats posed 
by poorly regulated infrastructure development (compounded by climate change), Nepal starts to invest in 
disaster risk planning, reduction, and management. It supplements this with a more proactive stance on 
environmental standards and safeguards in the context of infrastructure expansion. The returning diaspora 
brings back knowledge about environmentally responsible standards overseas, and water resources 
management approaches that help minimize or mitigate the risk from infrastructure development on river 
courses. They add to the voice of Nepal’s middle class in urging for more sustainable development and 
environmental safeguards. For instance, Nepal strengthens its forest management policy as well as its 
implementation of Environmental Impact Assessments and Strategic Environmental Assessments for large 
infrastructure. 

Spatial and Land-Use Planning 

With growing understanding of the impacts of urban expansion on natural landscapes – and the ecosystem 
goods and services assured by natural systems – Nepal starts to take a more considered approach towards 
land use planning. In particular, the experience of water related tradeoffs between different users in the 
new cities, as well as between upstream and downstream users, creates a consciousness about the need to 
balance competing water use in specific areas. This also leads to more sophisticated approaches to water 
allocation, development of infrastructure, protection of flow regimes and an improvement of water quality.

The siting of key industries in or adjacent to growing urban areas (especially water and energy intensive 
industries) is guided more proactively through zonation policy.

National and local governments start devoting more attention to resource-optimization in the built 
environment, including through green design and building codes, putting urban growth in Nepal on a 
more sustainable pathway. They give particular attention to the impacts of urban development on water 
resources, and to the demand for water resources created by urban growth. This starts informing the nature 
and spatial character of future urbanization.

 

In the Metropolitan Nepal Scenario, Nepal rides the wave of steadily increasing foreign investment 
and remittance inflow and experiences a boom in its services sector. The services sector (including 
IT, software, financial services, construction etc.) allows for attractive employment opportunities, 
and is competitive regionally and globally due to both the availability of a strong labor force as well as 
sustained demand from neighboring countries. Buoyed by growth in the services sector and the resultant 
rise in income-generation opportunities in urban hubs, Nepal experiences a growth in urbanization. 
Secondary cities start becoming destinations for rural-urban migration within the country as well as 
locations for resettlement for some of Nepal’s returning diaspora who are pulled back to their home 
country by increasing opportunities in the services sector, as well as by the emergence of a network 
of cities (across provinces) that have adequate service provision, are well-connected, and well-served 
by expanding infrastructure. The growth of such cities leads to increasing water demands in urban 
areas, and competition between different users. Unprecedented water use in the mid-hills also causes 
upstream-downstream water trade-offs. Inadequately regulated infrastructure growth contributed to 
damage in watersheds and catchments, as well as more natural disasters. After a period of rising damage 
from natural disasters and stronger understanding of tradeoffs in water use in Nepal’s new network of 
cities, Nepal introduces environmental safeguards, land use planning, and zoning to better manage 
water resources.
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Chapter Two
Bucolic Nepal
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Seeds of Growth
Untapped Potential

Rigid land holding laws that restrict agricultural land transfers and size 
of holdings, plus the challenges of back-breaking labor on farms result 
in a steady decline in the agriculture sector’s contribution to GDP and 
employment. An increasing number of people leave their land fallow due 
to a lack of capacity or interest as well as lack of access to markets, credit, 
and opportunities for commercial agriculture. As a result of able-bodied 
men migrating from rural areas to the cities, or moving abroad for work, 
the feminization of agriculture increases steadily. Women constitute 78% of 
Nepal’s unpaid family labor force (and 78% of economically active women 
work in agriculture), and nearly half of all agricultural workers.6 Nepal’s 
potential for specialty exports of high value products, e.g. non-timber forest 
produce such as cardamom, herbs, essential oils and other spices, as well as 
timber products, is well known but not tapped to the extent possible. 

A Helping Hand

Nepal’s government starts taking a more proactive stance on agriculture, 
with the goal of shifting the sector away from subsistence farming towards 
more commercial agriculture. The country begins exploring land reforms 
and other legal changes to allow for different models of landholding in rural 
areas, and to consolidate small and marginal parcels. Nepal also introduces a 
host of incentives and support programmes to provide a boost to agriculture. 
These include tax breaks, rebates, subsidies, low-interest loans, greater 
access to credit, and low-cost land. The government ramps up investment 
in advanced agricultural technologies, to provide farming communities 
with more equipment, mechanized tools, and technical assistance to make 
farming less of a hardship. 

To allow for Nepal’s nascent commercial farming sector to meet its potential, 
the government invests heavily in providing cultivators access to water. 
Funds are poured into irrigation schemes (supported by storage), with 
existing schemes repaired and expanded, and new schemes constructed in 
previously underserved regions such as the mid-hills. In upland areas where 
irrigation is not cost-effective, the government expands programmes to assist 
communities with rainwater harvesting and improved tilling and irrigation 
approaches. Assistance is also provided in the form of local water storage 
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schemes and expanded terracing tools (machines). Farmers themselves increase their access to river water 
through improvised pipes and pumps, as well as pumping groundwater, altering water availability and 
absorption into catchments in some areas. While rainfall is not the single biggest determinant of Nepal’s 
GDP growth (due to the ever-shrinking contribution of agriculture), rain-fed agriculture is nevertheless 
subject to the vagaries of a shifting climate, and thus Nepal invests in water storage as part of its overall 
reconstruction process, with a view to decoupling agriculture from hydrological variability. 

Markets and Incentives 

To support and sustain growth in the agriculture sector, Nepal’s government encourages people to increase 
productivity of land by improving access to markets; for major commercial centres it helps increase access 
to regional and global export markets, while for small-holders it provides greater assistance in accessing 
domestic markets. Public Private Partnerships (PPPs) become more prominent, and agriculture moves 
strongly towards commercialization. This strengthens growth in this sector, but also leads to marginalization 
of smallholder farmers who are bereft of some benefits of commercial agriculture.

Steady and Promising Growth in Tourism

The tourism industry, long a mainstay of Nepal’s economy, 
continues to be a key economic driver (figure 4). Despite a 
brief tourism slowdown after the earthquake of 2015 and the 
subsequent struggles with both the rebuilding effort and the 
fuel crisis, Nepal continues to attract a wide range of tourists. 
Religious tourism by visitors from India recovers. Adventure 
tourism also continues to be steady, despite two consecutive 
years of challenges for the mountaineering community (due to 
a deadly avalanche and the death toll on Everest from the 2015 
quake). The number of international tourists is maintained, as 
are tourism-related revenues and employment. With greater 
infrastructure development leading to access and connectivity 
in more remote areas, numerous opportunities are created in a 
decentralized manner, across tourism hubs around the country 
and not merely in Kathmandu and Pokhara.

Branching Out (into Value-Added Agriculture and Tourism)
Infrastructure Expansion

Expansion of both agriculture and tourism in a decentralised, spatially dispersed manner calls for greater 
infrastructure to support these sectors. Thus there is an increase in road construction, transport facilities, 
electricity supply, and Information and Communications Technology (ICT) infrastructure. Roads at the 
central, provincial, and district level are built without sustainable design parameters; several roads continue 
to suffer seasonal damage during the monsoon season. 

The government also turns to micro hydro projects to provide power in more remote areas where tourism 
increases and agriculture expands. Distributed micro hydro is viewed as a means to create more opportunities 
for far-flung regions, with private developers owning and operating the facilities and selling power to micro-
grids (for instance, selling to neighboring villages, or even into the national grid if connected). 

Similarly, on the tourism side, the government provides incentives for the development of tourism 

Figure 4 - Contribution of travel and tourism 
to Nepal’s GDP (source: World Travel and Tourism 
Commission, 2015)
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opportunities in previously under-visited parts of the country. In order to maximize revenues from tourism, 
Nepal continues its efforts to boost tourism in all price-ranges, from backpackers and budget travelers to 
leisure travelers seeking Himalayan getaways and scenic solitude. As a result, tourism grows throughout the 
country in a diffuse manner as opposed to in certain hubs. In the pursuit of tourism growth, the government 
overlooks environmental safeguards in the sector, both in terms of construction quality and standards for 
tourism infrastructure, and in terms of the amount of tourism traffic permitted into relatively sensitive 
and fragile areas. Tourist movement starts creating greater problems of water contamination, land-based 
pollution, and denudation of frequently traversed landscapes.

Hunger for Energy

Rising economic activity in both the agriculture and tourism sectors, including in new geographical 
locations that these sectors expand into, leads to growing demand for energy services – particularly power. 
To meet such growing demand, the government ramps up development of hydropower projects in several 
basins. This alters the tourism destination value of some basins and sub-basins for a section of nature-based 
tourism travellers, decreasing the potential of water related tourism. This also alters water flows in some 
rivers, with impacts on riverine ecosystems and adjacent landscapes. The expansion of energy facilities in 
an uncoordinated manner also leads to some facilities impacting water inflows into other nearby facilities. 

Deepening Thirst 

By 2025, as both agriculture and tourism expand in a spatially decentralised manner, their growing water 
use creates competition between each other in more stressed catchments as well as with other sectors. With 
more terraced farming in highland areas (geared towards self-sufficiency of staple crops and local markets), 
more pumping from rivers and groundwater, as well as larger commercial farming areas (producing export-
oriented commodities) supported by increased irrigation facilities, water consumption by the agriculture 
sector increases significantly in the mid-hills regions. In particular, the government commissions more 
storage dams and canals. However, these are announced without adequate spatial planning or without 
rigorous evaluations of the cumulative impacts and sustainability of their siting. 

Simultaneously, with more tourism infrastructure (including hotels, resorts, and guest houses) springing 
up around the country, and with the sector relying heavily on access to water, the tourism sector’s demand 
for water also shoots up. 

Some of this expansion of both agriculture and tourism 
takes place upstream of certain hydroelectric facilities. With 
consumptive use by agriculture and tourism drawing a larger 
share of water in these areas, hydropower projects in these 
specific regions face greater challenges by 2025, especially in 
the low flow season when abstractions are highest. Very real 
operating tradeoffs emerge between single purpose dams 
for water supply to rural areas, irrigation expansion and 
local hydropower. Abstractions in the mid-hills also start 
causing tensions with those living in the plains, especially 
during the dry season when flows are low. 

On the whole, with incomes rising in both the agriculture and tourism sectors, people’s lifestyles also become 
more consumptive and communities’ water consumption levels rise, creating pressure on water resources. 

Figure 5 - An example of a Himalayan landslide
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On Shaky Ground 

Expansion of linear infrastructure and construction to support both decentralized agriculture and tourism 
(roads, telecommunications facilities, tourist accommodation, trading posts and physical markets for goods 
etc.) results in slow but continuous watershed degradation. Most roads in Nepal are built in unsustainable 
ways, often resulting in roads lasting just a few seasons and being washed away or badly damaged by rains. 
In the absence of coherent guidelines on linear infrastructure and road standards, roads keep getting built, 
and continue to fragment landscapes. Slopes and soil in some areas become destabilized, and development 
also increases erosion. As climate change causes more rain to fall in heavy storm events, erosion further 
intensifies between 2020 and 2030. 

One of the negative impacts of such increase in erosion and decreased slope stability is siltation in rivers. This 
becomes a growing problem for hydropower facilities by 2030, causing more wear and tear on equipment. 

The problem comes into extremely sharp relief in 2025 when heavy rains lead to an extremely massive 
landslide on a popular tourist trekking route. Several local residents, plus hikers, trekkers, campers and 
Nepali tour guides are killed when a mountainside collapses on them. The landslide also causes heavy 
damage to property and road links in the region and has an impact on tourist arrivals (figure 5). Poorly 
coordinated disaster management and response further exacerbates the negative consequences of the 
landslide and slope collapse.

Worsened Flood Events

The rush to commission more irrigation infrastructure (storage reservoirs and canals) as well as more 
hydroelectric facilities leads to developers circumventing the few environmental standards and safeguards 
that exist on paper. Structures are constructed that are not climate robust. Dam managers are not aware 
of and are not under any obligation to consider the cumulative impacts of dams on a river system or a 
single watershed. Risk and incidence of heavy rainfall events (with climate change) increases, thereby 
increasing the risk and incidence of floods. Due to the design of these structures not taking into account 
hydro-meteorological changes from climate change (including more intense heavy precipitation events), 
flood events are not well managed. These water infrastructure facilities also start experiencing more design 
and operation challenges due to elevated sedimentation.  

Pruning, and New Shoots of Growth
Water Resource Management at the Forefront 

Escalating competition for water between different sectors sparks debate both within the public and 
within Nepal’s decision making circles. Starting in just over 
a decade’s time, several marked shifts are made to ensure 
that water resources are managed carefully and to extend the 
benefits from such resources as widely as possible. 

Given the dominant water rights of sectors like agriculture and 
tourism, based on their connection to people’s livelihoods, 
hydropower development takes a backseat. Nepal decides to 
build only 10-12 GW of hydropower in total, instead of building 
out much more of the 40 GW of identified economically 
feasible potential. There is a shift towards more distributed 
micro hydro projects that can cumulatively add up to 3-5 GW 

Figure 6 - Farming in Kathmandu Valley
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instead of continued emphasis on larger projects. The benefit of such projects is that they can provide power 
to far-flung, rural areas and – if connected to a local micro-grid or even to the national grid – can provide 
revenue opportunities for the local communities if ownership vests with them and if they can sell excess 
power to neighboring communities. 

Zones that are considered sacred or important for religious tourism are declared off limits to hydropower 
development. Cumulative Impact Assessment (CIA) is introduced with basin planning to ensure the 
interrelationships between different water users are considered in the planning process. 

Agricultural Consolidation

In order to ensure that agriculture receives adequate and assured irrigation, and that agricultural expansion 
does not lead to widespread, dispersed watershed impacts, a strategy is adopted to consolidate agriculture. 
Special zones are earmarked for intensive agricultural development, and for the provision of necessary 
irrigation infrastructure. This also leads to greater focus on crops that have a relatively good water input to 
revenue generation ratio. 

To meet the expanded water needs of both agriculture and tourism (drinking water supply) across the 
country, Nepal’s government invests in a few strategic multi-purpose water storage projects, as well as 
small-scale initiatives and programmes such as water harvesting. Storage for irrigation takes precedence in 
certain basins over storage for hydropower. 

Watershed Management and Improved Siting 

Decision makers give high priority to stabilizing slopes and reducing erosion and siltation. This elevates 
watershed management to an unprecedented level. Stronger regulations are introduced to better manage 
siting of tourist facilities, routes of roads, and other man-made structures, taking into account increasing 
disaster risk as well as catchment area preservation needs. Integrated basin planning approaches are 
adopted and become the norm.

Along with stricter regulations about siting and more holistic planning to take into account the compounding 
impacts of agriculture, linear infrastructure development, tourism facilities, and other construction, Nepal’s 
government invests heavily in improving monitoring and enforcement. This ensures that the standards and 
best practices reflected in strengthened laws also translate into implementation. 

Ecologically Responsible Tourism

Nepal internalizes some lessons from tourism regulation in its neighboring country, Bhutan. Recognizing 
that travelers to Nepal are willing to pay a premium or a type of user-fees to protect and maintain the 
country’s rich, fragile mountain landscapes, Nepal starts encouraging responsible eco-tourism as opposed 
to mass-market tourism. The tourism industry in Nepal remains open to a broad spectrum of visitors (not 
just high-end visitors like in Bhutan), but all tourists are charged fees that go into a conservation fund that 
helps keep landscapes clean and functioning in a healthy manner. The fees are differentiated, and higher for 
more ecologically fragile areas, and slightly less for areas in the plans or already urbanizing regions.

Incentives for Eco-Friendly Agriculture 

Having seen the ecological havoc that can be wrought by a disorganized agriculture sector (including over-
abstraction of water and contamination through fertilizer runoff etc.). Nepal begins to pursue a goal of 
making the agriculture sector as sustainable, natural, healthy, and environment-friendly as possible. The 
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government provides training to farmers on low-impact farming techniques and the application of natural 
fertilizers. Additionally, it provides a host of incentives (including subsidies and rebates) to allow farmers to 
adopt more water-efficient irrigation technologies and methods. One such approach is the use of “Payment 
for Ecosystem Services” or PES. Incentive schemes are introduced to pay farmers and land owners in 
exchange for them maintaining their land and managing the land more responsibly. The government also 
starts promoting Ecosystem-Based-Adaptation and conservation agriculture to help the farming sector 
respond in a more resilient manner to climate change and shifting hydrological patterns. 

In the Bucolic Nepal Scenario, Nepal pursues economic opportunities in agriculture and tourism, relying 
on rich natural resources and robust ecosystems. Nepal’s agricultural exports benefit from geographic 
access to large neighboring markets, as well as cheap agricultural labor. The Tourism industry thrives 
due to the country’s Himalayan landscapes and sacred sites for religious tourism. Infrastructure expands 
to support growth in agriculture and tourism (e.g. roads, railway, irrigation facilities, storage reservoirs, 
canals, and hydropower to supply more energy to the growing sectors). Poorly planned and diffuse 
agricultural activity and unregulated tourism lead to destabilization of landscapes and put pressure on 
water supplies. The two sectors start competing for limited water. Due to both damaged landscapes as 
well as climate change, disasters increase and hurt the tourism industry. Nepal starts to remedy this 
by introducing standards and safeguards to make both tourism and agriculture more environmentally 
responsible, and it also implements more robust spatial planning.
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Chapter Three
Energized Nepal
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Off the Starting Block
Early Days: Harnessing Untapped Potential

As part of the recovery and reconstruction efforts after Nepal’s 2015 
earthquake, and the renewed national and international attention to 
infrastructure development in this mountainous country, Nepal reactivates 
plans to start developing its most powerful economic resource – as much as 
40,000 megawatts (or 40 gigawatts) of technically and economically feasible 
hydropower potential. Despite being ostensibly endowed with rich7  water 
resources (much of it present as ice and snow), Nepal’s installed hydropower 
capacity is less than ~700 MW. The government begins a rapid expansion 
towards the goal of 10 MW by 2020, by granting (or reviving) licenses to 
numerous hydropower projects (beginning with the 103 generation licenses 
that constitute 2400 MW green-lit before 2016, and the 24 survey licenses 
covering 4800 MW, issued prior to 2016). 

Strengthening Role of Private Sector

Coordination is a key challenge among the various ministries in Nepal. 
Moreover, many ministries including the Ministry of Energy do not have 
adequate technical staff and financial resources. To supplement its efforts and 
to actively shape hydropower development in Nepal, the Nepal Hydropower 
Association, the Independent Power Producers Nepal or the private sector 
in general become more generally influential and the expansion of private 
sector licenses continues unabated (even with the recent move to curb 
license speculation). 

Nature of Hydropower

The push for accelerated hydropower growth takes place in the absence of 
SEAs, coherent basin planning, spatial planning, or even basin optimization. 
The potential impacts of one project on river flows and hydrology – and 
hence the impact of the project vis-à-vis other projects upstream or 
downstream of it, are not explicitly assessed. Several projects get a fast-
tracked environmental clearance, and requirements for EIAs do not get 
effectively implemented. 

Since hydro-electricity is the driving force of all projects, the dams are 
constructed solely with a view to maximize power produced. Multipurpose 
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projects – with potential benefits for agriculture, irrigation, water supply and even tourism – do not factor 
in at all in the calculus. 

Enabling Environment for Investment 

The government of Nepal creates an enabling policy and regulatory environment for energy, especially 
hydropower. It also creates a favorable environment for foreign direct investment. The country’s steady 
macroeconomic profile attracts high levels of investment, and Nepal decides to harness its hydropower 
potential to the maximum. It aims to develop as much as 30 GW of the total potential of 40 GW, by 2035. 
It sets its sights on exporting hydropower to its neighbors and the broader region, to feed power-hungry 
growth across South and South-East Asia, while simultaneously meeting its own growing internal demand.

Burning Out in the Middle Stretch
Widespread Infrastructure Growth

The massive push to expand the hydropower sector results in greater construction activity around the country. 
New projects get underway on all of Nepal’s major river systems, spurring infrastructure development 
across the breadth of the country. More projects like Nepal’s Pancheshwar Dam (at one point slated to be 
the tallest in the world) are greenlighted.8 Road networks in particular are expanded to support carriage of 
construction materials to dam sites, but this is also accompanied by a growth in ICT infrastructure.

While the initial surge in economic activity, especially construction, results in Nepal having to import more 
fuel from its neighbors, slowly Nepal starts reducing its reliance on imported fuel, as hydropower generation 
comes online and becomes a dominant source of electricity for the economy and storage technologies 
improve. 

Concerns About Social and Ecological Impacts

Over time, social discontent starts emerging over ecological and landscape impacts from hydropower 
development. Construction equipment and the necessary linear infrastructure to support construction (such 
as roads) become a source of concern for several communities who witness their environment changing. In 
certain locations, communities get displaced and have to relocate, sparking political tensions. River flows 
display a steady decrease. The drying up of mountain streams (sources of drinking water for people and 
animals) is blamed on hydropower, as a result of the public misperception of diversion of water into main 
river channels and the alteration of catchment areas. By 2024, watershed functioning is negatively impacted 
in several regions, causing more vocal public 
debate about Nepal’s pursuit of hydropower. 
Many Nepalese oppose the impacts on fresh 
water ecology, such as altered fish migration and 
changing biotic environment due to temperature 
shifts. Conservation concerns increase. 

Concerns about altered ecological conditions 
also emerge within the hydropower sector 
itself. With growing infrastructure development 
(especially linear infrastructure including roads 
and transmission lines) sparked by hydropower 
expansion, some catchment areas experience 
deterioration; some landscapes at certain road Figure 7 - Landslide in Nepal (source: Wikimedia)
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sites or dam sites become degraded. This in turn leads to increased erosion and siltation, which – in 
combination with lower flows in the dry season – take a toll on hydro blades. This increases costs for the 
industry and shortens the lifespan of some hydro equipment. 

Climatic Disruption

The hydropower sector finds itself susceptible to the impacts of climate change. Increasingly, climate change 
manifests as inter-annual variability in the timing, volume, and spatial distribution of rainfall. While the 
monsoon strengthens and Nepal sees more incidents of heavy rainfall, there is ever greater variance in total 
volumes between one year and another, jeopardizing Nepal’s ability to provide constant flows of electricity 
from all of its many hydropower sites. Rainfall increases in the wet season, causing run-of-river dams to deal 
with frequent heavy overflows, but water levels fall markedly in the dry season. Such impacts are apparent 
by 2025. 

Even as the hydropower sector grapples with how to deal with such increasing variability, disaster strikes 
in the form of a large and devastating flash flood like on the Seti river. Over time, the wasting away of 
mountainsides from deforestation, degradation from land use change, and the disruption caused by 
infrastructure growth resulted in erosion and debris accumulation. Nepal’s frequent small earthquakes also 
contributed to the build-up of a large landslide dam. In 2025, excessive precipitation in a heavy rainfall 
event leads to the collapse of the landslide dam, resulting in flash floods that take a heavy human toll and 
cause extensive property damage. 

Disruption in River Flows Due to Lack of Dam Coordination

The lack of attention given to siting and basin optimization by 
Nepal’s hydropower generation regulator starts manifesting in 
poorly managed flows in several rivers. Different developers have 
designed their projects to operate with different flows, and manage 
their projects in isolation. During both periods of heavy rain and 
during the dry season, this lack of coordination and harmonization 
results in chaos between the different projects in terms of flows 
and releases. In one particularly egregious instance, it results 
in flood waters causing damage both to dam infrastructure and 
to a surrounding town, because of poorly coordinated flood 
response between two different private dam operators who do not 
communicate with each other and run their operations in isolation.

Encroachment on Opportunities for Other Sectors

Expanding hydropower interferes with the development of tourism in some locations. Hydropower sites, 
especially the larger multipurpose projects and storage reservoir projects, alter vistas that make some 
sub-basins less attractive destinations for tourists seeking raw natural landscapes. The projects create an 
industrial landscape in some areas that decreases the draw for ecotourism and nature-based tourism. With 
hydropower as a dominant user of water in several sub-basins, other opportunities (such as agro-processing 
industrial units) are not adequately explored in such areas, limiting economic diversification. 

This combination of negative social, economic, and human safety impacts propel the government of Nepal 
to make shifts in policy and introduce or strengthen safeguards, ushering in a new phase.

Figure 8 - Aftermath of a flood in Nepal 
(source: Wikimedia)
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Sprinting Ahead
Disaster Management

In recognition of the threats posed and tragedies already caused by climate change and Earthquakes to the 
hydropower sector, Nepal invests heavily in integrating disaster risk planning, reduction, and management 
into hydropower development. Nepal integrates GLOF and other climate change disaster risk into project 
evaluation criteria, and mandates that designs of projects be as climate-robust as possible even in the face of 
some uncertainty about climate scenarios for the region. Keeping disaster management in mind, Nepal also 
moves towards a model where it starts focusing hydropower development on a few high-flow catchments 
rather than everywhere, reducing the across-the-board risk of disrupted ecosystems and disasters. 

Damage Control: Management of Ecological Impacts

Responding to both domestic concerns and international feedback, Nepal strengthens its existing Strategic 
Environmental Impact Assessment regime (which previously existed more on paper than in actual 
implementation. Nepal also introduces strategic Cumulative Impact Assessments shortly after 2025, 
and draws on international standards and best practice as it reinvents its environmental safety regime. 
Nepal prioritizes strategic CIAs that take into account a wider range of climate variability, disaster risk, 
medium-to-longer term ecological impacts etc. Starting around 2030, Nepal also increases protections 
for aquatic biodiversity, creating stricter guidelines for projects on the technologies required to mitigate 
impacts (for instance, advanced fish ladders with measurable benefits). Based on ecological considerations 
and considerations of fragile, seismically sensitive landscapes, Nepal also designates “No Go” zones for 
hydropower development.  

Hydro as a Broader Economic Resource

As the hydropower sector starts becoming more regulated and better coordinated, the nature of hydropower 
in Nepal also starts diversifying, as a result of more coherent policy guidance. Between 2025 and 2030, 
several factors coincide to create a policy shift within the Nepal hydropower sector towards the building of 
more storage reservoir projects. On the one hand, such storage is viewed as increasingly critical to protect 
the hydropower industry against climate variability and change, and to ensure a steady supply of water all 
year round and especially in the dry season when river flows fall to particularly low levels. Additionally, 
the interest in multipurpose projects grows, and several multipurpose projects are commissioned. These 
typically involve the development of large reservoirs (for fishing, tourism, irrigation and drinking water 
supply etc.). 

This shift also reflects a changing view of hydropower development as something that not only generates 
foreign investment and revenue flows, plus construction labor jobs for Nepalese, but rather as a driver of 
economy-wide growth. Hydropower is seen increasingly as a resource for other users, and as supporting 
productive economic activity in industry, services, agriculture, tourism, urban development etc. The 
government also reconsiders the push towards 30 GW of installed generation capacity, and revises the goal 
to a more modest 20 GW by 2035, so that planning and implementation of hydropower growth can happen 
in a measured, phased, and more environmentally responsible manner. 

Integrated Energy Planning 

By 2030, between the impacts of climate change and the ecological degradation, there is a widespread 
desire to see the public sector play a more proactive role in energy sector planning, especially to bring 
order to the private-sector driven development in hydropower. The government explicitly takes a multi-
sectoral approach to energy planning, and adopts tools such as spatial planning. It mainstreams integrated 
water resource management (IWRM) into energy sector planning. Nepal’s government also starts adopting 
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a longer-term view of the hydropower sector, based on the fact that Nepal’s surplus generation could 
be integrated into regional grids and sold to regional markets. This informs a more strategic approach 
to hydropower development, to not only meet domestic needs in a sustainable way, but to also provide 
assured, regular, reliable supply of surplus power to regional electricity markets. This type of broader 
view necessitates that coherent guidelines are put in place about minimum flow requirements and other 
safeguards that ensure the hydropower sector’s sustainability in the long term, by focusing on the long-term 
healthy and robustness of the water resources and river systems that underlie hydropower. 

In basins where hydropower is developed, Nepal moves towards a model of building storage upstream at a 
few earthquake-resilient sites, with a series of cascading dams downriver, particularly to create resilience 
against climate variability and change.  

With an adequate supply of electricity for both export and domestic consumption, Nepal moves towards 
a future where hydropower is capped at 20 GW, but where the remainder of the 20 GW is developed with 
deliberation, with strategic intent, and with high levels of social and environmental safeguards. This level 
of growth would enable power exports (and help Nepal honor regional power purchase agreements), the 
generation of adequate power to boost domestic economic activities across sectors, and yet allow Nepal to 
develop the sector in a manner that’s safe, with safeguards and adequate disaster management protocols.

Private Sector Stewardship 

In WWF’s parlance, “water stewardship” is about businesses understanding the risks they face from water 
scarcity and pollution, and taking action to help ensure water is managed sustainably as a shared, public 
resource.

In Nepal, as the public sector strengthens the management of water resources, industry simultaneously 
recognizes that it is integrally connected to Nepal’s water resources. Hydropower developers start becoming 
strong champions of natural resource management, given that their operations depend on the health of 
natural capital and the safety of their assets is also affected by water. Thus the private sector, including 
industry associations, becomes strongly engaged with stewardship and shared value. 

In the Energized Nepal scenario, Nepal accelerates hydropower development as a means of attracting 
foreign investment, catalyzing revenue flows, and supporting employment in the construction sector. 
Nepal pushes forward aggressively towards its goal of 10 GW installed generation capacity by 2020, 
with the private sector playing a more dominant role than the government. Regional electricity trade 
opportunities propel Nepal towards setting a target of 30 GW by 2035. This level of ambition calls for 
expansion of linear infrastructure to support such widespread hydropower construction. Vast numbers 
of hydropower projects are licensed and commissioned through a system that lacks coherence. This, 
coupled with infrastructure impacts, leads to ecological degradation and an increase in disaster risk 
from poorly planned hydropower. After a particularly preventable disaster arising out of uncoordinated 
operations by private operators, Nepal’s hydropower sector starts to mature, with the government re-
establishing its role in regulation and the implementation of environmental and social safeguards. 
The country starts adopting an integrated energy planning approach with basin optimization, moves 
towards more multipurpose projects, spatial planning, strategic flow requirements, and cumulative 
impact assessments. Over time, hydropower becomes a key resource that drives growth across multiple 
sectors of the economy, supporting productive activity and human resource development as a result of 
better access to electricity services.
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Chapter Four
Impacts, Tradeoffs, and 

Pivot Points
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Water-Resilient Economic Development in Nepal: 
Impacts and Tradeoffs
The preceding chapter examined three distinct economic trajectories that Nepal could take, depending on 
which of its water-reliant economic sectors becomes the engine of growth, or which of such sectors (or 
combination of sectors) Nepal opts to actively prioritize to generate revenue, employment, and to establish 
an identity for itself in regional and global markets. 

As Nepal pursues a combination of various economic and development goals, it is likely that it will see the 
manifestation of each of the three scenarios. Instead of having one monolithic future based on one scenario – 
to the exclusion of the others – Nepal will probably see elements of each scenario emerge; different scenario 
elements will play out at different times in different regions and elevations in Nepal, but will also very likely 
overlap spatially and temporally.  

Given the water-dependent nature of the sectors driving the scenarios – urban-based services, agriculture, 
tourism, and hydropower – it can be reasonably expected that as each sector expands, its claim on Nepal’s 
water resource base will also grow. As such, given the finite nature of freshwater resources, these competing 
claims will give rise to trade-offs: choices about the extent to which any one sector’s water needs may be 
accorded preeminence over another’s. 

Major Tradeoffs 
A tradeoff is defined as “a balance achieved between two desirable but incompatible features; a compromise.”9  
In other words, tradeoffs are situations where one must choose between or balance two things that cannot 
be had at the same time.10 Often they are results where one must choose to ‘sacrifice’ one or more elements 
that one would want in an ‘ideal’ situation, but must relinquish in order to have something deemed even 
more important. 

The development of water-reliant economic futures for Nepal suggests that Nepal’s future is a future of 
choices – choices that must be made at every stage about the use and allocation of water, as well as the 
preservation and management of this critical resource that multiple economic sectors depend on. Despite 
its theoretical abundance of water (for instance, measured by total freshwater availability), Nepal’s water 
resources are not so ample that all streams of economic activity can take this natural capital for granted 
for their own use at the same points in time, at the same location, without limits. Even greater than the 
challenge of aggregate volume and availability is the problem of spatial distribution and availability; while 
some settlements in high elevations may continue having reliable mountain streams, other regions may 
see their streams dry up. Similarly, some valleys could face greater water scarcity than others. But these 
areas with constrained water access may very well overlap with areas of high economic activity, creating 
elevated water stress in some locations. Nepal may have to consider which geographic regions it will invest 
in to provide assured water supply, and which regions are less of a priority for water access. This will be 
particularly challenging in the context of a federal system, where equitable and fair growth of different 
provinces is a political imperative (and where the very act of water resource prioritization could have 
political, law and order, and even transboundary ramifications).

Specifically, Nepal will have to consider water-related tradeoffs within the following areas:  
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§	Reliability of and Access to Water Supply: Nepal could increasingly face allocation challenges between 
different water users within the same catchment, and perhaps even at an economy-wide level. Several 
districts in Nepal already report that they do not have adequate, perennial, reliable access to the volume 
of water needed. Low dry season fl ows in some rivers already pose diffi culties for different users. This 
is expected to worsen with climate change. This has signifi cant implications for who uses how much 
water in the dry season in Nepal – human settlements (for drinking water), agriculture, tourism, 
manufacturing and services industries, or hydropower. Even if allocation is strictly prioritized according 
to Nepal’s Water Resources Act of 1992, this has implications for Nepal’s economic sectors and how 
robust their growth continues to be. Similarly, even with the decision to build water storage to increase 
year-round reliability of water, there are likely tradeoffs in upland areas between storage for irrigation 
and storage for hydropower. 

§	Competing uses of Land in Catchment Areas: The water supply issue described above is closely tied 
to land use in catchment areas. The type of land use that Nepal prioritizes in each region (through 
integrated land use planning or other planning mechanisms) will have an impact on both water quality 
and quantity, depending on how the land use affects water resources. The development of linear and 
built infrastructure can alter the ability of watersheds to recharge. Extraction for irrigated agriculture 
could also deplete groundwater tables and, in lower elevation areas, this can reduce seepage of water 
into the streambed, altering river hydrology (especially in the dry season). The development of human 
settlements and growth in urban activities increases demand for human water consumption and 
sanitation. This, of course, would mean less water for agriculture. 

§	 Infrastructure Growth with Impacts on Watershed Integrity and Stability: As Nepal’s different economic 
sectors grow, their need for land and land-based support infrastructure will also expand. Certain sectors 
will fi nd specifi c locations within Nepal – and specifi c river basins and catchment areas – particularly 

	

 Water	Related	Tradeoffs	in	Nepal’s	
Future	

Figure 9 – Water Related Tradeoffs in Nepal
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attractive for their needs, while other sectors may also hone in on the same locations for their own 
needs. As economic activity on the whole increases for each of the water-dependent sectors under 
consideration, impacts of their activities on the actual physical integrity of watersheds (such as through 
erosion) will increase as well. In particular, encroachment from agriculture or commercial forestry is 
possible if the sectors expand or intensify. This could have serious ramifications on watershed stability. 

These types of physical changes in the stability and integrity of catchment areas also affect how resilient 
land is in the face of natural hazards. Thus, choices about how water-dependent economic sectors utilize 
the country’s water resources could also mean choices for Nepal regarding its vulnerability to disasters. 
Nepal is located in a seismically active area, and climate change is expected to add additional dimensions 
of disaster risk in the form of GLOFs, flash floods, forest fires, and landslides. Decisions Nepal makes 
about the growth of each economic sector – including in spatial terms – could have implications for how 
vulnerable Nepal allows itself to be to major natural disasters and the scale of impacts that could result 
as a consequence of any disasters. Specifically, activities and water use upstream will have implications 
for downstream disaster risk and vulnerability. 

Earthquakes, unfortunately, have emerged as a fact of life now in Nepal. The incidence of certain other 
types of natural disasters such as flash floods and landslides has also increased in Nepal since the turn 
of the century, compared with the pre-2000 era. With climate change, the occurrence and intensity of 
the latter disasters (i.e. non seismic events) is likely to increase, as is the prevalence of GLOFs. Thus, 
disasters are likely to result in an increasing economic burden in Nepal over time. However, depending 
on the type of economic growth model adopted and the manner in which water resources are managed 
within such a model, the impact of such disasters could be mitigated to some degree. For instance, if 
hydropower stations are not built in great numbers in high elevations, this could reduce the exposure 
of hydro facilities to GLOFs. Similarly, if infrastructure for tourism or hydropower or industry is built 
in a somewhat measured manner, in less geologically unstable zones, then this could reduce the risk of 
landslides or flash floods during heavy rains. 

Given Nepal’s already-overstretched capacity for disaster management and disaster risk reduction, and 
the ongoing pressures on the disaster management authorities (in relation to earthquakes, but also 
floods and landslides), it is imperative for Nepal to consider disasters as it weighs different tradeoffs. 
This is not only because of the immediate costs of disasters in terms of loss of life and property and 
damage to natural resources / landscapes, but also the long-term costs and consequences of disasters in 
an economy so heavily dependent on natural resources and where economic growth requires unimpeded 
mobility across difficult terrain. 

§	Downstream Water Quality and Flow Impacts: Nepal should expect to face choices or tradeoffs regarding 
water quality, especially in downstream areas. As agriculture expands upstream, farm runoff could 
become a consideration for water quality downstream. Much more significantly, urban growth and/
or agro-based processing expansion in parts of river catchments would have implications for water 
quality downriver. Impacts on downstream users and ecosystems could mean water quality challenges 
for tourism and agriculture, depending on their locations. Agriculture and human water supply in the 
densely populated Terai could also be affected. Siting of facilities and settlements plus enactment and 
enforcement of water quality regulations are amongst the choices Nepal must make on water quality. 

§	Large Dams for Multipurpose Use but with Ecological Ramifications: As Nepal’s population disperses 
into towns and cities in the mid-hills, and as urban growth takes place across all of Nepal’s provinces, 
the need for assured water supply for domestic and small commercial (including tourism and service 
sector) purposes in these settlements will increase. At the same time, the demand for irrigation will 
increase as agriculture too expands into and within the hills. The regular flows of rivers will become 
increasingly critical for hydropower facilities as well (and hydropower itself will face exponential growth 
due to increasing energy demand from an economy growth at between 3-5% per annum, and for Nepal 
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to achieve universal access to adequate energy services). All these water uses speak of the need for 
storage. One way to meet the need for storage is to build larger, multipurpose dams with reservoirs. 
However, doing so will come with its own set of water-related consequences, in the form of ecological 
impacts. Not only do dams (even run-of-river dams but especially storage dams) alter a river’s aquatic 
ecosystem (changing nutrient availability for fish, altering the movement of fish stocks, changing 
dietary availability for bird populations that depend on fish etc.), they also change the river in ways 
that affects downstream hydropower facilities. Large dams themselves are also impacted by changing 
ecosystems in the mountains. For instance, expanding agriculture (especially on previously forested 
land), infrastructure development on slopes, and human settlements and traffic often lead to more 
sediment flow into rivers, and increasing sedimentation-related O&M costs for the hydropower sector. 

While all of these are relatively common water-related tradeoffs, they take on a specific character in Nepal’s 
context. This is because of the sheer scope for change from the current baseline to a significantly different 
state, given the rate of both population and economic growth in Nepal. Even in the present-day situation, 
Nepal has problems with water supply access in some regions, and with water quality challenges in several 
locations. Even with a purely business-as-usual development model, water resources in Nepal would 
come under pressure. However, the imperatives of lifting the country out of poverty, providing economic 
opportunities across different provinces and communities, and leveraging the country’s rich natural 
resource base to create prosperity suggest strongly that Nepal’s water resources face the prospect of radical 
transformation in coming decades. 

The scenarios make the case that several water-related challenges are likely to arise – at the very least in 
some places at specific times in the future as the economy continues to grow. This is likely regardless of 
which key economic sector expands and becomes a driver of growth. 

In light of the major tradeoffs identified above, one critical insight emerges fairly quickly: the management 
of spatial patterns of development -- and the spatial linkages of development with extreme climate 
events (such as floods or GLOFs) or difficult climatic impacts (periods of low flows in rivers) -- will be 
central to the resilience of Nepal’s economy in the future.  

Factors That Could Influence the Tradeoffs
The following broader macro-economic and institutional considerations will potentially guide the nature of 
Nepal’s economic trajectory and thus have implications for its catchments and water resources.  In other 
words, these factors are relevant to how the tradeoffs identified above will manifest and be dealt with. 

§	 Impact of Returning Global Diaspora: Nepal boasts a strong diaspora across South Asia and the Middle 
East (as well as smaller groups of immigrants across other parts of the world). As opportunities within 
the service sector as well as other commercial activities increase, a section of this diaspora will likely 
return to Nepal to take advantage of such growth opportunities. Many such returning economic migrants 
would have observed certain aspects of water resources management elsewhere, or may return with 
savings and additional income-streams that strengthen their economic power in Nepal. If the returning 
diaspora lends support to Nepalese demands for improved water related decision making in the country, 
or if Nepalese still abroad become increasingly critical of Nepal’s management of its natural resources, 
these varying processes can have an impact on Nepal’s water resources.   

§	 Sources of Finance and Investment: The sources of finance and investment in each major water-dependent 
economic sector in Nepal will possibly play a role in the sector’s posture towards water resources. 
Domestically generated finance, finance from neighboring countries, and development finance from 
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multilateral lenders – each will come with its own prerogatives. External finance introduces different 
challenges from a domestic finance, which can reflect a domestic driven agenda. The source of finance 
can have a bearing on decisions such as the type or scale of activity to pursue or the siting of particular 
facilities, or the commodities to produce for export etc. Thus, as Nepal potentially diversifies its sources 
of investment and finance, the implications for its water resources will also see a shift. In the short-
term, one of the larger sources of funding in Nepal is through reconstruction and recovery finance to 
help the country rebuild after the earthquake. Much of this comes from donor countries or multilateral 
donors and lenders. Such funding streams may come with their own pre-requisites and conditionalities 
regarding sustainability and environmental/ecological safeguards, or may be even be directed explicitly 
at water resources projects including water supply assurance and sanitation projects.  

§	Level of Institutional Capacity and Coordination: As Nepal navigates the transition into a federal form 
of government that will be more decentralized, its emerging democratic institutions have the task of 
managing unprecedented growth in a range of economic sectors. Internal and external experts and 
commentators have identified inadequate institutional capacity and underperforming governance 
structures as one of Nepal’s biggest development challenges. There is already a need for strong standards 
and regulations, and for Nepal’s policy frameworks to be brought up to par with international best 
practice. Even where strong technical capacity exists, different departmental functions operate in a 
siloed manner, and coordination has significant scope for improvement. The extent to which decisions 
are or are not made in a fragmented manner in the future has major implications for water resources in 
the country. 

In Nepal today, there isn’t a long history of participatory and integrated/aligned natural resource and 
infrastructure management, and thus decisions are already being made without the necessary policy 
coherence (for instance, the issuance of hydropower licenses to a large number of licensees, many 
of which do not intend to build projects but merely resell the permits…with the added risk of these 
disparate projects being designed and built without any coordination or alignment at a basin level). The 
challenges of cross-sectoral water resource management call for more capacitated staff, with greater 
resources.

§	Export Versus Domestic Focus: Nepal’s economy is currently export-oriented in terms of human 
capital with cross-border movement of labour services being a primary driver of foreign exchange 
earnings. However, as a landlocked, mountainous country that has not yet developed its resource base 
optimally, Nepal is also heavily reliant on imports (both for essential food supplies and for fuel). Nepal’s 
recent challenges with fuel shortages, which disrupted economic activity country-wide, may prompt 
the country to prioritize energy (particularly power) self-sufficiency. It may also ramp up domestic 
electricity production to export, so that these export revenues offset the expenditure on imported liquid 
fuels (which will likely continue). This potential shift also has implications for water use and allocation 
in the country.  

§	Level of Information on Environmental and Social Impacts: At present, Nepal collects some datasets 
of relevant information regarding the composition and performance of economic sectors, as well as 
environmental and social indices. It is not adequately clear whether the range of environmental and social 
data collected is comprehensive, but in all probability critical gaps exist that impede a full understanding 
of the state of Nepal’s water resources at all levels. It is also not evident that Nepal is actively able to 
process, synthesize, analyze, and identify existing or impending trends in the environmental and social 
information it gathers. As the country’s capacity to develop a robust evidence base grows, along with the 
ability to cull out findings about environmental and social impacts (present and future), this will have a 
bearing on how the government manages Nepal’s water resources. 
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Pivot Points: Decisions That Could Determine Nepal’s Water Resilience 
The broad factors articulated above have implications for what kind of tradeoffs Nepal will face regarding 
its water resources, and how those tradeoffs may be determined. It is valuable to further interrogate the 
specific types of decisions that Nepal is likely to make about its economic future because these are the points 
at which – with or without an explicit intent to do so - water resources related choices will be made. 

Figure 10 – Ten Pivot Points in Nepal that could shift trajectories

A. Choice of Macroeconomic Growth Model 

 Nepal’s economic planners and decision-makers have to consider which segments of the country’s 
economy will receive priority to drive growth. Large sections of the Nepali population current live 
on subsistence agriculture and forest-based livelihoods, thus reflecting a primary economy in parts. 
However, the growth of secondary sector enterprises (based on primary raw material) already indicates 
a shift (e.g. textiles, or paper products). Simultaneously, Nepal already also has the trappings of a tertiary 
economy, with a growing service sector (e.g. tourism and hospitality; this sector also includes export of 
labor services). While Nepal will likely continue to reflect elements of all three in different locations, it is 
critical that the country’s planners prioritize one particular economic model so that development can be 
focused in that direction. This will also inform the allocation of resources (including water resources). 
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B. Influencing Water Use Through Water Policy Frameworks

 Nepal currently has several older water policy instruments and legislative frameworks that inform the 
country’s economic and environmental decision makers. However, several of these are outdated, and 
others that have been in recent development have yet to be formally adopted or finalized. With the 
move to a provincial model of federal government, these frameworks and instruments also need to be 
translated into, and applied within, the provincial context. Clarity in policy direction can be increased by 
updating, and aligning, instruments including (but not limited to): the soil and watershed conservation 
act 1982; solid waste management act 1987 and regulations 1989; water resource act of 1992; forest 
act of 1993; water resource regulation 1993; environmental protection act 1996 and regulations 1997; 
drinking water regulation 1998; irrigation regulation 2000; water resources strategy of Nepal, 2002; 
national water plan of Nepal 2005, Hydropower Development Policy 2001, Industrial Policy 1992, 
Electricity Act 1992, Electricity Regulation 1993 etc.

C. Planning for Demographic Shifts – Spatial Distribution of Urban and Industrial Hubs 

 Nepal’s economic decision makers have to take into account demographic trends, including both 
aggregate population growth as well as rural-urban migration. Where and how urban or human 
settlement growth is enabled will create high demands for water supply assurance and will result in 
water quality impacts. This is also true of the siting of industrial facilities. Ensuring that processing and 
small manufacturing industries in Nepal are competitive regionally or globally would probably require 
access to cheap electricity (such as from hydro), and efficiency and performance in the industries would 
require reliable water supply, potentially facilitated through the construction of storage. It will be 
important to ensure both an adequate level of water quality standards and a commensurate level of 
implementation and enforcement. Siting of both urban and industrial nodes will also have implications 
for disaster management, both in terms of increasing vulnerability of a region if unwisely sited, and in 
terms of the threat to the population and facilities themselves if sited in a high-risk zone. 

D. Design and Implementation of Agricultural Model, Including Nature of Irrigation

 Nepal may opt to expand support for smallholder farmers to strengthen domestic food security and self-
sufficiency (with the goal of reducing imports and dependence on neighbors), or to foster commercial 
agriculture geared towards exports, or it may do both. The manner in which this is done will have a 
bearing on water resources. Where this uses irrigation, there will be impacts on downstream water 
availability during low flow periods, and possible impacts on catchment integrity. Greater irrigation 
needs would likely also mean a continued demand for cheap energy to enable affordable pumping. 
Another element of the agricultural model that has significant implications is the choice of crops that 
Nepal opts to prioritize and grow in large volumes. Different crop types require different levels of water, 
and thus if Nepal makes choices about crop types without taking into consideration their water use, 
this could lead to particularly high water consumption by the agricultural sector. Thus, Nepal’s choice 
of major crops to expand cultivation should not necessarily be made purely on societal, cultural, or 
economic grounds, but should also take into account water needs. Choice of agricultural model also has 
implications for water quality, since commercial agriculture could lead to a spike in chemical fertilizers 
and pesticides, with the associated runoff impacts, including decreased productivity of soil and water 
contamination from seepage.
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E. Sectoral Model for Hydropower and Energy Development – Including Dam Design and 
Operation

 As the hydropower sector evolves and becomes a support for or a driver of a wider range of opportunities, 
Nepal will make decisions about dispersed or separate schemes versus single series schemes, storage 
based hydro or decentralised micro hydro, multipurpose projects versus power generation projects etc. 
It will also weigh cumulative impacts as its makes decisions. Similarly, it will evaluate whether and how 
hydropower could be domestic oriented as opposed to mainly export oriented.  This has implications for 
ecosystems and people. 

 The reason export orientation versus domestic use of power can affect the nature of hydropower growth 
in Nepal (including the type and size of facility) is because Nepal’s domestic market is finite; even with 
growing demand and unmet latent demand, Nepal theoretically has adequate hydropower potential to 
be self-sufficient in terms of power. Situated close to larger economies like India and China, Nepal’s 
theoretical export market is extremely large, with far higher demand and growth. Even with greater 
urban power demand or demand in the agricultural and tourism sectors within Nepal, the amount of 
cheap hydropower it would need to meet domestic purposes would still allow for a small excess it could 
generate in pursuance of a large and power-hungry export market. Thus if Nepal’s hydropower story is 
domestic oriented, it may find itself targeting fewer GW of hydropower overall; it may reduce the need 
for storage (for hydropower); it may choose to build on some basins and not others (based on where 
domestic demand is, rather than where export-oriented transmission grids could be located), and it may 
opt for more small and micro hydro, as opposed to medium or large sized projects. 

 One of the most critical decision points regarding hydropower is the decision to conduct Cumulative 
Impact Assessments. Nepal needs to adopt this approach, and cumulative assessments need to be 
implemented at a basin and sub basin level. Nepal’s decision, i.e. choice about how much importance 
to give basin-wide cumulative impact assessments and how central these could be in the decision 
about hydropower could have a profound impact on the future of both hydropower development and 
river basin management. The move towards obtaining more robust and concrete understanding about 
cumulative impacts of development on the river basin could be a crucial pivot point or decision point 
that influences future outcomes. 

 Nepal will also have to grapple with decisions about the purpose and siting of water storage, and how it 
will pursue greater storage to underpin its development and economic growth. In doing so, it will have 
to weigh questions of hydropower efficiency, agricultural irrigation, community water supply, urban-
industrial supply, and disaster risk. How these decisions on water storage are handled will have impacts 
on river connectivity and water resource quality (e.g. eflows). 

 Water storage in Nepal is clearly a necessity, to meet growing water needs of urban areas, as well as to 
supply irrigation water for agriculture (which is mostly rain fed at present), and to assure water supply 
for the revenue-earning services sector and tourism. These needs are particularly evident in scenarios 
1 and 2. In scenario 3, storage is also required, however it is primarily for hydropower, rather than for 
irrigation. Thus, depending on the type of future Nepal embarks upon, it will be faced with decisions 
about building more water storage. The location of such storage and the amount of such storage on 
each basin imply tradeoffs for other sectors. For instance, more irrigation-oriented storage close to high 
agricultural productivity areas in certain basins could mean less storage options for hydropower in the 
higher elevations of the same basin. Similarly, more water storage for urban or industrial water supply 
to meet human consumption needs (which is more likely in lower elevations, downstream, because most 
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towns are in the valleys and – in the future – in the mid-hills) could mean less storage for agriculture or 
hydropower farther upstream in the same basins. Since not all types of storage would be possible in all 
basins, choices will have to be made.  

F. Policy Frameworks for and Approaches to Land Use 

 Land is a scarce commodity in Nepal, given the mountainous terrain and inhospitable locales that 
characterize the vast majority of the country. However, between the fertile Terai, the mid-hills, and 
the valleys, Nepal has significant swathes of land where development can be expanded or intensified. 
As economic opportunities in Nepal grow, so will competition for land. The government must think 
ahead and adopt cogent policy approaches and frameworks for guiding land use (such as through an 
integrated land use planning approach, couples with spatial planning). Land use planning often takes 
into consideration added value or improvements on land; given the value of water and its role in 
supporting several key economic sectors, such planning should definitely take into account land use 
impacts on water. 

G. Planning for Linear Infrastructure Development 

 Depending on the economic sectors that determine Nepal’s trajectory, a significant expansion of linear 
infrastructure will occur (this expansion is, in fact, already planned for and is already being initiated). 
There are concerns in Nepal at present about the sustainability of roads, given that many are poorly 
planned and construction quality is inadequate, with some roads lasting just a few seasons. Whether 
it would be an urbanized services based economy, or an export oriented services or agricultural 
economy, a community-based agriculture economy, or a tourism based economy, road networks and 
transportation hubs are likely to grow. Transmission lines for power and ICT infrastructure will also 
play a role in supporting economic growth. Such infrastructure development may both contribute to 
and be vulnerable to water and climate related disasters (such as flash floods and landslides). Moreover, 
these are likely to cause catchment deterioration downstream and contribute to watershed instability 
and erosion. Thus, planners should use linear infrastructure planning as an opportunity to examine the 
impacts of such decisions on water resources, and improve both the planning and construction of such 
infrastructure to reduce impacts on landscapes.

H. Selection or Strengthening of Level of Environmental Standards and Safeguards 

 Nepal’s current posture appears to be towards streamlining environmental safeguards and requirements 
so as to accelerate certain types of economic development (for instance, fast-tracking or altogether 
circumventing Environmental Impact Assessments in the case of some infrastructure projects). Even 
where environmental standards do exist and are applied, the application is inconsistent and enforcement 
is inadequate. Thus Nepal’s economic decision makers will have to address the question of whether, 
how, and to what extent environmental standards and safeguards would be strengthened – to protect 
and manage the quality and quantity of a key economic resource such as water – and how the use of 
such frameworks or instruments can be used to guide sustainable economic growth that takes a longer 
term view of natural capital. Reviewing best practice from international settings or closely examining 
approaches suggested by multilateral partners may be helpful to such decision making. 

I. Institutional Development through Constitutional Change and Federalism

 Nepal has emerged out of a period of institutional tumult and uncertainty, and has recently adopted a 
new Constitution that promulgates a federal structure for governance. As Nepal finalizes the structure 
and powers of its provinces, and as it builds institutional arrangements for this new approach, the design 
of such governance architecture is itself an opportunity to influence water resources in the country. The 
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sharing of powers between the centre and the province on a host of matters can affect decision making 
directly on water issues, as well as indirectly through a range of other economic topics. Beyond the 
institutional architecture on paper, capacitation of institutions at the central and provincial level will 
also have a bearing on water resource management.

J. Level of Private Sector Capacity and Engagement 

 Nepal’s private sector has already emerged as an engaged, energized force that finds and leverages 
opportunities, creating value within the economy. The country’s government can opt to proactively 
engage the private sector in an organized, goal-oriented manner, and to encourage and support the 
private sector’s contribution to economic growth across sectors. As this involvement grows, the private 
sector will increasingly be able to shape and influence natural resource related decisions and policy 
approaches, including on water. Recognizing the range of risks to the country’s economy (and specific 
sectors) from mismanaged water resources, the private sector could pivot towards playing a greater 
stewardship role. On the other hand, the government could also seek to manage the private sector’s 
impact on water resources by creating or strengthening regulatory frameworks and standards. Thus, 
public-private engagement in Nepal could spur a range of decisions in Nepal, with varied impacts on 
water.
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Chapter Five
The Way Forward
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Opportunities to Build Resilience
This report is not meant to propose answers to Nepal’s economic development decisions, but rather highlight 
the opportunities to make the plausible development trajectories more resilient in terms of water resources. 

Key opportunities are described below: 

1. Introducing Water-Dependent Policy Frameworks

 Uncertainty related to governance and constitutional mandates in Nepal has also given rise to some 
uncertainty regarding the country’s current water-related policy and regulatory landscape. While Nepal 
has in place instruments like the Water Resources Act of 1992, water resources regulations of 1993, 
the environment protection act of 1996 (and regulations of 1997), a water resources strategy of 2002, 
a national water plan of 2005 (and other policies or regulations pertaining to wetlands, irrigation, 
drinking water and related matters), many of these are outdated and need updates. Moreover, the legal 
validity and applicability of some, within the new federal structure, might need to be revisited and at the 
least there would be modifications required.

 Beyond these fundamental policy instruments, Nepal also needs to construct coherent policy about 
energy planning and how a critical resource like water would be shared for hydropower (as well as the 
benefits accruing from the hydropower sector). Similarly, Nepal needs a policy on the linkages and 
tradeoffs between tourism and agriculture, and what should guide the model in different parts of the 
country. Policy guidance is also critical to ensure private sector involvement in the water sector – be it 
in relation to hydropower or water purification and drinking water supply – is managed responsibly and 
in a well-coordinated manner.

 This would contribute to more enabled and better guided decisions.

Figure 11 - Opportunities to Build Resilience in Nepal
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2. Adopting Nepal-Relevant Water Management Instruments 

 A variety of planning approaches and tools exist to support the adoption and growth of specific economic 
trajectories. If Nepal wishes to actively influence outcomes, while managing the water resources that 
both affect and are affected by the outcomes, it must use some of these management instruments 
strategically, with care and deliberation. Economies in Europe and North America, as well as Asian 
economies like Singapore, Korea, Japan etc. have used green instruments and approaches around water 
that are consistent with a sustainable economic trajectory. 

 In a similar manner, economic planners, policy makers, and other decision makers in Nepal’s government 
currently have at their disposal a number of decision tools and management instruments that inform 
economic decisions. Separately, water planners also have a host of tools and management instruments 
to assist with water resource decision-making. However, there is inadequate coordination between the 
wider economic planning stream and the water resource planning stream in Nepal. Given the critical role 
of water resources in Nepal’s economic trajectory, regardless of which major sector gains prominence, it 
is advisable that water resources planning and management instruments should be mainstreamed into 
broader national economic planning. 

 Thus, even for larger economic decision-making, Nepal should consider integrating and relying on 
Cumulative Impact Assessments (CIAs), Integrated Water Resource Management (IWRM) plans, 
water zonation systems, more stringent water quality standards, catchment management plans, e-flows 
etc. There would be specialized green instruments that would serve each scenario in particular (e.g. 
hydropower related basin optimization), and some that serve all three (e.g. e-Flows or ecosystem based 
adaptation and community based natural resources management approaches). 

 This would contribute to more appropriate and sustainable decisions.

3. Instituting Strategic Spatial Development Planning

 Given that Nepal is likely to face spatial and temporal water challenges (in other words it won’t 
necessarily have an assurance of the level of water demanded or needed in every single location, at all 
points in time), spatial planning for water resources becomes a major priority. Nepal already has the 
core building blocks of economic planning architecture in place, such as in the form of its periodic and 
annual development plans developed by the National Planning Commission (NPC). It has also recently 
initiated a process of evolving a “Vision 2030” document. While the NPC plays a central role in providing 
direction and guidance to key economic sectors, it is not evident that the plan-development process 
operates as a robust system of cross-sectoral, integrated, holistic spatial planning. 

 Thus, Nepal could consider instituting such a system, which would move beyond traditional land use 
planning to integrated spatial development planning. NPC may consider putting forward a mandate 
for this approach, and then constitute a multi-sectoral, inter-departmental task force to bring this into 
operation. This task force could be assisted in its initial period through technical and financial support 
from donor agencies. Given the strong economic as well as natural resource character of such spatial 
planning, the task force could be co-chaired by the Ministry of Finance, the Ministry of Population and 
Environment, as well as the Ministry of Land Reform and Management. Such an approach may enable 
tradeoffs between different trajectories and sectors to become more readily visible and thereby more 
easy to address. 

 This would contribute to more aligned and coherent decisions. 
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Spatial Planning – Bringing a Spatial Character to Land Use and Water Planning in Nepal

Adoption of a spatial planning approach represents a significant opportunity for Nepal to manage its 
water resources – i.e. its critical natural capital that supports economic sectors – in a sustainable way. 
Spatial planning is a slightly broader concept than traditional land use planning, and it addresses the 
issue of choices and tradeoffs by prioritizing certain land and water uses in specific areas over others, with 
a view towards strategic use of natural resources and meeting varying demands in different geographic 
locations. 

Specifically, spatial planning refers to shaping spatial development through the coordination of the 
spatial impacts of sector policies and decisions.11 Spatial planning considers economic, social and 
environmental effects of development. It enables the anticipation of long-term change (and the pressures 
and opportunities that emerge from it) and the articulation of a logical and flexible development path for 
a more sustainable future.

Spatial planning often results in or takes the form of a strategy identifying critical spatial development 
issues, and defining clear desired outcomes across functional areas. It allows for the visualisation of 
spatial goals and key areas of change. It requires a continuous process of plan review and adjustment, as 
well as mutual learning and information sharing by all entities involved, driven by debates on alternative 
development models as part of a collaborative political process. Stakeholders actively use the process to 
achieve their own and mutual goals.12 

To undertake spatial planning, one requires building an understanding of critical spatial development 
trends and drivers, market demands and needs, and the social, economic and environmental impacts 
of development. This must be coupled with analysis of options through visioning and strategic choice 
approaches. It also requires the generation of alternatives and options assisted by methods like strategic 
environmental assessments (SEAs) or cumulative impact assessments (CIAs). Traditional land use 
planning tools and approaches are also integrated into spatial planning.13 

Spatial planning is an ongoing process, with constant input of data and regular translation of data 
into visual representations (such as Geographical Information Systems or GIS), and periodic strategic 
decision-making about development options, including the use of incentives to spur a certain type of 
development in one region, relative to other types of development or relative to other regions. 

Spatial planning can be summed up as involving the following elements:

•	 Understanding resource capacity and constraints, especially in relation to natural resources.
•	 Identifying areas of spatial importance, i.e. areas or units to manage sustainably (such as river 

basins).
•	 Identifying development objectives for each of those areas, i.e. what are the goals for that region 

and what is needed to meet those goals. 
•	 Assessing how to match the development goals with resource endowments and with conservation 

needs.
•	 Prioritizing the best use of resources that allows for minimal impact while meeting the objectives.

A key feature is that this type of planning takes a zonal approach, recognizing that not all development 
can take place everywhere, and that not all natural resource users can enjoy the same level of access 
and use of resources in every location. The zonal approach also allows for anticipation, and conscious 
influencing of, development patterns in various areas. 

Given the tradeoffs already identified in Nepal through the scenarios development process, it is 
advisable that Nepal adopt a spatial planning approach to weigh and determine different potential uses 
and allocations of water in different regions, particularly at the basin and sub-basin level, and across 
different provinces.
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4. Implementing Well Designed Financial Instruments 

 Financial instruments are among some of the most useful tools to assist economic planners and to help 
achieve the strategic goals arising out of a strategic planning process, including for natural resources 
management. Nepal has nascent experience with financial instruments that could inform economic 
planners about the tradeoffs and linkages between different economic scenarios, or could be used to 
manage such tradeoffs. 

 It is important that Nepal now invest in developing and implementing such financial and economic 
tools. These include ecosystem valuation, natural capital accounting, Payments for Environmental 
Services (PES) or similar systems etc. It should also look at developing more sophisticated methods of 
hydropower financing (including PPPs), which would better align the interests of the public and private 
sectors.

	 This	would	contribute	to	better	funded	and	fiscally	informed	decisions

5. Fostering New Institutional Arrangements and Partnerships 

 Both within and outside government, Nepal’s planners and decision-makers should prioritize the 
development and enrichment of human capacity. With more rigorous training, and with more investment 
in professional development of human capital, institutions would experience improved efficiencies and 
more successful delivery of programmes and interventions. 

 Moreover, as Nepal enters a period of accelerated growth and its major economic sectors evolve, the 
partnerships it builds and leverages will play an important role informing and assisting decision-
making. Thus, forging the most relevant and beneficial partnerships is a key opportunity, not only 
for wider economic decision-making but also for the management of Nepal’s water resources. This 
involves relationships both within and outside government. Within government, this calls for stronger 
institutional (technical and operational) capacity, investment in human capital development, and 
strengthening cooperative governance processes in and in between various departments. 

 Outside government, this means bringing in more relevant external expertise to provide input where 
required, drawing on civil society, academia, international development finance institutions, and the 
private sector. Given the dynamism and capacity in Nepal’s private sector, this provides scope for more 
corporate stewardship initiatives by companies, and the incorporation of a shared value approach. The 
government could facilitate this through greater engagement with industry associations and industry 
thought leaders. This will enable decisions to be made based on a wider range of know-how, and – 
if partnerships are structured well – will allow decisions to reflect the views and priorities of all the 
concerned actors with reduced transaction costs. 

 In particular, Nepal needs partnerships focused around technology and innovation. To adequately 
support Nepal, partnerships have to be primarily driven by the provision of finance, or be geared towards 
the development of human resources capacity, or to strengthen technical innovation. New and varied 
partnerships that allow more development finance and finance for the growth of different economic 
sectors (beyond hydropower) could help diversify the types of interests reflected in the funding Nepal 
receives (beyond the dominance of aid money), and allow for a broader range of development options. 

 One area where partnerships and stronger institutional coordination (possibly through the creation of 
new institutional arrangements or coordination architecture) would make a valuable contribution is 
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in the collection, synthesis, and dissemination of information that is pertinent to economic planning 
(including information on water resources). Spatial planning (described above) is heavily constrained 
or impossible in the absence of adequate and well integrated information. Different departments and 
sectors in Nepal collect different pieces of information relevant to their domain area. However, there 
is room for growth in bringing the data and information together to share with other departments, 
organize, analyze, look for patterns and trends, and to glean cross-sectoral insights. In order to better 
understand and investigate the interplay between economic processes or decisions and water resources, 
it becomes imperative for the necessary information to be more easily viewed together. 

 New partnerships forged in Nepal could prioritize the building of a more integrated mechanism to bring 
dispersed streams of data and information together, such as in the form of a clearinghouse or interactive 
portal. It could build on the work already done to create Nepal’s Climate Change and Development 
Portal,14 and add several other streams of data and visualizations. This will allow determination of what 
types of data and evidence are not currently being collected and which still need to be gathered (i.e. 
identification of research gaps), to enable more strategic and long-term decisions about water resources 
in Nepal’s economy, and will thereafter allow a more holistic analysis of the two-way linkages between 
water resources and water-dependent economic sectors. As with spatial planning above, such an 
approach may enable tradeoffs between different trajectories and sectors to become more readily visible 
and thereby more easy to address. (This approach to addressing information gaps is merely one example 
of what stronger institutional arrangements and partnerships (within and outside government) could 
contribute to.)

 The types of partnerships and relationships that would need to be built and leveraged would be different 
for each type of scenario, depending on the economic model Nepal wishes to prioritize. 

 This would contribute to more effective and	efficient	decisions.

Figure 12 – Opportunities to build resilience in Nepal’s water resources 
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Channels for Implementation 
Nepal already has the fundamental elements of economic planning architecture. These provide the 
appropriate channel for the approaches above to be mandated and translated into action, if technical 
capacity and the ability to coordinate can be strengthened within and across these institutions.

For instance, the approaches discussed above could be rolled into Nepal’s multi-year planning process, 
starting with the 14th plan (2016 onwards). 

Similarly, the development of Nepal’s Vision 2030 provides another avenue to integrate these approaches 
into Nepal’s governance structures. 

It is likely that with the new provincial structure becoming firmer, various law and policies would need 
to be revisited for modification. This should be viewed as an opportunity to not only re-examine or 
amend provisions related to jurisdiction and federalism, but a whole gamut of issues including natural 
resources governance (such as water governance) – including for the purposes of economic planning. 

Integrating Strategic Basin Planning Processes 
Nepal’s Water and Energy Commission Secretariat (WECS) has begun engaging with basin planning, and 
has initiated basin planning processes in the Bagmati basin, the Kosi river basin, the Gandaki, and the 
Karnali (with recent interest in basin plans for the Babai and West Rapti as well). Nepal is also engaging 
with development partners on Integrated Water Resources Management (IWRM), looking at both water 
quality and water supply assurance. These ongoing efforts are valuable opportunities to ensure robust, 
ecologically responsible, and strategic basin planning. If the foundation for basin planning has any gaps, 
these could potentially lead to flawed outcomes in the future. Among the challenges that could emerge 
are over abstraction, pollution, alien species infestation, catchment alteration, habitat destruction, system 
fragmentation, and connectivity issues due to infrastructure development. Thus it is critical to ensure that 
Nepal’s approach to basin planning is comprehensive and that it will help safeguard the country’s natural 
capital, which underpins major economic activities. 

Planning for the use and allocation of water resources is a complex undertaking. Often, as is the case in 
Nepal, planning has to take place in an environment with limited information, constrained institutional 
capacity, rapid economic and demographic changes, and significant infrastructure development. 
Approaches to river basin management differ from basin to basin, country to country, and region to region, 
also reflecting differences in priorities between governments or development institutions. However, certain 
best practices and globally accepted standard approaches have emerged over the years, gaining consensus 
and demonstrating positive results. 

The core feature of strategic basin planning is that it is recognizes and is aligned with broader economic 
development and planning objectives. Reflecting this, WWF’s definition of strategic basin planning is “a 
coherent, multi-disciplinary approach to managing basin water resources and their uses in order to identify 
and satisfy social, economic, and environmental priorities.”15 

It must be recognized that strategic basin planning is of a slightly distinct character than technical (and more 
traditional) basin planning. While technical basin planning is overwhelmingly the domain of hydrologists 
and engineers, strategic basin planning calls for a significant decision-making role by economic and 
environmental planners and policy makers who weigh multiple demands, opportunities, risks, tradeoffs, 
and make informed judgments about the preservation and management of water resources within a broader 
socio-economic and ecological context. 
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The objective of strategic basin planning is not merely to meet straightforward quantitative or qualitative 
objectives, but to choose between a series of possible water management objectives that could best 
contribute to a range of competing economic, social, and ecological goals. Strategic basin planning also 
recognizes that meeting such goals necessarily requires that participation of a range of government bodies 
and stakeholders, widening decision-making beyond just the water resource management offi cials or the 
environmental departments. 

Some key features of strategic basin planning are as follows: 

•	 Trade-offs between alternative economic, social and environmental objectives, and between existing 
and potential future demands.

•	 Sophisticated approach to recognizing environmental requirements for water and the importance of 
aquatic ecosystem functioning in providing goods and services for social and economic development.

•	 Understanding basin interactions, including a range of hydrological, ecological, social and economic 
systems and activities at work within a basin.

•	 Robust scenario-based analysis to addresses uncertainty in future development and climate, by assessing 
alternative hydro-economic scenarios.

•	 Prioritization, whether in terms of the needs for economic development, social justice or environmental 
protection.

•	 The involvement of multi-disciplinary teams.

Table 1 -  Attributes Distinguishing Technical and Strategic Basin Planning16
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While Nepal’s basin plans should evolve to reflect local priorities and factors, it is recommended that at the 
very least Nepal’s planners consider the following elements in strategic basin planning:17

Goals / Vision

Implementation / Detailed Plans

PROTECTION
Strategic Objectives 

and Action

DEVELOPMENT 
Strategic Objectives 

and Action

DISASTER RISK 
Strategic Objectives 

and Action

INSTITUTIONAL 
Strategic Objectives 

and Action
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Strategic basin planning entails numerous elements. At a high level, the following principles or guidelines 
are recommended for Nepal to engage with as it prepares basin planning guidelines and rolls out basin 
plans:

1. Develop a comprehensive understanding of the entire system.

2. Plan and act, even without full knowledge.

3. Prioritise issues for current attention, and adopt a phased and iterative approach to the achievement of 
long-term goals.

4. Enable adaptation to changing circumstances.

5. Accept that basin planning is an inherently iterative and chaotic process.

6. Develop relevant and consistent thematic plans.

7. Address issues at the appropriate scale by nesting local plans under the basin plan.

8. Engage stakeholders with a view to strengthening institutional relationships.

9. Focus on implementation of the basin plan throughout.

10. Select the planning approach and methods to suit the basin needs.



42

It should be underscored that in strategic basin planning, the identification of strategic priorities and 
tradeoffs is central to the process. These priorities are determined by social preferences about the economy, 
society, and the environment, which planners have to engage with and reflect. 

Some examples of strategic basin plans that can offer valuable lessons and insights are:

•	 The California Water Plan of 2009, developed by the State of California

•	 The Danube River Basin District Management Plan of 2009, developed by the International 
Commission for the Protection of the Danube River

•	 The Water Resources Plan for the Delaware River, 2004, developed by the Delaware River Basin 
Commission

•	 The Murray-Darling Basin Plan, 2010, developed by the Murray-Darling Basin Authority

•	 The Internationally Coordinated Management Plan for the International River Basin District of the 
Rhine, 2009, developed by the International Commission for the Protection of the Rhine.

Basin Stewardship

As mentioned above, strategic basin planning calls for the involvement of a large number of stakeholders, 
representing different sectors, water users, and bringing different views about the management of water 
for economic and social purposes. In Nepal, relevant stakeholders whose views and interests would need 
to be reconciled or aligned – and whose different resources and skill sets can be brought to bear towards 
more sustainable basin management – include infrastructure developers, local community groups, non-
governmental research or advocacy organizations (civil society), agricultural producers and private 
companies (such as tourism companies, agro-based industries etc.).  

Increasingly, the private sector is also getting engaged in water resource management at the river basin 
level. WWF is working with companies in 15 priority river basins around the world, developing strategies 
that involve businesses – working in close collaboration with governments and communities – to manage 
water risks and foster collective action to maintain the basins. For instance, in Kenya’s Lake Naivasha 
region, companies are working closely with local communities and the local government to manage risks to 
their supply chain (for large flower export businesses) and working to protect the waters of the lake, which 
are crucial to the flower farms in the region. 

While the government remains the primary steward of Nepal’s natural resources, its ability to more 
sustainably manage water resources and make decisions about tradeoffs would be greatly enhanced in 
partnership with other entities such as those mentioned above. This type of collective stewardship can 
ensure that even competing water needs and uses may be reconciled as harmoniously as possible. The role 
of the government would be not only to convene these different stakeholder groups and draw them into the 
decision-making process, but also to create the frameworks and guidelines that would provide direction to 
a range of stakeholders on what their role could be in relation to basin management. This includes setting 
baseline or threshold standards for what the different groups are expected to do to preserve and enhance 
water quality and availability. Several Basin Management Authorities across the world are designed and set 
up to allow for the participation of different stakeholders (such as through Water Users Associations), and 
Nepal can draw on lessons from successful basin management entities as it evolves its own institutional 
architecture. 
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Water Allocation Planning 

Allocation planning is a crucial sub-set of strategic basin planning. Decisions of water allocation center 
around the questions of how much water is available for human use and how can this water be shared 
amongst competing users. Water allocation in Nepal must take into account several challenges such as the 
growth in water abstractions by all sectors, structural changes in the economy, demographic shifts, changing 
water demand in different regions by different users, degradation of freshwater ecosystems (resulting in the 
drying up of streams), and climate change. 

In the face of these pressures, allocation is the process of optimizing the use of existing supplies through 
signifi cant economic, social, and environmental analysis and the assessment of trade-offs between competing 
users. While modern approaches towards allocation have largely veered towards a basin-scale, i.e. basin 
level allocation, Nepal could consider other sub-units within the basin (such as districts) once basin-level 
allocation has been achieved in a strategic manner. 

Allocation must prioritize allocation for environmental fl ows, both during dry periods when water is 
contested and during fl ooding when water would be held back by storage. Thus, assessing environmental 
fl ows accurately is an important component of an allocation process. 

Strategic water allocation planning at the basin level typically involves the following processes in the stages 
described below:

Figure 13 - High Level Diagram of a Water Allocation Planning Process18

Whither Now? 
Specifi c actions have emerged as “Next Steps” recommended by stakeholders involved in the process. These 
include the following: 
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§	Modeling of scenarios: Decision makers in Nepal can use the three scenarios as a thought experiment 
to weigh the consequences of various decisions and policy measures. In order to further strengthen 
such decision making, modeling the economic and environmental characteristics and potential 
consequences in each scenario would be a helpful next step.  The Living Himalayas Initiative and 
WWF Nepal could work in collaboration with the Government of Nepal and other technical partners 
(such as universities or development banks) to enable such modeling. 

§	 Strengthening the Impact Assessment Regime: Stakeholders in Nepal expressed concerns about 
how existing rules on Environmental Impact Assessments (EIAs) were not being adequately 
implemented. Several noted that even the framework that currently exists on paper is often ignored 
and that there is a trend of streamlining and fast-tracking environmental clearances to ostensibly 
accelerate economic development. This, however, is a short-sighted approach that endangers 
the natural capital that Nepal’s economy should be able to leverage in coming decades and even 
centuries. Thus, it should be a priority for Nepal to strengthen its EIA rules, and to introduce basin-
wide Cumulative Impact Assessments (CIA) as soon as possible (eventually this should happen at 
the sub-basin level too). Nepal’s Ministry of Population and Environment should take the lead on 
developing CIA guidelines.

§	Basin Planning: Some efforts are already underway to engage in Basin Planning. However, most 
revolve around traditional water management plans. Nepal could adopt an approach to Basin 
Planning that explicitly looks at the nature of water as a catalyst for development and trade, and 
thus tailor some of the parameters of Basin Planning accordingly. [Note the discussion in the prior 
section about strategic basin planning.] The Water and Energy Commission Secretariat (WECS) 
should take the lead in evolving this advanced approach.

§	Understanding Natural Capital: Nepal should incorporate natural capital assessments or valuation 
in economic, social, and of course environmental decision making. Planning processes should 
therefore be well informed about natural capital. Any future efforts towards natural capital valuation 
or assessments could integrate the learnings from the Water Risk Narratives and Scenarios process 
by explicitly or formally tailoring the valuation methodology or protocols to take account of cross-
sectoral impacts and tradeoffs. Once the valuation is available, the Ministry of Population and 
Environment should work closely with WECS and the NPC as well as other departments to ensure 
that these valuations are taken into account, especially in relation to water resources, during broader 
economic or sectoral planning. 

§	 Spatial Planning Technical Tools: Stakeholders who engaged in the process noted that the 
Government of Nepal would need technical assistance – in terms of both technology and training – 
to implement integrated spatial planning. To identify, procure, and integrate the appropriate spatial 
planning tools into economic decision-making, the Government of Nepal could constitute a Working 
Group to investigate and recommend the tools needed for ecosystem based spatial planning. 

Platform for Engagement
It is hoped that the Water Risk Narratives and Scenarios process does not come to a close with the publication 
of this report, but that this report becomes a key initial milestone in an ongoing, long-term process to 
strengthen the understanding and consideration of water resources in decision-making structures and 
institutions within Nepal. 

Thus, one of this report’s foremost recommendations is that the process should find a platform of 
engagement that is supported by, but not wholly dependent on, the efforts of WWF. Given that water 
resources fall within the purview of the WECS, it could drive the process and provide a forum for continued 
cross-sectoral, participatory, multi-stakeholder engagement on risks to and opportunities related to Nepal’s 
water resources, and their central role in the evolution of the country’s economy.
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Preface to this Report 
This report, “Nepal – Water Risk Scenarios Development: Process and Risk Narratives,” is intended 
as a companion report to Volume 1, i.e. “Nepal – Water Risk Scenarios and Opportunities for Resilient 
Development.”

Both volumes of the report are products of an eighteen-month long process designed to engage experts, 
influencers, decision-makers, and key stakeholders in Nepal on the nature and potential consequences 
of risks faced by Nepal’s water resources. WWF’s Living Himalayas Initiative initiated the process, in 
partnership with WWF Nepal. Together, the volumes capture key insights that emerged or were reaffirmed 
during the course of the eighteen months. 

The broad context for the scenarios (i.e. the substantive foundation for the process) is captured in the 
present report (Volume 2), which highlights role of freshwater in Nepal’s economy, and identifies major 
threats to heavily water-dependent economic sectors. This volume also provides a detailed description 
of the process adopted and the theoretical underpinnings of transformative scenario development. Thus 
it takes the reader on a journey through scenario development, with a focus on transformative scenario 
development, and elaborates on the specific stages of the process adopted by the Water Risk Narratives 
and Scenarios process in Nepal. Subsequently, it familiarizes the reader with water-dependent sectors in 
Nepal’s economy, and the threats to and risks faced by the major sectors. An understanding of the same is 
critical to the crafting of scenarios for Nepal’s heavily water-dependent economy. 

The accompanying companion volume (Volume 1) of the report explores the actual scenarios themselves. 
Thus it describes multiple scenarios for how key water-reliant sectors in Nepal could evolve over the next two 
decades (through approximately 2035). Each of the scenarios has implications for Nepal’s water resources, 
hence Volume 1 also examines the implications, underscores the risks, and enumerates opportunities for 
Nepal to address or manage the risks. 

While Volume 1 of the report encapsulates some of the critical discussions that took place under the aegis of 
the Nepal water risk scenario development process, it is the process itself that is an important product of the 
effort, making Volume 2 an equally integral component of the report. The process of scenario development 
adopted provides a platform for in-depth and thoughtful conversations about current and anticipated 
water-related challenges in Nepal, facilitates cross-sectoral engagement on issues of concern, and allows 
for potential solutions to emerge and receive endorsement in an organic, collaborative manner. 

Beyond this report, it is anticipated that the dialogue sparked by the scenario development process will 
continue in one or more forums and will remain a channel for Nepal’s decision makers to consider and 
prepare for future eventualities that affect not only Nepal’s water resources, but the country’s economy and 
development trajectory.  



iii

Table of Contents
Preface to this Report ii

Table of Contents iii

List of Figures iii

List of Tables iv

List of Abbreviations iv

Using Scenario Development and “Storytelling” as Engagement Tools 2

Why Use “Stories?” 3

The Use of “Stories” – or Scenarios – in Policymaking 3

Scenario Development Explained 4

Principal Tenets of Scenario Development 4

Transformative Scenario Development 5

Steps Adopted for Scenario Development 5

Water Risk Scenario Development in Nepal – The Process 6

A Period of Transformation 11

Water-Dependent Sectors of Nepal’s Economy 12

Agriculture 12

Hydropower 14

Tourism 16

Major Threats to Nepal’s Freshwater Resources 17

Climate Change and Variability 17

Inadequate Watershed Management 21

Linear Infrastructure Development 22

Agricultural Intensification 22

Hydropower Expansion 23

Institutional Capacity Challenges 25

ANNEX A 27

ANNEX B 28

ANNEX C 30

List of Figures 
Figure 1 – Scenarios are often located at the outer edge of the “Cone of Plausibility” 5

Figure 2 - Constructing Scenario Frameworks from Questions and Uncertainties of Interest 9



iv

Figure 3 – Hydropower Generation Potential in Nepal 14

Figure 4 – Installed Hydropower Plants as of 2011 14

Figure 5 – Nepal’s Energy Mix, 2013 15

Figure 6 – Historical Energy Supply Deficit 15

Figure 7 - Projected Change in Monthly Average Precipitation for Dry Seasons 18

Figure 8 – Location of GLOF Events Recorded in Nepal, and Regional GLOFS 18

Figure 9 – Flood Risk in Nepal 20

Figure 10 – Economic Costs of Water Induced Disasters in Nepal 1983-2010 21

Figure 11 – Mountain Stream in Watershed Area 21

Figure 12 – Rice Farming in Nepal 22

Figure 13 – Major Hydropower Projects in Nepal 25

List of Tables
Table 1. Nepal’s water use by sector  12

Table 2. Physical and agricultural characteristics of Nepal 13

Table 3. Irrigation in Nepal 13

Table 4. Breakdown of tourism-related contributions to Nepal’s economy 16

Table 5. Significant GLOFs impact Nepal in recent decades 19

List of Abbreviations
CIA   Cumulative Impact Assessment

DWIDP Department of Water Induced Disaster Prevention

EIA   Environmental Impact Assessment

GLOF  Glacial Lake Outburst Flood

GW Gigawatts

HEP Hydro Electric Project

IPCC Intergovernmental Panel on Climate Change

MW Megawatts

NENCID Nepal National Committee of International Commission on Irrigation

SEA Strategic Environmental Assessment 

WECS  - Water and Energy Commission Secretariat 



v

Chapter One
Scenario Development: 

A Primer



2

Using Scenario Development and “Storytelling” as Engagement Tools
The Living Himalayas Initiative was interested in adopting a fresh and novel approach towards fostering 
dialogue in the Eastern Himalayas around the water resources of the Brahmaputra river basin in Bhutan 
and the tributaries of the Ganges in the mountains of Nepal. Out of this desire emerged the Water Risk 
Narratives and Scenarios (WRNS) process. 

The process aimed to catalyze and strengthen collective conversations about the threats facing the river 
basins in the Himalayas, the resultant risks to communities in the mountains that rely on the rivers, the 
implications of such risks for water-dependent sectors of local and regional economies, as well as about 
what can be done to reduce and better address the threats. The ultimate goal of the effort was to facilitate 
the emergence of shared ideas about how to manage the water resources of the Brahmaputra and Ganges 
river basins in the mountains. 

Such ideas, forged through a participatory process, can help ensure that the health of these river systems is 
preserved and that the rivers can continue serving as the foundation of economic activity in the Himalayas. 

There is already a wealth of information and continually emerging data and analysis from the Eastern 
Himalayan region about the hydrology of the Brahmaputra and Ganges rivers as well as the impacts of 
external forcers (such as population-driven rise in water demand, denudation of catchments due to 
deforestation, alternation of watersheds by linear infrastructure growth etc.). Satellite imagery is available 
to show changing land use and evolving spatial patterns in the river basins. Even the potential impacts of 
climate change on the rivers’ hydrology are already being projected and modeled, using different climate 
futures. There is no dearth of reports about how human activity is altering the river basins in question, or 
about the potential impacts of planned development on river flows. Based on such technical inputs, our 
understanding of Himalayan river systems grows stronger every day. 

However, despite the proliferation of such revealing data and the regular production of such critical 
analyses – many of which emphasize the need for enhanced, basin-wide management approaches that take 
a long-term view – holistic, ecosystem-based, forward-looking river basin management has not gained 
significant traction in the Himalayas. Different parts of different basins are managed with different levels of 
sophistication, strategic planning, and foresight. 

Moreover, water resource management has largely remained the domain of engineers, hydrologists, and 
water specialists, and has not been adequately mainstreamed into larger economic decision-making and 
development planning processes, whether as a catalyst or constraint. Even though it is apparent to many 
policy makers that water resources affect major productive sectors in the economy and that major productive 
sectors in turn affect water resources, it has been hard to ensure that water resources be considered a central 
element within economic planning. 

In light of this, WWF’s Living Himalayas Initiative determined that an innovative approach may be needed 
to bring about different results. To this end, it initiated the Water Risk Narratives and Scenarios (WRNS) 
process, and engaged key actors in Nepal on threats, risks, and management strategies in the Ganges basin 
by involving them in a scenario-development process about the future of the basins. 

Such a process of developing scenarios to depict plausible outcomes in Nepal’s Ganges basin is, in essence, 
a process of telling stories about a shared future and considering what each story may mean for Nepal. 
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Why Use “Stories?” 
The use of stories as a vehicle of communication is a universal phenomenon, evidenced throughout history 
in every civilization across the world.1 Stories have been used to impart guidance, instil morals, prescribe 
normative behaviour, and even pass on oral histories. In Nepal, for instance, there is a wealth of folklore and 
tales stemming from the oral traditions of Bhaktapur, or of the Limbu community, and popular stories with 
morals including Nindra Maya, Dhon Cholecha, and ‘The Sparrow’s Lost Bean.’

A well-established body of communication science affirms that stories are a powerful tool to bring about 
change in people’s perceptions and even their actions. 

Stories have been shown to help rapidly form relationships that allow humans to engage in the kind of 
large-scale cooperation that is seldom seen in other species. The power of a story is particularly strong in 
motivating behavioral change when the narrative arc begins with something that evokes concern or tension, 
then sustains attention, and eventually provides a solution or positive result.2 

As the Harvard Business Review notes in relation to the power of storytelling in a business setting, 
transcendent stories about how things can be improved or bettered are far more powerful than transactional 
stories that simply contain information to be transferred from one party to another.3

In keeping with this, the Water Risk Narratives and Scenarios (WRNS) process was consciously designed as 
an opportunity for stakeholders in Bhutan and Nepal to engage in collaborative storytelling. The scenario 
development process began with stakeholders identifying key threats and risks, and subsequently developing 
storylines about plausible futures that have distinct outcomes – with elements of “negative” and “positive” 
outcomes. These scenarios are presented in Chapter Three of this report. 

The Use of “Stories” – or Scenarios – in Policymaking 
There is growing recognition within policy and advocacy circles (as well as the business community4) 
that narratives “can more effectively reach a target audience by enhancing their enjoyment, retention, 
and understanding of complex, information-dense issues” and can “change how politicians think.”5 Even 
for politicians and public servants themselves, storytelling has started being recognized as an important 
component of policymaking.6 Commenting on why action on climate change has been inadequate thus far, 
the World Bank has also noted, “Alarming statistics and detailed reports on climate change don’t inspire 
people to act.”7  In fact, the World Bank’s head of climate change, Rachel Kyte, observed, “The tendency with 
a lot of social movements is to talk to ourselves, so we develop language that we’re comfortable with, that 
speaks to other environmentalists or other engineers but which means absolutely nothing to the lay public. 
We’re very reluctant or reticent to come up with language and idioms that will perhaps not express every 
little nuance in that one sentence, but which will actually resonate… There’s lots of behavioral psychology 
that some of these words… don’t mean anything and they don’t speak to the emotional brain.”8

The other relevant trend in public policy advocacy is the change in how those seeking policy or regulatory 
shifts engage with key stakeholders. Just as there has been a move away from the notion of asymmetrical 
information as the underlying problem, there has also been a move away from asymmetrical participation, 
i.e. the model of informing or educating stakeholders in a one-directional, top-down manner with findings 
or reports. As the chief of the American Academy for the Advancement of Science (AAAS) noted, “Simply 
trying to educate the public about specific science-based issues is not working…We need to move beyond 
what too often has been seen as a paternalistic stance. We need to engage the public in a more open and 
honest bidirectional dialogue about science and technology.”9 The preferred type of dialogue in public policy 
now is one that allows for mutual satisfaction of both entities, the research enterprise and its public. “Key 
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dimensions of this dialogue are negotiation, compromise, and mutual accommodation. It places a premium 
on long-term relationship building… public engagement is not about getting the policy you want, it is about 
getting the public input you need to craft sustainable policies that enjoy public confidence.”10

The Living Himalayas Initiative’s Water Risk Narratives and Scenarios process is based on this more 
progressive approach. By engaging stakeholders in scenario-development, the project allows for a spectrum 
of key actors to engage in negotiation, compromise, mutual accommodation, and allows for the creation of 
public policy through public input.

Scenario development is, in fact, an oft-used approach within policy circles that is akin to storytelling. 
Scenario development and scenario planning processes have seen significant uptake by leading institutions 
and organizations. The OECD, for instance, advocates for the use of scenarios by underscoring, “The goal 
in using scenarios is to reveal the dynamics of change and use these insights to reach sustainable solutions 
to the challenges at hand. Scenarios help stakeholders break through communication barriers and see how 
current and alternative development paths might affect the future. The ability to illuminate issues and break 
impasses makes them extremely effective in opening new horizons, strengthening leadership, and enabling 
strategic decisions.”11

The Harvard Business Review notes that scenario planning has helped leaders prepare for futures that might 
happen, over and above the futures that they would like to create: “Scenarios provide the right framework 
for appreciating fundamental long-term choice, which is not the same as next year’s annual plan.”12 A survey 
by Bain and Company revealed that there has been a sustained increase over the last decade in the use of 
scenario planning as a management tool, as it helps companies plan for uncertain futures.13 

Scenario Development Explained 
Principal Tenets of Scenario Development
Peter Schwartz, a pioneer and leading expert in the field of scenario development, defined scenarios as 
“Stories that can help us recognise and adapt to changing aspects of our present environment. They form 
a method for articulating the different pathways that might exist for tomorrow, and finding appropriate 
movements down each of those possible paths.”14 Scenarios are descriptions of what could happen, not what 
will or should happen. 

Some key features of scenarios are as follows:15

•	 Scenarios are neither forecasts nor projections. They represent plausible futures. 

•	 They are relevant, but at the same time challenging

•	 They are clear and distinct

•	 They are memorable, while also being disposable 

•	 They can be supported with quantitative and qualitative evidence 
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Figure 1 – Scenarios are often located at the outer edge of the “Cone of Plausibility”

Transformative Scenario Development 
The Living Himalayas Water Risk Narratives and Scenarios process used the Transformative Scenario 
Development approach, fi rst introduced and developed by Adam Kahane (Chairman of Reos Partners). 
The key distinction between simple scenario planning and transformative scenario planning is that in the 
latter, once different stories or scenarios have been identifi ed, participants engage on the question of how to 
intervene and shape outcomes. Under the traditional approach, once different stories and outcomes emerge, 
the discussion centers on how to respond to or adapt to each eventuality. With a transformative scenario 
development process, if one or more of the potential outcomes is deemed undesirable or avoidable, and if no 
single entity or institution can remedy the situation on their own, then those developing the scenarios have 
the opportunity to also identify ways to collectively infl uence different aspects of the system (for instance, 
the different drivers of the scenarios) so as to avert the most negative consequences.16 

This approach is particularly apt in circumstances where infl uencing a desired outcome or avoiding an 
unacceptable outcome is challenging due to a multiplicity of relevant actors and stakeholders. It has been 
noted that a transformative scenarios process is a “creative and constructive way for diverse stakeholders 
– even those who don’t trust or like one another – to come together to build stories of possible futures 
together, and in so doing, to unlock stuck and polarized situations.”17 

Another reason that transformative scenario development is referred to as “transformative” is because 
the process itself has the power to change the dynamic between those engaging the system: it transforms 
people’s understandings, their relationships with one another, their intentions for engaging with the issues 
at hand, and also allows for change in their actions.

Steps Adopted for Scenario Development 
Scenario development is a collaborative process. Inherent to the success of scenario development is the idea 
that constructing plausible futures requires a diversity of opinion, and a forum where all voices are equal 
and have the same ability to shape the various storylines. The process is a lengthy one, and is typically not 
rushed. 
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Scenario development benefits from evolving through a sequence of stages: 

•	 Convening a team from the whole system, as a means of co-initiating the process together

•	 Observing what is currently happening  

•	 Constructing stories about what could potentially happen, i.e. scenarios 

•	 Discovering together what can and must be done to influence outcomes

•	 Acting to transform the system

Through the application of this heavily participatory process, scenarios for water resource-based economic 
futures have been constructed. These are in the nature of alternative stories about the impact of different 
development trajectories on Nepal’s water resources, as well as about the role of water resources in 
supporting or constraining the emergence of different development trajectories.  These are not predictions, 
nor roadmaps, but rather informed speculation about the meandering paths that may take Nepal to different 
plausible futures.  The strength of scenarios is that they provoke thought about what is possible and help 
identify options and pitfalls that we may want to choose or avoid.  As such they provide a platform for 
introspection and debate about obstacles that must be overcome and aspirations that may be achieved in 
creating a vibrant and sustainable future for Nepal.  As such the scenarios describe pathways to 2035, since 
the twenty-year time horizon represents a point when Nepal would still be a reflection of decisions made and 
actions taken in the coming decade, but also far off enough that it allows space for truly transformational 
approaches to take effect and make the Nepal of 2035 significantly different than the Nepal of 2016 (just as 
the Nepal of 2016 is remarkably distinct from Nepal in 1995).  

A deliberate attempt has been made to avoid more desirable (best-case) or less desirable (worst-case) 
scenarios. Similarly, possible but highly unlikely outliers (“black swan events”) have been omitted to ensure 
that each scenario demonstrates a specific plausible pathway with its own internal logic and assumptions, 
as well as distinct decision points that would fundamentally impact on the long-term future.  While each 
scenario attempts to highlight the key pivot points and the implications of decisions, there is no doubt that 
the actual future could be far worse than the most pessimistic elements of any one of these scenarios, or 
much better than the most optimistic elements. As such they provide a means of thinking about long-term 
planning and the translation of policy into action to embrace the vast potential of Nepal’s water resources 
and avoid catastrophe. 

Water Risk Scenario Development in Nepal – The Process
From August 2014 through March 2016 (including a four-month hiatus after the April 2015 earthquake), 
the Water Risk Narratives and Scenarios process undertook a sequence of activities in Nepal, described 
below. 
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The process initially focused on investigating and synthesizing evidence pertaining to various threats 
facing the upper reaches of the Ganges river basin in Nepal. Analysis for Nepal focused on the threats 
posed by climate change, increasing population pressure in urban areas, land use changes such as linear 
infrastructure development, improper watershed management, and large-scale hydropower development.  
Certain economic sectors – namely, agriculture, tourism, and hydropower -- were identifi ed as highly water-
dependent, and thus more vulnerable to the risks arising from threats to the Ganges Basin. 
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The examination of where the threats lie or will emerge from, and the sectors that will likely bear the 
consequences of negative impacts to the Ganges Basin, were woven together in the form of risk narratives, 
i.e. qualitative descriptions what is already happening in the Basin and what could potentially happen. This 
research was captured in the Nepal Risk Narratives report (unpublished) shared with all stakeholders in 
Nepal, and the said report was revised based on feedback and input from several stakeholders. A summary 
of findings from this phase is presented in Chapter Two of this report (the entire Nepal Risk Narratives 
report, which was intended to be an engagement tool rather than a standalone publication, can be obtained 
from the Living Himalayas Initiative upon request).

The process then moved into the scenario development phase, which enabled more frequent and deeper 
engagement with key stakeholders. Their input was critical to ensure that the factors that informed and 
shaped scenario development were the ones of greatest relevance and interest to actors in Nepal. 

In order to hone in on the thematic focus areas and driving forces of the scenarios, stakeholder input was 
sought in an April 2015 workshop by posing two queries: 

§	What questions would you like the scenarios to address regarding the future of Nepal’s development 
and its use of water resources in a 20-year timeframe? 

§	What are the key forces or drivers that you think will affect the resilience of Nepal and its natural or 
water resources over the next 20 years?

Responses to the questions (see Annex A) helped identify emerging factors of interest that then became 
central elements in scenario development. 

In response, stakeholders identified several questions they wanted to see answered by the scenarios. These 
represented the result / outcome of the scenarios to come. 

§	What will Nepal’s economic growth look like based on altered water availability for certain users or 
sectors? 

§	What will happen to water use and availability for each of the main users and sectors? 

§	What will happen to Nepal’s natural resource base and environment, and its sustainability “brand”? 

Similarly, stakeholders also identified several key uncertainties that could alter Nepal’s trajectory in terms 
of the country’s use of and approach to water resources. These uncertainties represented the pivot points or 
moments of potential shifts within the scenarios to be crafted. 

In other words, the scenario pathways will depend on how we decide key uncertainties play out:

§	Nepal government’s prioritization, i.e. policy shifts on prioritizing hydropower versus tourism 
versus agriculture 

§	Geopolitical shifts in regional relations with neighbors

§	 Impacts of demographic shifts, including urban growth, and changing demand on watersheds 

§	 Impacts of infrastructure development on watersheds

§	 Impacts of climate change and climate related disasters

§	 Impacts of non-climate disasters 
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Together, these key questions and uncertainties were subsequently used to shape three distinct scenario 
frameworks. Specifically, the main questions were examined through the lens of various uncertainties and 
crosscutting factors. Based on how the different uncertainties played out or manifested, the view through 
the lens resulted in distinct scenarios. 

Figure 2 - Constructing Scenario Frameworks from Questions and Uncertainties of Interest

Each scenario framework comprised of some key elements that would define and influence the scenario 
storylines. These constituent-elements were:

§	The Core Premise: The fundamental aspects of the scenario, which (once agreed upon by stakeholders) 
remain static and do not change. These became the “givens” for the scenario, and thus were not contested 
during the subsequent scenario development process. 

§	Assumptions: Around the core premise a concentric layer of assumptions was added. The assumptions 
related to, firmed up, and added texture to the core premise. These become the “Rules of the Game,” i.e. 
fixed circumstances that are in the nature of boundary constraints. 

§	Considerations: Questions about aspects of the scenario that do not relate to the core. These pertained 
to the non-core sectors per scenario that were not the primary focus of the scenario but could still 
influence outcomes. 

All of these elements were discussed and debated by stakeholders in the latter half of 2015 (including 
through an online, web-based workshop), and revised based on their feedback. It was agreed that once 
stakeholders were comfortable with these key scenario building blocks, the elements chosen (see Annex B) 
would stay constant during scenario development.

Finally, a scenario development workshop was convened in March 2016, where stakeholders fleshed out 
each of the three scenarios with more detail, built out timelines for the evolution of each scenario in three 
major phases between the present and 2035, and discussed the implications of each scenario for Nepal’s 
water resources and the country’s economic health (which is largely predicated on water resources). Through 
the discussion, some key insights emerged about approaches to avoid potentially negative ecological 
and economic consequences. These, as well as a description of the three scenarios, are discussed in the 
companion report, Volume One. 
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Chapter Two
Water Risk Narratives

for Nepal
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A Period of Transformation
The Water Risk Narratives and Scenarios process was initiated at a particularly important juncture in Nepal.  
The current period is unlike any before in Nepal’s past, because of a combination of several key factors. 
One is the evolution underway in Nepal’s governance systems. While Nepal’s first democratic elections 
were held in 1991, the last two decades have seen almost continuous political turmoil in the country. A 
revolving door of governments, almost none of which have lasted a full term, led to nearly two decades of 
instability and lack of consistency in government policy. A violent Maoist insurgency took a heavy toll in 
rural areas of Nepal, and multiple attempts at a truce and peace processes to end the bloody civil war failed 
since 1995. However, a peace accord was signed in 2006, officially bringing the war to an end. In addition 
to these changing conditions, the country formally ended Monarchy in 2008, and is nearing the end of its 
first decade as the Federal Democratic Republic of Nepal. The period since 2014, however, has seen some 
relative calm and stability: an assembly was elected to draft a new constitution, and Nepal officially adopted 
its new Federalist constitution in September 2015.

As Nepal now adapts its administrative and governance systems to align with the new constitution, it will 
find many of its institutions relatively new and untested, while much of its human capacity within these 
institutions is also at the early stages of gaining professional growth and experience. Nepal’s government is, 
in fact, currently in the process of reinventing itself. 

As it does so, it becomes critical to ensure that the energy and resources of the government are directed 
towards priorities that are consistent with Nepal’s long-term interests. One of the potential pitfalls of the 
transition from a monarchy to a constitutional, federalist democracy is that the timeframes that leaders 
consider when weighing decisions tend to shift. In a government system where both national and provincial 
elections determine the political fortunes of a party or a political leader, the nature of an electoral cycle 
sometimes results in leaders prioritizing short-term gains over long-term gains, or narrow parochial interests 
over larger national interests, since they are so focused on garnering support for the next election. Moreover, 
a maturing democracy also means the putting in place of processes that allow for public participation and 
the development of complex capacity required to assess, integrate, and respond to public sentiment, which 
in itself can often be motivated by shorter term or localized interests.  

Another reason this is a critical period of transition for Nepal is that the country is in the process of rebuilding 
itself. After the devastating earthquake of April 2015, Nepal has found itself in a position where it can revisit 
some of its development choices. It is receiving global aid for reconstruction and redevelopment. As Nepal 
uses these resources to get back on its feet, it is making implicit development choices by deciding how to 
deploy this aid and which sectors to prioritize. Depending on the direction Nepal chooses over the next 
five to ten years, it can either use its redevelopment efforts to stay in sync with its natural resource base, 
protecting its natural capital as a long-term economic resource, or it can prioritise short-term growth that 
may come at the expense of natural resource sustainability. It would be in Nepal’s interest to rebuild in a 
way that preserves its natural resource wealth for careful and strategic use in the decades to come, so as to 
not compromise the ability of future generations to reap the benefits as well. Doing so isn’t easy; it requires 
proactive planning and complex juggling of trade-offs and can be done poorly if the right processes and 
safeguards are not put into place early enough, coupled with the requisite capacity to implement and deliver. 

This period of reconstruction and rebuilding is likely to see the emergence of several development initiatives 
and programs by both government and by development partners. If designed and executed right, these 
programs could set Nepal on a sustainable and secure path. But if many such programs end up flawed or 
underutilized, they will unfortunately leave Nepal poorly equipped and having chosen pathways that may 
be harder to correct later than it is today to set the optimal path.
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It is in this temporal context that the Water Risk Narratives and Scenarios process set about studying Nepal’s 
major economic sectors, investigating the role of water as natural capital within the sectors, and identifying 
key threats to Nepal’s water resources. Due to the intimate linkages of water to the sectors in question, these 
threats in turn, pose risks to the water-reliant sectors that drive the country’s growth.  

Water-Dependent Sectors of Nepal’s Economy
Agriculture
From a labour and livelihoods perspective, agriculture is Nepal’s most important sector. The sector employs 
a significant 80% of the working population, and contributes around 35% directly towards GDP. Agricultural 
production is furthermore an important input into its industrial and services sectors. 

The agricultural sector is also an important source of foreign exchange earnings through its export of 
agricultural-based products. In 2012, for instance, knotted carpets, flavoured water, scarves, tea, textile 
footwear and knot sweaters were all listed amongst the country’s top ten export products which collectively 
made up almost 55% of the country’s total exports in US$ value.18 From a water-use perspective, the 
agricultural sector forms the vast majority of Nepal’s water withdrawal. In 2005, water withdrawal for the 
agricultural sector made up over 98% of total water withdrawals (a sectoral breakdown is provided in Table 
1 below). 

Table 1. Nepal’s water use by sector (Source: FAO19)

Water Withdrawal (2005) Volume Unit

Total water withdrawal 9,787.1 Mm3/year

Irrigation & livestock 9610 Mm3/year

Municipalities 147.6 Mm3/year

Industry 29.5 Mm3/year

Per inhabitant 395 m3/year

Surface water & groundwater withdrawal 9,787.1 Mm3/year

As % total renewable water resources 4.7 %

Of Nepal’s 14.7 million ha, approximately 4 million ha are deemed to be cultivable. Of these 4 million ha, 
approximately half is in the mountain and hill region, one third is in the Terai region, and the remainder 
is split between the Siwalik and the high Himalayas.  In 2009, the total cultivated area was estimated to 
be around 2.5 million ha, of which 95% were used for annual crops and 5% for permanent crops. These 
statistics are summarised in the Table below.
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Table 2. Physical and agricultural characteristics of Nepal (Source: Aquastats Report, FAO, 2011)

Physical Areas (2009) Hectares

Area of the country 14,718,100

Cultivated area (arable land and area under permanent crops) 2,520,000

As % of total country area 17

Arable land (annual crops + temp. fallow + temp. meadows) 2,400,000

Area under permanent crops 120,000

Nepal’s agricultural sector is currently dominated by subsistence and smallholder agriculture with a poor 
infrastructure base. The country’s total irrigable land is estimated to be approximately 2.18 million ha, of 
which roughly half currently receives irrigation water supply from both surface and groundwater. One of 
the reasons for this relates to the fact that almost all of the land under irrigation is dependent on transit 
flow availability at the water sources and thus the actual national irrigated area varies between seasons.20 
Additionally, due to riparian constraints, Nepal is limited in its ability to tap into the major river systems 
for irrigation development. Thus most of the irrigation systems are fed by medium or small rivers, which 
almost entirely depend on rainfall.21 Despite Nepal’s relatively long history of irrigated agriculture, these 
systems have largely (75%) remained in the form of farmer-managed irrigation systems. The remainder, 
or roughly 25% of total land under irrigation is under agency-managed irrigation systems. A summary of 
Nepal’s irrigation statistics is provided below.

Table 3. Irrigation in Nepal (Source: Nepal ICID22)

Area and Use (hectares) Mountains Hills Terai Total

Geographical Area 5 170 6140 3410 14720

Cultivated Area 227 1055 1359 2641

Irrigable Area (including forest land) 61 373 1744 2178

Irrigable Area (including forest land) 61 373 1744 2178

Irrigable Area (infrastructure developed) 52 253 786 1091

Actually Commanded 40 208 520 768

Year-round 20 110 288 418

Monsoon 20 98 232 350

Area under agency managed systems 1 15 251 267

Area under agency assisted farmer managed systems 10 48 274 332

Area under farmer development and farmer managed 
systems

41 190 261 492

Some of the irrigation challenges currently facing Nepal include old infrastructure and low water-use 
efficiency of existing systems, under-utilisation of canal water, weak participation of water user associations 
and generally low levels of institutional capacity.23 Indeed the status of agricultural mechanization in Nepal 
is particularly low with the majority of farmers using animal-powered tillage instruments. Approximately 
26% of farmers use iron ploughs, and only an estimated 8% use tractors.24
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Consequently, to address some of these challenges, the Nepalese government has identified agricultural 
mechanization as a development priority, and Public Private Partnerships (PPPs) have been recognised 
as a key means through which this can be achieved. This is embodied, for instance, in the Agribusiness 
Promotion Policy of 2006 which aims to increase private investment across the agricultural value chain. 

According to the Nepal National Committee of International Commission on Irrigation (NENCID), “The 
vision of the future is that Nepal’s poverty can be eliminated by water resources development led through 
agricultural growth. The strategy for economic development, employment and poverty alleviation is based 
on the background of the country’s unexploited potential in the agriculture sector, given the suitable agro 
ecology, substantial irrigation potential, low technology use at present, possibility of regional cooperation 
and large market across the border and engagement of about 80% population in agriculture.”25 This strategy 
of economic development and poverty alleviation, based on the growth of the agricultural sector, this 
therefore dependent on the availability of adequate quantity and quality of water for agriculture.  

Hydropower
Nepal has been ranked as the one of the few countries in the world sizeable inland water resources. In 
total it possesses around 2.27% of the world’s water resources, with a total national water surface area of 
818,500ha (5% of the country). Most of this water surface area is made up by its more than 11,000 or so 
rivers that total over 45,000km in length. The perennial nature of Nepal’s rivers and the steep gradient of 
the country’s topography make many of these rivers ideal for hydropower generation. 

In fact, Nepal’s theoretical hydropower potential is estimated to be around 83,000MW, as illustrated 
in Figure 4 (technically and economically viable potential is closer to 40,000MW).26 Despite this large 
hydropower generating potential, Nepal currently only has approximately 650MW of installed hydropower 
capacity (a breakdown of installed capacity is provided below). In addition, in 2009 the country’s total 
dam capacity was 85Mm3. This similarly falls well short of the potential capacity of 138km3. The two main 
diversion barrages are the Kosi and Gandaki reservoirs.27

	

Figure 3. Hydropower generation potential (Source: Pokharel, 2001, taken from http://file.scirp.org/Html/9-6701886_34938.htm) and 

Figure	4.	Installed	hydropower	plants	as	at	2011	(Source:	FNCCI,	2011,	taken	from	http://file.scirp.org/Html/9-6701886_34938.tm)
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Figure 6 depicts Nepal’s distribution of energy supply 

in 2013, including its energy supply shortfall. 

Hydropower, of varying supply forms, constitutes 

almost all of Nepal’s energy supply. Government 

supply forms just less than half of total demand, and 

private sector hydropower plants make up in excess of 

one fifth. Significantly, though, all supply falls short of 

demands by 30%. This gap has expanded from previous 

years following growing demands. In 2011, for instance, 

the yearly energy gap was 20.3%.28 The growing energy 

supply deficit over the past decade is illustrated in 

Figure 7 below.

	
Figure 6. Historical energy supply deficit (Source: NEA Annual Report 2011, http://energypedia-uwe.idea-sketch.com/wiki/Nepal_

Energy_Situation)

In Nepal, hydropower has the potential to create a long-term, lucrative export market, contributing 
significantly to an economy that needs growth. The question of developing Nepal’s hydropower sector is 
more a question of when and how rather than if. In order to develop Nepal’s large outstanding hydropower 
potential, significant investment, skills and capacity would be required, all of which are beyond Nepal’s 
current endowment. Meeting the financial requirements of such hydropower development would require 
foreign investment. Both China and India have already begun negotiating with Nepal in this regard. India 
has signed an agreement worth over $1 billion with Nepal, to develop hydropower (900 MW) on the Arun 
river. Nepal has similarly inked an agreement with China, for $1.6 billion, to develop hydropower (750 MW) 
on the West Seti river. India, in particular, is an export market for Nepal’s power, and the two countries 
have already signed a Power Purchase Agreement. 

Figure 5. Nepal’s energy mix, 2013 (Source: http://www.
easynepalityping.com/loadshedding-nepali)
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Just as the economy of Nepal’s neighbor – Bhutan – has been boosted by electricity exports to India, and 
the earning of valuable foreign exchange, Nepal’s economy also can benefit from power exports to India. 
However, for hydropower generation to be a long-term, sustainable economic activity in Nepal, this requires 
that the underlying resource, i.e. Nepal’s rivers, also be managed sustainably. 

Tourism
Nepal is home to the highest mountain range and mountain peak in the world: the Himalayas and Mount 
Everest. It thus goes without saying that it is an ideal destination for mountaineers and adventure-seeking 
people. It is also a country with deep-set Hindu and Buddhist heritage (including the World Heritage site 
Lumbini, which is the birthplace of Gautama Buddha). The Nepalese have embraced and leveraged these 
features of the country and, as a result, tourism is today Nepal’s largest industry and largest source of 
foreign exchange and revenue. In recent years the Government of Nepal has endeavoured to grow its tourism 
industry even further. The Ministry of Culture, Tourism and Civil Aviation stated in 2013 that “Tourism is 
one of the potential sectors for economic development of Nepal. Being a labour-intensive service sector, it 
might be the major source of employment in both urban and rural areas and will help to reduce poverty 
levels in the country.”29 

The tourism industry in Nepal impacts on the economy both directly and indirectly. The direct contribution 
of the industry includes, amongst others, revenue from commodities (transport, accommodation, 
entertainment, attractions etc.), sub-industries (accommodation services, food and beverage services, retail 
trade, transport services, cultural, sports and recreational services etc.). The indirect contributions include 
travel and tourism investment spending, government tourism-related investments etc. Beyond direct and 
indirect contributions, there is also induced expenditure, such as spending by employees working in the 
industry, which adds to the total tourism industry revenue. 

In 2013, the direct contribution of travel and tourism to Nepal’s GDP was estimated to be NPR68.8bn (or 
3.9% of total GDP), and forecasts for 2014 anticipate a rise by 9.8%, followed by a 4.9% rise per annum 
thereafter, from 2014-2024, to NPR122.2bn (4.7% of total GDP) in 2024. Including indirect contributions, 
the total contribution of the sector to GDP was NPR145.3bn (8.2% of GDP) in 2013. This contribution is 
forecast to rise by 8.6% in 2014, and by 5.0% per annum to NPR257.4bn (9.9% of GDP) in 2024.30 The Table 
below provides a breakdown of the sector’s contribution to GDP in 2013, and the projected growth thereof 
come 2024, on both an absolute and relative basis.

Table 4. Breakdown of tourism-related contributions to Nepal’s economy	(Source:	Travel	&	Tourism:	Economic	Impact	2014	Nepal,	

World	Travel	and	Tourism	Council,	2014)

Nepal Estimates and 
Forecasts

2013 2013 2014 2024

NPRbn1 % of 
total

Growth2 NPRbn1 % of 
total

Growth2

Direct contribution to GDP 68,8 3,9 9,8 122,2 4,7 4,9

Total contribution to GDP 145,3 8,2 8,6 257,4 9,9 5,0

Direct contribution to 
employment4 504 3,2 6,4 762 3,8 3,6

Total contribution to 
employment4 1 112 7,0 6,5 1 696 8,5 3,7

Visitor exports 39,1 21,1 11,9 78,8 22,7 6,0

Domestic spending 71,1 4,0 8,7 116,1 4,5 4,2



17

Leisure spending 95,0 3,3 8,9 168,1 4,0 5,0

Business spending 15,3 0,5 15,7 26,7 0,6 4,2

Capital investment 14,6 4,2 2,7 26,2 5,2 5,8

12013 constant prices & exchange rates; 22014 real growth adjusted for inflation (%); 32014-2024 annualised 
real growth adjusted for inflation (%); 4’000 jobs

While forecasts for Nepal’s tourism industry are clearly on the up, what does not feature in these estimates 
is the potential impacts that a changing climate and increased variability is likely to have on this sector. 
Examples of the risks inherent in this sector will be discussed in the section below.

Thus, three of Nepal’s most important economic sectors are those that rely heavily on the country’s rich 
natural resource base. This natural resource base is, of course, maintained on the basis of the health of 
Nepal’s ecosystems – in particular the headwaters of the Ganges river basin and their catchment areas. 
Hence, any threat to Nepal’s water resources in the upper reaches of the Ganges is also a threat to the 
country’s economy.

Major Threats to Nepal’s Freshwater Resources
Climate Change and Variability 
The river basins of the Himalayas form an important source of water for the populations of China, India, 
Bangladesh and Nepal. The region also contains the world’s largest supply of glacial ice and perennial 
snow outside of the Polar regions. The snowmelt that results from these glaciers supplies a major river 
system that supports almost a quarter of the global population, residing downstream. However, climate 
change forecasts indicate that increased air temperature will have a dramatic impact on the glaciers, given 
that they are acutely affected by such temperature shifts. Indeed, these changes are already happening. 
Water availability in this region is anticipated to decline significantly in the future alongside these rising 
temperatures and increased snowmelt, thus threatening the water security of this region and particularly 
the riparian states.

Flow variability is a distinct feature of Nepalese rivers. The rivers exhibit even a diurnal variation, with an 
increase in discharge in the afternoon as a consequence of daylight snow and glacier melt. However, this 
variation is similarly apparent over longer time periods, in-line with monsoon rains. These short and longer-
term flow variations have important consequences with regards to climate shifts and rising temperatures. 
According to the 2013 IPCC Regional report on Asia, “by and large, dry-season flow in the major Himalayan 
rivers in a given year results from the monsoon rainfall of the previous year. Catchments in Nepal supply 
about 70% of the dry-season flow of the Ganges River, and tributaries of the Brahmaputra River originating 
in Bhutan supply about 15% of the total annual flow of that river. If climate change disrupts these resources 
and alters mountain hydrological regimes, the effects will be felt not only in the montane core of Tropical 
Asia but also downstream, in countries that depend on this water resource.”31

The nature of Nepal’s topographical layout and geology is also highly conducive to soil erosion. The primary 
cause of this surface erosion is the monsoon rains which cause high sediment yields following the peak 
river discharge, typically in August. Climate and land changes are expected to increase sediment volumes 
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in rivers and streams in the future. (Figure 8 illustrates 
projected changes in Nepal’s monthly average precipitation 
by the 2030s relative to a 1970-99 baseline).Yet some of the 
climate-related water risks facing Nepal are also much more 
dramatic, and potentially catastrophic in nature. For instance, 
rising temperatures are likely to increase Himalayan slope 
instability which in turn will bring about more frequent snow 
avalanches. In addition, according to a 2011 report prepared by 
the International Centre for Integrated Mountain Development 
(ICIMOD) for the World Bank’s Global Facility for Disaster 
Reduction and Recovery (GFDRR), Himalayan glacier retreat 
has resulted in the formation of new glacial lakes and the 
expansion of existing ones due to accumulated meltwater. 
These lakes are by nature inherently unstable and subject to 
catastrophic drainage. As a result, populations and property 
in the valleys below them are at signifi cant risk of glacial lake 
outburst fl oods (GLOFs). According to the report, recent 
surveys show that many of Nepal’s glacial lakes are expanding 
at a considerable rate and the dangers they pose are increasing. 

Nepal has experienced numerous GLOFs which have caused 
considerable damage to property, infrastructure and caused 
signifi cant loss of life. An example of particular relevance to 
this analysis was the Dig Tsho GLOF of 1985 which destroyed 
the nearly completed Namche Small Hydroelectric Project. The source of this fl ood was north of Nepal’s 
border, inside the Tibet Autonomous Region, highlighting the importance of regional cooperation on water-
related risks.32

Figure 8. Location of GLOF events recorded in Nepal, and regional GLOFs that cause damage in Nepal (Source: ICIMOD & 

GFDRR, 2011)

Figure 7. Projected change in monthly ave. 
precipitation for dry and wet seasons by 2030s 
relative to 1970-99 baseline (Source: McSweeney et 
al,	2008,	http://www.ifc.org/)
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Table 5 below lists some of the significant GLOFs experienced in Nepal in recent decades, including, where 

possible, descriptions of their impacts.  

Table 5. Significant GLOFs impact Nepal in recent decades (Source: ICIMOD & GFDRR, 2011)

Date    River 
Basin Lake Cause Losses

Entirely within Nepal

1N 450 years ago
Seti 
Khola   Machhapuchchhre

Moraine 
collapse

Pokhara valley covered by 50–
60m deep debris

2N 3 Sep 77
Dudh 
Koshi Nare

Moraine 
collapse Human lives, bridges, others

3N 23 Jun 80 Tamor Nagma Pokhari
Moraine 
collapse

Villages destroyed 71 km from 
source

4N 4 Aug 85
Dudh 
Koshi Dig Tsho

Ice 
avalanche

Human lives, hydropower 
station, 14 bridges, etc

5N 12 Jul 91
Tama 
Koshi Chubung

Moraine 
collapse Houses, farmland, etc.

6N 3 Sep 98
Dudh 
Koshi Tam Pokhari

Ice 
avalanche

Human lives and more than NRs 
156 million

7N 15 Aug 03
Madi 
River Kabache Lake

Moraine 
collapse Not known

8N 8 Aug 04
Madi 
River Kabache Lake

Moraine 
collapse Not known

9N Unknown Arun Barun Khola
Moraine 
collapse Not known

10N Unknown Arun Barun Khola
Moraine 
collapse Not known

11N Unknown
Dudh 
Koshi Chokarma Cho

Moraine 
collapse Not known

12N Unknown
Kali 
Gandaki

Unnamed 
(Mustang)

Moraine 
collapse Not known

13N Unknown
Kali 
Gandaki

Unnamed 
(Mustang)

Moraine 
collapse Not known

14N Unknown
Mugu 
Karnali

Unnamed (Mugu 
Karnali) 

Moraine 
collapse Not known

Originated in TAR/China and caused damage in Nepal

1C Aug 1935
Sun 
Koshi Tara-Cho Piping

66,700 sq.m of wheat fields, 
livestock, etc

2C 25 Aug 64 Trishuli Longda Not known Not known

3C 21 Sep 64 Arun Gelhaipuco
Glacier 
surge Highway and 12 trucks

4C 1964
Sun 
Koshi Zhangzangbo Piping No remarkable damage
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5C 1968 Arun Ayaco Not known Not known

6C 1969 Arun Ayaco Not known Not known

7C 1970 Arun Ayaco Not known Not known

8C 11 Jul 81
Sun 
Koshi Zhangzangbo

Ice 
Avalanche Hydropower station

9C 27 Aug 82 Arun Jinco
Glacier 
surge Livestock, farmland

10C 6 Jun 95 Trishuli Zanaco Not known Not known

Figure 10 provides a map of the current key areas of flood risk in the Ganges Basin, including Nepal. While 
risks from GLOFs are predominantly in Nepal (in the high mountains), the risk of flood impacts overall is 
higher downstream in India, once again highlighting the regional interlinkages and transboundary impacts. 

Figure 9. Flood risk in Nepal (Source: http://southasiawaterinitiative.org/sawi_portal/?basin=Ganges&showSplash=false#)

The economic costs of GLOFs and other climate change-related disasters can be very significant. Direct 
costs of these events in Nepal are estimated to be between 1.5-2% of GDP per year (approximately US$270-
360 million per year in 2013 prices). These values are estimated to be closer to 5% and higher in extreme 
years. Furthermore, when the indirect and macroeconomic costs of these impacts are considered, the total 
cost estimates increase by between 25-100%.33 A breakdown of the estimated economic costs of Nepal’s 
water induced disasters (flood and landslide) between the years 1983-2010 is provided below.
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Figure 10. Economic costs of water-induced disasters in Nepal 1983-2010, includes infrastructure, property and health 

damages, 2013 prices (Source:	MST&E,	Government	of	Nepal,	2014)

Inadequate Watershed Management
Despite having some of the highest per-capita freshwater availability in the world, several regions in Nepal 
are water stressed. During the course of the Water Risk Narratives and Scenario process in Nepal, numerous 

stakeholders made reference to villages or towns where adequate water was 
not available on a continuous basis.

In an area of abundant rainfall and ample sources of freshwater, such 
shortages point both to imbalances between demand and water supply and 
distribution, as well as to problems in watershed management. Without 
adequate management, Nepal will struggle to meet the projected growth in 
demand for water that will accompany population growth, economic growth, 
and a shift to more urbanized lifestyles.

The manner in which watersheds are maintained in Nepal has implications for 
the ecological robustness of the Ganges, both in Nepal and downstream. The 
cause of mountain streams drying up in certain places may be over-abstraction, 
population pressure, and ecological degradation (including linkages to 
climate change). Sub-optimal forest management (including poor harvesting 
practices) also damages soil stability. The rapid growth of linear infrastructure 
is also a likely contributor to watershed degradation in the region, both during 
and after construction. 

In recognition of the threat, Nepal is already carrying out efforts to properly manage its watersheds, so as to 
curb existing water shortages and meet future water demand. If, however, Nepal is not able to adequately 
preserve critical watersheds, the country (including major economic sectors) faces several additional risks 
beyond just water supply challenges. Some of the risks associated with poor watershed management include: 

§	Landslides, resulting from loose soil that is not adequately held together by thick vegetative cover. 
Landslides have, in fact, become more common in Nepal in recent years. Given Nepal’s location in 
a seismic zone and its experience with landslides during the 2015 earthquake, this is a particularly 
serious threat to human life and property.

Figure 11 - Mountain Stream in 
watershed area
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§	 Sedimentation in rivers from loose soil, sand, gravel that slides off the eroded slopes and is washed into 
the rivers by rain. This is, in turn, a risk for hydropower as it creates not only operational challenges 
and costs but also risks of structural damage if the sediment volume increases dramatically. 

§	Flooding and public safety more broadly. Eroded slopes with loose soil can lead to increased flood 
events during heavy rainfall, since there is inadequate absorption of water into the land. 

Linear Infrastructure Development
Land-use changes through linear infrastructure development also pose risks to Nepal’s water resources. 
An increasing need for more connectivity by road and potentially by rail is being felt as Nepal urbanizes 
and as rural-urban migration increases. Both the agriculture sector and the tourism sector will require 
more linear infrastructure to support greater mobility and the movement of goods and people to new 
markets. Currently there is a great need for road expansion, particularly in the high mountain regions where 
connectivity is especially low (less than half of the national population has access to all-weather roads). 
Nepal’s Government has responded to these needs by dramatically expanding the country’s road network 
in recent years. In the 2011-2012 fiscal year alone around 1,180km of new roads were constructed. The 
Asia Disaster Preparedness Center attributes an increase in landslides in Nepal over the last 15 years to 
the rapid growth in road construction.34 Not only can ill-planned linear infrastructure heighten the risk of 
landslides, but it also directly damage the water sources used to irrigated agriculture. Stakeholders involved 
with this project cited examples of damage caused to natural springs in the Koshi Basin as a result of road 
construction. 

Agricultural Intensification
Agriculture is central to Nepalese society and the national economy. The sector contributes almost 35% 
directly to GDP, and is indirectly responsible for a considerable portion of its secondary and tertiary sector 
production. The sector also employs a significant three-quarters of the working population.

Accordingly, as part of its economic development strategy, the Government of Nepal has prioritised 
agricultural modernisation and expansion. There also 
remains considerable scope for the sector to develop and 
expand its irrigation coverage which currently stands at 
approximately half of the irrigable land. However, due to 
riparian constraints, Nepal is limited in its ability to tap 
into the major river systems for irrigation development. As 
a result, most irrigation systems are fed by medium or small 
rivers, which in turn have highly variable flows. Expanding 
agriculture and developing commercial agriculture will 
require a move away from such variable, unreliable streams 
and towards irrigation schemes with storage.

Climate shifts are anticipated to significantly reduce water 
availability in the Himalayan region alongside rising 
temperatures and increased snowmelt. This will place greater 
pressure on existing, and future, water users in the region, and particularly those further downstream. 
Expansion and intensification of agriculture will further exacerbate this growing pressure on water sources. 
In addition, agricultural modernisation, which is an inevitable likelihood in Nepal, may also heighten water 
quality risks through the expanded use of pesticides and fertilizers, and the resulting contaminated runoff. 

Figure 12  - Rice Farming in Nepal
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While irrigation expansion and agricultural mechanization do have the potential to increase water-use 
efficiency, savings and productivity, the net water use is likely to rise. To ensure that agricultural expansion 
remains resilient in the face of reduced water availability, increased variability, and increased competition 
both across sectors and across boundaries, careful consideration will need to be given to the trade-offs 
therein. 

Some of the risks associated with agricultural intensification include: 

§	Water quality challenges: with increased commercialization and scale-up of agriculture often comes 
greater use of chemical fertilizers, pesticides, and other artificial supplements or aids. Both irrigation 
water and rainfall result in some of this chemical content being washed into streams through runoff and 
into underground aquifers, contaminating water supplies. 

§	Heightened water demand: agricultural intensification could create added demand for water in the 
farming sector, particularly for food crops like rice that receive priority for food security reasons. 
While increased demand in and of itself is not a threat when water supplies are abundant, in the face 
of constrained water resources with competing uses, heightened demand and use in one sector such 
as agriculture could mean lesser water for other sectors. Even within the sector, this could mean more 
water being consumed by certain crops while others suffer due to water shortages.

 Risk to biodiversity: agricultural expansion or intensification often means the growth of monocultures 
and the use of fairly homogenous seed varieties. This reduces the natural heterogeneity of ecosystems, 
leading to loss of biodiversity (which ultimately also increases the threat of crop loss when one particular 
dominant variety is negatively affected, without other varieties to provide natural resilience). 

Hydropower Expansion 
Nepal has significant scope for expanding its hydropower generation, given that it currently makes use of 
less than 1% of its generation potential. In doing so, the country’s large energy deficit would be reduced. 
However, there is also an array of risks inherent in Nepal’s hydropower expansion which ought to be 
considered. 

From a water resource perspective, the Himalayan river basins are facing significant risks in terms of future 
water availability and variability. Although on an aggregate level Nepal appears to be water abundant, its 
high water variability results in it being far from water secure. Rather, much of the peri-urban and rural 
populations face challenges of flooding during the monsoon seasons, and water shortages during the dry 
seasons.35 Rising temperatures are likely to exacerbate these challenges in the future. Additionally, Nepal’s 
topography is already highly seismic. Climate change-induced temperature increases are expected to 
heighten glacial melt, which – when coupled with tremors – could increase GLOF risks and implications for 
the hydropower industry.

When planning hydropower projects, it is imperative that in-depth studies are conducted to determine the 
technical and economic feasibility of certain demarcated sites, as well as those that ought to be avoided. 
Furthermore, if not maintained adequately, the development of large infrastructure projects in this region 
is likely to both further impact on landscape instability, and be subject to this instability. For instance, in 
2014 alone, monsoon-related disasters directly affected over 200,000 people in Nepal, and displaced more 
than 34,000. The 2015 earthquake in Nepal was testament to the significant damage that natural disasters 
can have on both life and infrastructure. 
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In light of this, improper, inadequate, or unsystematic dam construction and operation could have 
implications for flooding not just in Nepal but also across the border into India. Furthermore, large 
dams and/or several badly sited dams can also disrupt the natural flow of water which, in turn, can have 
profoundly negative impacts on natural ecosystems, rivers and silt flows. Thus, in planning for hydropower 
development, it is imperative that these environmental and, in turn socio-economic, impacts are all taken 
into consideration.

As yet, the environmental impacts of Nepal’s hydroelectric projects have been limited by the fact that most 
are “run-of-the-river” type and small in nature. Many of these small projects are private sector investments. 
Indeed, the private sector has become an active player in hydropower development with, as of 2013, a total 
of 155 small hydropower projects with an estimated capacity of around 880MW being under investigation 
by private companies (more than Nepal’s current installed capacity).36  However, the Government of Nepal 
has started to exploit some of its untapped hydropower potential on a larger scale as well. The largest 
foreign investment deal in its history was recently signed with the Indian infrastructure group GMR to build 
a 900MW dam and tunnel system on the upper Karnali River, to the value of US$1.4bn. It is expected to be 
the first of at least four big projects which will both export electricity to India and attempt to alleviate some 
of the domestic energy deficit. 

The projected benefits of these four big projects are in the region of USD$17bn, which is approximate to 
the country’s annual GDP. According to Adam Smith International, at net present values the four projects 
are worth UD$6.5bn-UD$8.7bn.37 However, what is arguably not captured in these return figures are 
the net impacts of the projects’ inherent trade-offs. For instance, to what extent might the developments 
impact river flows for agricultural development? And what are direct and indirect opportunity costs of any 
agricultural production that is foregone as a result? To what extent have the first few of these projects dealt 
with the need for greater infrastructural resilience in the face of increasing climate change and variability? 
How might the dams impact on, and be impacted by, increasing seismic activity and glacial flooding? And 
what will be the downstream and transboundary impacts of water use for hydropower development more 
generally?

A lack of government accountability and general awareness of the trade-offs inherent in hydropower 
development means that current and future hydro-power schemes are likely to place additional pressures 
on the natural environment and potentially increase the risks to communities of poor disaster risk 
management. Thus, while the enabling environment for economic development in Nepal may have improved, 
cognizance must be given to the potential for large-scale investment to overshadow environmentally, and 
socio-economically sustainable planning. Crucial risk mitigation measures ought to form an integral part 
of development planning in order to ensure that the net impacts of these developments are closer to their 
forecast returns. Inadequate consideration of these risks and measures is likely to yield much lower returns. 

Nepal has the ability to ensure that environmental risks are adequately identified and managed, by 
mandating standardized, high quality environmental impact assessments. However, to ensure that these 
assessments are effective, they need to be coupled with an effective system of monitoring and evaluation 
which is, in turn, dependent on the state of water governance. In Nepal, there is a risk of developers flouting 
environmental regulations. The growing private sector activity in hydropower development is unlikely 
to wane in future years and thus it is imperative that water governance is strengthened to ensure that 
environmental regulations are upheld. Beyond regular EIAs, Nepal must start looking into the use of 
cumulative impact assessments (CIAs) at the catchment or sub-basin level.
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Figure 13. Major hydropower projects in Nepal (Source: http://www.sel.com.np/images/nepal.jpg)

Institutional Capacity Challenges
Nepal is emerging from a period of violence and internal political strife. However, it has not yet managed 
this transition successfully and there appears to be a signifi cant leadership vacuum in terms of effective and 
empowered institutions. There remains a high level of uncertainty about a vast range of policy and governance 
issues (including what kind of constitution will be adopted, or what the federal structure will look like at 
the provincial level etc.). Despite the Maoist crisis waning, there remain issues of trust between political 
factions and a lack of confi dence from the people of Nepal in their government. Most signifi cantly, there 
is tremendous lack of institutional capacity, and indeterminate political will on issues like environmental 
conservation and river basin management. While DFIs and some international FIs seem to be investing in 
Nepal despite this climate of uncertainty, it is unclear if such funding leads to commensurate results. 

Key risks associated with such a severe lack of institutional capacity and governance failures include:

•	 Poor policy development, where those in charge of framing policy are inadequately equipped to 
distinguish positive models and best practices from failed policies elsewhere. This could lead to very 
poor policies being blindly replicated in Nepal.

•	 Flawed implementation of sound policy. Even if Nepal puts in place well-thought out policies – 
especially with the guidance of international institutions - and adopts plans or regulations that have 
proven benefi cial in other countries, it may not achieve the optimal balance of resource development 
and protection if implementation and enforcement are insuffi cient. This is already the case and may 
worsen in the future.
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•	 Resource mismanagement or even degradation. Well-intentioned but vastly underqualified or 
inexperienced officials may not be equipped to manage Nepal’s water resources in a way that 
establishes adequate safeguards or monitors the actual changes on the ground due to hydropower 
development, industry, and other growing uses.

Furthermore, water governance in particular is by nature a complex, multifaceted issue in Nepal. Demands 
from a variety of sectors, certain of which are tied to international players add additional layers of complexity. 

One vivid example of the risk arising from a lack of institutional capacity in the water governance sphere 
is the government’s allocation of project licenses in what appears to be an indiscriminate and haphazard 
manner. Hydropower development licenses have reportedly been handed out to developers who do not 
proceed to develop the project. Instead, they trade the licenses in a secondary market and make money off 
the sale and purchase of the licenses. Moreover, it appears that licenses for projects have been handed out 
even when the building of one project has a detrimental impact on another one upstream or downstream. 
Thus it is clear that licenses have been distributed without adequate pre-feasibility studies or cumulative 
impact assessments being done. In this situation, it is likely that several of the licenses currently allocated 
may not be able to result in economically or technically viable projects. 

To a large extent, Nepal’s future socio-economic growth hinges on its ability to respond to these risks. 
The country is well placed to expand its hydropower generation and agricultural production, and grow its 
tourism sector, however each of these opportunities is dependent on careful, strategic planning that deals 
adequately with the water trade-offs between these sectors within the context of a changing climate. These 
trade-offs, and suggested approaches to better understand them and manage them, are discussed in detail 
in Volume One of this report.
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Annex A
Responses from Stakeholder on Key Questions and Uncertainties to Shape Scenarios for Nepal

Timeframe relevant to the two queries: Next twenty years (approximately until 2035)

KEY QUESTIONS

•	 What will be the primary drivers behind water use and hydropower development?

•	 What will be Nepal’s water availability or variability in the future in the context of climate change? 
Will planned / unplanned development have an impact on water availability? 

•	 How can we ensure equitable distribution of water resources for future development in Nepal?

•	 What will be the impacts of dam construction on downstream users?

•	 What will the regional energy scenario in this region look like in 20 years? Will demand for 
hydropower be as large as we anticipate?

•	 Will tourism and hydropower development in Nepal be sustainable? And how will this development 
impact on water resources?

•	 Will agriculture be able to support Nepal’s economy in the future?

•	 What holistic approach can be adopted in order to strengthen water-related institutions (both 
domestic and transboundary)?

•	 What are the cumulative development impacts, opportunities or trade-offs between key sectors, 
including hydropower, linear (or other) infrastructure development, and agriculture? 

UNCERTAINTIES

•	 Climate change and variability, and its impacts on the hydrological regime and natural disasters

•	 Linear infrastructure development

•	 Impacts of hydropower development on commodity markets

•	 Forest degradation (due to development), and resultant environmental impacts

•	 Changing / implementation of government policies and plans

•	 Investment levels and investment environment 

•	 Adaptive (technical) capacity of farmers / climate-smart agriculture 

•	 Impact of environmental degradation on tourism

•	 Water quality 

•	 Geopolitics – transboundary issues
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Annex B
Core Premise and Main Assumptions for Three Scenarios, as Framed in the Initial Stakeholder Session
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Annex C – List of Stakeholders Involved 
Annu Rajbhandari World Bank

Ari Nathan Embassy of the United States of America

Arnaud Chauchois ADB

Bhanu Pokharel NHA

Braj Kishor Yadav MoFSC

Chudamani Joshi Embassy of Finland

Deepak KC UNDP

Gautam Rajkarnikar DHM

Guy Pegram PEGASYS

Jay Pal Shrestha Embassy of the United States of America

Jagadish Chandra Pokharel  Former Vice Chairperson NPC

Jhamak Prasad Sharma WECS

Karolyn Upham USAID

Khadga Bahadur Bist IPPAN

Megh Nath Neupane Confederation of Nepalese Industries

Netra Sharma Sapkota USAID

Nirendra Basnett NWCF

Pradip Basnet NTB

Premnarayan Kandel DSCWM

Ram Gopal Kharbuja DOED

Rijan B Kayastha KU

Shahriar Wahid ICIMOD

Udhab Raj Khadka CDES

Uttam Kunwar FNCCI

Vijay Kumar Mahato DRO

Bhawani S Dongol WWF Nepal

Mahendra K Shakya WWF Nepal

Padma Lal Gautam WWF Nepal

Santosh Mani Nepal WWF Nepal

Ugan Manandhar WWF Nepal

Christina Pradhan WWF Nepal

Kanchan Ojha WWF Nepal

Shivani Malla WWF Nepal

Sami Tornikoski WWF- LHI

Sarah Canyngham PEGASYS

Shravya K Reddy PEGASYS

Sonam Choden WWF- LHI
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