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Foreword
The Koshi River basin, a transboundary basin
shared by China, Nepal, and India, provides critical
ecosystem resources to over 35 million people. It
is rich in natural resources and has the potential
to harvest its surplus water for multiple uses and
contribute to sustainable development in the basin.
However, the basin also faces many challenges
in water resource management. Already prone
to multiple hazards, climate change impacts,
including extreme weather events such as floods
and droughts, are expected to increase in the
basin. Access to adequate and good quality water
resources in upstream and downstream areas of
the basin has its own set of issues, including local
water governance. At the transboundary scale,
the basin’s countries could benefit from improved
river basin management, thereby maximizing the
benefits of water use and minimizing water-related
hazards. Improved decision-making regarding
river basin management, based on a common
understanding of issues, could increase the benefits
to people in the basin.
As a regional knowledge and learning centre,
ICIMOD supports regional collaboration and an
integrated approach to development in advancing
knowledge for the people living and working in the
Koshi basin. ICIMOD’s River Basins and Cryosphere
(RBC) regional programme has been working to
understand the water towers in the Hindu Kush
Himalaya (HKH) region. The HKH is the source of
ten major Asian rivers whose waters are critical for
the livelihoods, development, and sustenance of
nearly 2 billion people living in their river basins.
Using an integrated and inclusive approach, the
programme generates information to support
water resource management and water-related
disaster risk reduction. It also develops and tests
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solutions for different environmental issues while
strengthening upstream‒downstream linkages.
RBC’s Koshi Basin Initiative has been working with
a wide range of partners, including governments,
academics, and practitioners, for almost 10
years. In the process, it has gathered a wealth of
knowledge about different aspects of the Koshi
basin and piloted several actions pertaining
to water resource management. Based on this
experience and the published literature, this book
draws on existing knowledge about the Koshi
River basin to offer a comprehensive, holistic
understanding of the water and land resource
management issues in the basin. It also presents
examples of potential actions in the basin to
address these issues. The resource book also
identifies the gaps for improving decision-making
and suggests how we can move forward.
Readers of the book will be able to understand the
status of the water and related ecosystems in the
Koshi River basin, and how they are being utilized.
The governance mechanisms for managing these
ecosystems at different scales are presented,
along with case studies that highlight possible
actions to improve water and land resource
management. I hope that this book will prove
to be a useful resource that promotes dialogue
among stakeholders in the basin and helps build on
existing knowledge that would both inform future
research on the basin and help plan projects that
could have transboundary impacts.

Pema Gyamtsho, PhD
Director General, ICIMOD

Preface
The Koshi River is one of the major tributaries of
the Ganges. Its basin drains the sparsely-populated
Tibetan Plateau, and the high mountains in northeastern Nepal. The river then flows through
the mid-hills and the Terai plains into the IndoGangetic Plain in northern Bihar, India, where
it meets the Ganges River. The basin’s diverse
topography has created unique habitats for the
varied flora and fauna found in it. Over 35 million
people living in the basin are dependent on its
water resources for their livelihoods. The basin
receives nearly 80% of its water during the summer
monsoon; managing access to water throughout the
year is a major challenge.
Managing water availability and meeting demand
in the upstream and downstream parts of the basin
pose different sets of challenges. In the mid-hills,
the drying of springs has increased the burden
women face in fetching water for drinking and
other uses. At the watershed and basin scales,
sustainable infrastructure development for water
management, including the building of hydropower
plants, requires coordination between different
sectors and authorities. Managing land and water
resources in the context of climate change is all the
more challenging as water availability is altered
and the incidence of extreme events (hazards)
increases, with varied implications for different
water-dependent sectors.
The need for transboundary collaboration in the
basin is exemplified by the impacts of water-related
disasters and the need for better water resource
management. Potentially dangerous glacial lakes
upstream in China can have harmful impacts in
downstream Nepal. Landslides and erosion in
upstream Nepal can change a river’s morphology
and ultimately exacerbate flood impacts.

These challenges also throw open opportunities for
collaborative management of the basin’s resources.
For example, water stored upstream – in natural
systems of the biosphere and in artificial systems
– could potentially be released in a controlled
manner, particularly during the dry months of the
year, which would help communities downstream.
Early warning systems for glacial lake outburst
floods (GLOFs) and flash floods could save lives and
livelihoods in downstream areas. Enabling this
requires collaboration between the countries of the
basin as well as stakeholders in different sectors.
This resource book highlights the importance of
integrated river basin management (IRBM) in the
transboundary Koshi River basin. IRBM promotes
participatory planning and implementation
processes that bring stakeholders together for
collective action on the conservation, planning,
and management of water resources by considering
water demand for various uses in an equitable
manner. This book provides information for a
meaningful dialogue among different stakeholders
towards improved water management in the basin.
It considers not just the water within the system,
but also related ecosystems, water-related disasters,
and potential governance mechanisms. To this
end, the resource book uses Nobel laureate Elinor
Ostrom’s social‒ecological system (SES) framework
to present the findings of studies on biophysical and
socioeconomic systems in the river basin and for
discussing issues relevant to governance at the river
basin level. For this, it draws on research papers
prepared under ICIMOD’s Koshi Basin Initiative
(2012–till date). Wherever necessary, it also draws
on other publications relevant to the Koshi River
basin.
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How to use this
resource book
The proper management of water resources
requires an understanding of the water resource
system and related ecosystems, their uses
and users, and governance mechanisms that
incorporate a river basin approach. This book
analyses these complexities and indicates
possible approaches for water management at
different scales in the Koshi River basin. It would
be useful for policy makers, administrators,
development workers, and researchers working
on addressing water resource management issues
in the Koshi River basin. Each chapter presents
the state of knowledge, key knowledge gaps, and
recommendations about ways forward, so that
readers can build on this knowledge.
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CHAPTER 1

Introduction
This resource book presents relevant
biophysical and socioeconomic
information on the Koshi River basin
to enable informed, prudent decisionmaking by concerned stakeholders.
Vaidya, R. A., Shrestha, A. B., Nepal, S., Shrestha, K. (2022).
Introduction. In R. A. Vaidya, A. B. Shrestha, S. Nepal, & K. Shrestha
(Eds). The Koshi River basin: Insights into biophysical, socioeconomic,
and governance challenges and opportunities. Resource book.
ICIMOD.
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KEY MESSAGES

The transboundary Koshi River
basin faces major challenges
such as climate variability and
change; a cascading, multi-hazard
environment; risks from a large
number of potentially dangerous
glacial lakes; and, the upstreamdownstream linkages of resource
use and associated impacts.
This resource book documents
available information on
important issues in the basin
related to climate change, water
resources and their use and
governance, and suggests some
innovative solutions and ways
forward for decision makers
across the transboundary basin.
The contents are presented using
the social‒ecological system (SES)
framework, which provides a
useful structure for organizing
findings related to biophysical
and socioeconomic systems and
policies and institutions for river
basin governance.
The results of the analysis
could be the basis for dialogue
among various stakeholders –
policy makers, practitioners,
administrators, decision makers,
and researchers – to address water
and hazard management issues in
the Koshi River basin.

2
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The Koshi River flows from the Tibetan Plateau
in China, through eastern Nepal, and on to Bihar
in India (where it is called the Kosi), and joins the
Ganges River near Kursela. It has seven major
tributaries in its upper reaches, which gives
the river its alternative name, Saptakoshi. The
catchment area of the Koshi River basin (KRB)
is 87,311 km2, 45% (39,407 km2) of which lies in
Nepal, 33% (28,300 km2) in China, and 22% (19,604
km2) in India (Figure 1). This transboundary basin
straddles five counties of the Tibet Autonomous
Region (TAR), China, 27 districts in Nepal, and 16
districts in Bihar, India (Chapter 2, Annexure 3).
Of Nepal’s 27 districts, five are mountain districts,
11 lie in the mid-hills, and the remaining 11
districts are in the plains, in the Terai. The basin
lies in provinces 1, 2, and 3 in Nepal’s relatively
new federal structure. Eleven of the 14 districts in
Province 1, seven of the eight districts in Province
2, and nine out of 13 districts of Province 3 are
located in the KRB.
The basin’s altitude ranges from 60 metres above
mean sea level (masl) in the alluvial plains of India,
to 8,848.86 masl at Mount Everest, the highest point
in the world. In 2011, a little over 36 million people
lived in the basin, 25.3 million in India, 10.4 million
in Nepal (more than one-third of the country’s total
population), and 95,000 in China (Amjath-Babu et
al. 2019; CBS 2011; GoB 2012; IMHE 2016).

FIGURE 1
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Our motivation in preparing a resource book for
the Koshi River basin was the following. Climate
variability and climate change, upstream‒
downstream linkages of resource use and
associated impacts, and a cascading, multi-hazard
environment, the presence of a large number of
potentially dangerous glacial lakes, a high sediment
load, and intra-annual variability in streamflows
and water availability (exacerbated by climatic
variability and climate change) are some of the
major challenges in the KRB. At the same time,
since it is a surplus water basin (calculated on an
annual average basis), it also provides tremendous
opportunities for harnessing water resources for
productive agriculture, for sustaining biological
diversity, for generating clean energy, and for
providing drinking water and sanitation. Such
challenges and opportunities, both, inform
decisions related to water and hazard management
in the KRB.

the impacts of the drivers, and the responses
undertaken. For example, climate change and
variability may be the driving forces, leading to
floods and landslides (pressure), and resulting in
farmland degradation (state of the environment).
This, in turn, leads to declining farm incomes
(impact of the drivers), to which the community
responds through better watershed management.

Since it is a transboundary basin, such decisions
are made by stakeholders in provinces and states
in different countries, but they are all making
independent choices in an interdependent
situation. There is, therefore, a need for a document
that provides the relevant biophysical and
socioeconomic data, information, and knowledge
about the river basin as a whole, to all concerned
stakeholders, so that all parties make informed,
prudent decisions, even if they make the decisions
separately. The objective this resource book is to
document the available information on all these
issues, point to knowledge gaps, and suggest ways
forward. Its potential target audience comprises
policy makers, practitioners, administrators,
decision makers, and researchers. The results
of the analyses, based on data and information,
could be the basis for dialogue among various
stakeholders for finding solutions to problems
regarding water and hazard management in the
Koshi River basin. They could also be valuable for
coordinating activities at a river basin level.

Figure 2 presents the key components of the
SES framework. ‘Resource system’ refers to the
biophysical system ‒ whose elements would include
glaciers, lakes, aquifers, wetlands, and rivers ‒
through which the levels of the focal resource,
such as water, are regenerated by natural, dynamic
processes. ‘Resource units’ refer to the units
extracted from a resource system, which can then
be consumed or used as an input for production,
for example, irrigation water from lakes and rivers,
drinking water from springs, and electricity from
hydropower plants. ‘Users’ refer to the consumers
of these resource units. Finally, ‘governance system’
refers to the processes or institutions through
which the rules shaping the behaviour of the users
are set and revised. These four components are
affected by, and in turn affect social, economic,
and political settings (the broader context within
which the governance system per se is located) and
related ecosystems (the broader ecological context
within which the focal resource system ‒ in this
case, water ‒ is located) (McGinnis 2011; Ostrom
2009, 2010).

1.1. Social‒ecological system (SES)
framework

The SES framework is the most appropriate for
presenting the contents of this resource book.
In addition to providing a common framework
for organizing our findings both on biophysical
and socioeconomic systems, it also provides the
conceptual space to address issues of sustainable
infrastructure development and to discuss
appropriate policies and institutions for river basin
governance systems. Furthermore, the commonpool resources (CPR) school of thought, which
underpins its analysis of governance systems,
is considered the leading one on institutional

There are multiple frameworks available for
documenting and analysing biophysical and
socioeconomic data, information, and knowledge
at a river basin level. These include the Driver‒
Pressure‒State‒Impact‒Response (DPSIR)
framework and the social‒ecological system (SES)
framework. The DPSIR framework (Kristensen
2004) is useful to assess the drivers, the pressure
that ensues, the state of the environment,
4
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The SES framework, developed by the late
Nobel laureate Elinor Ostrom (Ostrom 2009) is a
comprehensive conceptual framework useful for
studying how, in this context, the interactions
between different variables of a water resource
system (for example, the size of lakes), resource
units (the distribution of irrigation water),
governance systems (such as the operational rules
of farmer-managed irrigation systems), and water
users (the socioeconomic attributes of farmers)
might affect outcomes (such as farm income).

FIGURE 2

GENERAL FRAMEWORK FOR SOCIAL‒ECOLOGICAL SYSTEMS

Social, economic, and political settings (S)

Governance
system (GS)

Resource
system (RS)

Resource
units (RU)

Interactions (I)

Users (U)

Outcomes (O)

Related ecosystems (ECO)
Source: Adapted from Ostrom (2009)

arrangements for water governance (Hassenforder
and Barone 2019).

1.2. Structure of this resource book
This resource book contains four chapters after
this introduction. In Chapter 2, we discuss
material pertaining to the basin’s water resource
system, related ecosystems, and water-related
hazards. The weather and climate of the Koshi
River basin are reviewed in section 2.2. Past
changes in temperature and precipitation, and
future projections along with climatic extremes
are examined. Section 2.3 covers land use and
land cover changes in the basin. It reviews the
information on the total land area covered by
forests, water bodies, barren land, agriculture,
grasslands, and the built-up area in two time
periods, 1990 and 2010. Likewise, future projections
in land use patterns are also examined. In section
2.4, we review the status of vegetation and forest
types, rangeland, and wetlands in the basin. The
changes in ecosystems and ecosystem services
over time are also analysed. Section 2.5 reviews the
water resource system, including the current status
of, and changes in the major water bodies of the
basin, comprising the cryosphere and its wetlands.
The changes in water availability under a variable
climate, and the quality of the water resource
system are also reviewed. Section 2.6 discusses
potential hazards, their impacts, and trends.

Chapter 2 also presents information about
socioeconomic trends in the KRB. This includes
its demographic features and trends; livelihoods
such as agriculture, fishing, and tourism, and
recent changes in these; and several socioeconomic
indicators relevant to sustainable development
goals (SDGs) in the basin. The gender-disaggregated
absentee population, and gender-based work
participation, mostly in India and Nepal, are also
analysed.
In Chapter 3, we present material on water resource
units in the basin and their users. This includes
information pertinent to environmental flows,
agriculture (irrigation), energy (hydropower), and
domestic uses (drinking water and sanitation).
The chapter describes the existing water resource
units for four major water use sectors: (i) domestic
uses; (ii) agriculture; (iii) hydropower; and (iv)
ecosystems in the KRB. It also discusses the
existing uses of water and projections in demand,
taking into consideration socioeconomic and
climatic changes. The analysis also reflects on
the economic benefits of water infrastructure
development, in terms of enhancing productivity
and reducing the risk of water-induced disasters.
At the end of the chapter, the report also discusses
water resource systems with respect to integrated
river basin management of the KRB and highlights
the existing knowledge gaps.
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We do not have a separate chapter on users.
Discussions about users are embedded in chapters
2, 3, and 4. As pointed out in Ostrom (2011), it was
later realised that ‘users’ have to be replaced by
‘actors’, because “there are multiple types of actors
affecting outcomes and that the initial focus on
resource users limited what could be analysed”
(Ostrom 2011: 22). Therefore, we felt it would be
better to embed the discussions on users in the
components to which they closely relate, such as
water resource units and the governance system.
In Chapter 4, we discuss river basin governance,
including institutional arrangements for a river
basin approach to water governance, current
approaches to cross-border cooperation in
the basin, and the harmonization of national,
provincial, and local water policies and practices
in the basin. In section 4.2, we review and discuss
policies and practices in the countries in the KRB,
covering varied geographical scales from the local
to the national. In section 4.3, we review current
approaches to cross-border cooperation in the
river basin and suggest ways to develop it further.
In section 4.4, we discuss a river basin approach
to water governance and the way forward for
institutional arrangements regarding cross-border
cooperation in the KRB.
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Finally, in Chapter 5, we present innovative actions
and solutions for water resource management.
It draws on chapters 2 ,3 and 4 and identifies
five major issues: managing water availability
and demand, reducing disaster risks, reducing
ecosystem degradation, improving climate-resilient
livelihoods, and supporting transformative
livelihoods. We present select case studies of
interventions taking place in the Koshi River
basin and those with the potential to be applied in
this basin. For each of these five issues, two case
studies have been chosen, one at the local scale
and the other at a larger scale or as a package
of case studies. The section on transformative
livelihoods presents three. The case studies are
transdisciplinary in nature. The information
in each is organized into identifying what the
issue is, the set of actions aimed at addressing it,
the intended benefits, and what is necessary for
improved outcomes of the actions at scale. Most
of the solutions have been piloted and tested,
providing a two-way feedback from society to
science and back to society, ensuring a healthy
mutuality between experts and beneficiaries.
The solutions presented have been designed and
implemented with adequate consideration of how
gender dynamics may affect, or be affected, by the
solution.
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CHAPTER 2

The water
resource system
and related
ecosystems in the
Koshi River basin
Using the SES approach, varied
aspects of resource systems, such
as climatic trends, land uses, its
water resource system, hazards, and
socioeconomic parameters of the
Koshi River basin are reviewed. This
information is essential for the future
planning and management of its
resources.
Shrestha, A. B., Wagle, N., Uddin, K., Zhang, Y., Bhatta, L. D., Wu, X.,
Paudel, B., Liu, L., Nepal, S., Ranabhat, S., Shrestha, F., Maharjan, S.
B., Bharati, L., Shrestha, M., Shah, D. N., Gurung, D. R., Pradhananga,
S., Sinha, R., Neupane, N., Bastola, A., Maharjan A. (2022). The water
resource system and related ecosystems in the Koshi River basin. In
R. A. Vaidya, A. B. Shrestha, S. Nepal, & K. Shrestha (Eds). The Koshi
River basin: Insights into biophysical, socioeconomic, and governance
challenges and opportunities. Resource book. ICIMOD.
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KEY MESSAGES

About 35.6 million people reside in
the Koshi basin. However, natural
hazards, climate change, changes
in land use and land cover, and
population growth are placing
pressure on its water resources,
ecosystems, livelihoods, and food
production systems.
The diverse ecosystems in the
basin, which provide habitats for
several species of flora and fauna,
including rare, endemic, and
threatened species, are also under
pressure.

2.1. Introduction
The transboundary Koshi River basin (KRB) has
numerous communities and castes, a rich culture
and biodiversity, provides varied ecosystem
services, and its water resources sustain the lives
and livelihoods of millions of people in China,
Nepal, and India. With altitudes ranging from
60 metres above mean sea level (masl) to 8,848
masl, the basin provides varied habitats for large
numbers of flora and fauna, and is characterized by
various ecosystem types, including water bodies,
forests, grasslands, and rangelands. The basin’s
ample water resources provide great potential for
hydropower generation, as well as being crucial for
key livelihood activities such as irrigation, tourism,
and fishing, and for domestic uses.
The presence of several biophysical and
socioeconomic drivers and their complex
interactions influence the way the basin’s resources
are utilized. A diverse topography, frequently
occurring natural hazards, erosion, sedimentation,
population growth, and urbanization are some of
the drivers that put pressure on the water bodies
and related ecosystems in the basin. Anthropogenic
climate change is further increasing the frequency
and magnitude of several natural hazards. It
has altered the hydrological cycle and has had a
significant impact on the natural resources in the
basin. It is reported that the frequency of floods,
landslides, and glacial lake outburst floods (GLOFs)
has been increasing in recent years. Similarly,
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changes in land cover, improper land use, and
cultivation have altered land use patterns in the
basin, at times to the detriment of ecosystems.
Elinor Ostrom’s social‒ecological system (SES)
framework (Chapter 1, Figure 2), whose elements
were introduced in the previous chapter, is useful
in analysing a range of systems and the critical
relationship between them (McGinnis and Ostrom
2014). It is considered effective in understanding
several issues affecting river basins in order to
develop a river basin management plan. The
resource system (RS) is an important component
of the SES framework. It includes, in our context,
water and related ecosystems, which are dealt with
in detail in this chapter.
This chapter reviews the current status of, and
changes in several elements of resource systems
that are relevant in the context of the KRB, such
as climatic trends, ecosystems and ecosystem
services, land use, water resources, hazards,
and socioeconomic parameters. Understanding
the current status and future scenarios of these
resource systems is important for the future
planning and management of resources, including
effective adaptation measures. This information
would help decision makers and policy makers
promote a sustainable use of the resources in the
transboundary basin. A deeper understanding of
the several biophysical and socioeconomic factors
relevant to the basin can provide meaningful
solutions to address the multiple challenges as well,
minimize the adverse impacts of extreme events,

and maximize the benefits and implementation
of integrated river basin management (IRBM).
Likewise, understanding upstream‒downstream
linkages is vital for IRBM. As the river flows from
high altitudes to downstream areas, any activities
or alterations that take place upstream in the basin
affect populations downstream (Nepal et al. 2014).
The second section of this chapter (section 2.2)
discusses the weather and the changing climate in
the KRB. It looks at changes over time and future
projections of temperature and precipitation, along
with climatic extremes. Knowledge about these
climatic parameters and their impacts on resource
systems are useful for successful IRBM.
Section 2.3 covers land use and land cover change
(LULCC), one of the biggest environmental
problems in the basin. The information on the total
land area covered by forests, water bodies, barren
land, agriculture, grasslands, and built-up area
under different time periods is reviewed. It also
looks at projected changes in land use patterns.
Section 2.4 examines the ecosystems and ecosystem
services in the KRB, as the basin provides habitats
to diverse floral and faunal species and supports
several restricted and globally threatened species.
It reviews the status of vegetation and forest types,
rangeland, and wetlands. It discusses protected
areas in the basin that conserve critical ecosystems
and threatened species. The last part of this
sub-section discusses changes in ecosystems and
ecosystem services.
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The status of the water resources system is
reviewed in the fifth subsection. It includes the
status of, and changes in the major water bodies of
the basin, comprising the cryosphere and wetlands.
The changes in water availability under a variable
climate, and the quality of the water resource
system are also reviewed.
Section 2.6 presents a typology of natural hazards
– GLOFs, floods, landslides, landslide lake
outburst floods (LLOFs), debris flows, droughts,
hydrological extremes, erosion, sedimentation,
and earthquakes. Potential hazards and their
impacts, and upstream‒downstream linkages with
transboundary implications are reviewed.
Section 2.7 presents socioeconomic trends,
including demographic features. The key livelihood
activities in the basin, such as agriculture, fishing,
and tourism, changing trends in them, the genderdisaggregated absentee population, and genderbased work participation, mostly in India and
Nepal, are analysed.

2.2. Weather and climate in the
Koshi basin
Changes in climatic parameters, mainly
precipitation and temperature, are an important
consideration in assessing water resources in any
river basin. Information on past, present, and
future climates is hence vital for the management
and planning of water resources, along with the
implementation of adaptation measures to cope
with the changing climate. The KRB is highly
vulnerable in terms of climate change affecting
its water resources and ecosystems, and the
livelihoods and food security of its people (Hussain
et al. 2016).
The climate in the KRB varies from a tropical
climate in the south, passing through warm and
cool temperate climates, to alpine conditions as
elevations increase further to the north (Agarwal
et al. 2014; Dixit et al. 2009). The basin covers six
geological and climatic belts: the trans-Himalayan
zone (more than 5,000 masl), the alpine zone
(4,000‒5,000 masl), the sub-alpine zone (3,000‒4,000
masl), the temperate zone (2,100‒3,000 masl), the
subtropical zone (1,000‒2,100 masl) and the tropical
zone (below 1,000 masl) (Qi et al. 2013).
The Koshi basin has four distinct seasons:
pre-monsoon (March‒May), monsoon (June‒
September), post-monsoon (October‒November),
and winter (December‒February). The pre-
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monsoon season is hot and dry, with scattered
rainfall. The monsoon is hot and humid, with
overcast skies and intense precipitation. Rainfall
reduces during the post-monsoon season. The
winter is characterized by clear skies, low
temperatures, and little precipitation (Shrestha et
al. 2012). The climate in the southern part of the
basin is strongly influenced by the South Asian
monsoon, whereas the Tibetan Plateau (TP) lies in
a rain-shadow area where the effect of the summer
monsoon is low.

2.2.1. Climatic trends
2.2.1.1. TEMPERATURE

In general, temperatures decrease as one goes
from south to north; however, considerable spatial
variation exists due to the basin’s topography. The
average maximum and minimum temperatures in
the basin for 1961‒2007, and the months in which
they occur, are given in Table 1. In the transHimalayan zone, the minimum winter temperature
can fall to less than ‒17 degrees Celsius (°C).
Trend analyses have reported warming in a major
part of the basin, with more prominent warming
at higher altitudes (NDRI 2013; Rajbhandari et
al. 2016; Yang et al. 2011). Sharma et al. (2000),
using data up to 1993, found an increasing trend
in average temperatures across the basin that was
generally similar in all seasons but not similar
spatially. Nepal (2016) analysed data from three
meteorological stations and reported a statistically
significant warming in the Nepali part of the
basin over the last four decades, especially after
the 1980s, with a higher rate of increase in the
mean maximum temperature (0.057°C/yr) than
the mean minimum temperature (0.014°C/yr).
A trend analysis of temperature indices over 35
years from 22 stations also confirmed warming
in the basin, with an increase in maximum and
minimum temperatures by 0.01°C/yr and 0.03°C/yr,
respectively, expectedly with some spatial variation
(Shrestha, Bajracharya et al. 2017). Similarly,
other studies have shown warming in parts of
the Koshi basin – in the Tama Koshi by 0.025°C/yr
(Khadka et al. 2014), and in the Koshi part of Mount
Qomolangma/Everest by 0.025°C/yr, with sharper
increases after the 1990s, and particularly after the
2000s (Qi et al. 2013). Likewise, the Tibetan Plateau
has also experienced significant warming, with a
higher increase in minimum temperatures (Liu and
Chen 2000; Liu et al. 2006; You et al. 2008), likely due
to anthropogenic greenhouse gases emissions and
changes in cloud cover (You et al. 2008).

TABLE 1

AVERAGE MAXIMUM AND MINIMUM TEMPERATURES (1961‒2007) AND PRECIPITATION (1951‒2007) IN DIFFERENT ZONES
OF THE KOSHI BASIN

Maximum temperature
(°C)

Minimum temperature
(°C)

Average annual
precipitation (mm)

Trans-Himalaya

14.4 (June)

‒17.2 (Jan)

430

Mountains and mid-hills

28.3 (May)

4.3 (Jan)

1,500

Plains

41.8 (April)

15.2 (Jan)

1,990

Zone

Source: APHRODITE data. It includes daily mean precipitation and temperature data available at 0.05 x 0.05-degree resolution
Note: The regions are shown in Figure 1

There has been greater variation in temperature
extremes in the mountains than in the plains.
There has been an increase in warm days, warm
nights, the diurnal temperature range (DTR),
and the warm spell duration indicator (WSDI) at
mountain stations, whereas a decrease in warm
days, cool nights, WSDI, and DTR, and an increase
in the number of cold days have been observed in
the plains. A decrease in the cold spell duration

FIGURE 3

indicator (CSDI) has been observed in the plains,
whereas a variation in mountain stations was
observed, reflecting warmer days (Shrestha,
Bajracharya et al. 2017). Rajbhandari et al. (2018)
reported that the highest maximum and the lowest
minimum temperatures both show a warming bias,
with the highest maximum temperature exceeding
50˚C over the southern part of the basin, mostly in
India (Figure 3).

SPATIAL DISTRIBUTION OF HIGHEST MAXIMUM TEMPERATURE (˚C) FOR THE BASE PERIOD 1961‒1990 AND THREE
SIMULATED PROJECTIONS

Source: Rajbhandari et al. (2018)
Notes: (1) 3a is APHRODITE data; b, c, and d are from the simulations q0, q1, and q14 respectively made under the Quantifying Uncertainties in
Model Projection (QUMP) experiments. (2) The white lines represent international boundaries.
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2.2.1.2. PRECIPITATION

The northern part of the basin is relatively dry and
receives only 430 millimetres (mm) of precipitation
annually, on average. The mountains and midhills receive about 1,500 mm a year and the plains
receive about 1,990 mm of annual rainfall (Table 1).
Precipitation patterns in the KRB are dominated by
the summer monsoon (June‒September), during
which it receives more than 80% of its annual
rainfall (WWF 2009; Yatagai et al. 2012). There is a
large spatial and temporal variability in rainfall,
even within short distances, due to the basin’s
orography.
Most studies indicate no significant trend in
precipitation at the regional level, but significant

FIGURE 4

trends have been observed at a few meteorological
stations. There has been an increase in rainfall
in the southern to central middle mountains and
valleys, and a decrease in the trans-Himalayan
region (Rajbhandari et al. 2017). Figure 4 shows the
spatial distribution of summer rainfall in the basin
during 1961‒1990. Nepal (2016) reported an increase
in precipitation in 24 out of 36 stations in the Nepali
part of the basin; the rest show a decrease. There
has also been a decrease in the total number of
wet days, an increase in the number of dry days,
a sharp increase in the number of consecutive
dry days, and an increase in the number of days
with heavy precipitation, between 1975 and 2010
(Shrestha et al. 2017). Overall, there has been an
increase in total precipitation over time, and in
rainfall intensity.

SPATIAL DISTRIBUTION OF SUMMER RAINFALL (IN MM) FOR THE BASE PERIOD 1961‒1990 AND THREE SIMULATED
PROJECTIONS

Source: Rajbhandari et al. (2017)
Notes: (1) 4a is from APHRODITE data; b, c, and d are from the simulations q0, q1, and q14 respectively.
(2)The white lines represent international boundaries.
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Viewed at the sub-basin level, there has been a 4.7
mm/year increase in rainfall over 1961‒1900 in
the Tama Koshi sub-basin (Khadka et al. 2014). An
unclear spatial and temporal trend, but with an
overall increase in rainfall from 1971‒2009, by 4.27
mm/yr, has been observed in the southern part
of Mount Qomolangma (Qi et al. 2013). However,
Sharma et al. (2000) found no significant spatial
or temporal trends in rainfall in the mountainous
regions of eastern Nepal and southern Tibet during
1947‒1993.

and emission scenarios. The uncertainty range in
temperature projections increases with respect to
time for all seasons (Agrawal et al. 2015).
2.2.2.1. PROJECTIONS IN TEMPERATURE

2.2.2. Future climate scenarios

Climate projections generally indicate significant
warming in the KRB by both the middle and end of
this century, with greater warming at high altitudes
and more prominent warming during winters
(Rajbhandari et al. 2016, 2017). Average warming
up to 5°C is projected in the trans-Himalaya by the
mid-century (Rajbhandari et al. 2016). Likewise,
average minimum temperatures in the basin are
projected to increase in the range of 4°C‒8°C by
the late 21st century (Rajbhandari et al. 2017). A
more recent study also predicted future warming,
more prominent during winter, with an increase
in average minimum temperatures of 5.3˚C by
the end of the century (Rajbhandari et al. 2018). A
study of the Tama Koshi sub-basin also indicated
an increase in mean temperatures at the rate of
0.025°C/yr up to the mid-century (Khadka et al.
2014).

Information regarding future climate scenarios
is an important input for the proper management
and planning of water resources, including disaster
risk reduction (DRR). For this, depending on the
purpose and scale of the interventions, quantitative
projections at regional and local scales are required
(Agarwal et al. 2014). Considerable uncertainties
are associated with climatic projections, which vary
with the time horizon of the projection, variables,

Future projections also indicate an increase in
extreme temperatures and temperature events
(Agarwal et al. 2015), with the highest maximum
temperature increasing by up to 6˚C over the higher
Himalayan parts of the basin by the end of the
century (Rajbhandari et al. 2018) (Figure 5). Caesar
et al. (2011) suggest an increase in warm extremes
and a decrease in cold extremes, based on data
from three meteorological stations in the basin.

An increase in extreme precipitation has been
observed in the eastern and central Tibetan
Plateau, but of low statistical significance due
to the possibility of inter-annual and decadal
variability (You et al. 2008). It must be said that
there are limitations in the spread and quality
of precipitation data due to a lack of sufficient
observations, particularly at the higher elevations,
and especially due to the lack in the availability of
long-term data sets.
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FIGURE 5

PROJECTED CHANGES IN THE HIGHEST MAXIMUM TEMPERATURE (IN ˚C) AGAINST THE BASELINE PERIOD 1961‒1990 IN
THE 2020s (LEFT COLUMN), 2050s (MIDDLE), AND THE 2080s (RIGHT) FOR THE THREE SIMULATIONS Q0 (TOP ROW), Q1
(MIDDLE), AND Q14 (BOTTOM)

Source: Rajbhandari et al. (2018)

Elevation-dependent warming (EDW) is well established in the Hindu Kush Himalaya (HKH) (Fan et al. 2015;
Liu and Chen 2000; Shrestha et al. 1999). Although a study on EDW has not been conducted specifically for the
KRB, it is very likely that a similar phenomenon is occurring in the basin.
16
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2.2.2.2. PROJECTIONS IN PRECIPITATION

There are inconsistencies between studies
regarding the magnitude of projected changes
in precipitation and their spatial distributions
(Agarwal et al. 2014; Bharati et al. 2012, 2016;
NDRI 2013). Agarwal et al. (2014) projected an
increase in summer, autumn, and overall annual
precipitation in the basin and a decrease in
spring precipitation, but with high uncertainty.
Rajbhandari et al. (2018) also indicated a nonuniform rainfall distribution in the basin, with an
increase in the middle mountains and the southern
plains but a decrease over the trans-Himalayan
region. Likewise, Bharati et al. (2016) projected a
decrease in winter precipitation throughout the
basin barring the trans-Himalayan region, and an
increase in monsoon precipitation (2%‒46%) in the
trans-Himalaya under the A2 climate projection,
indicating both an increase and decrease in the
intensity of precipitation by the 2030s. Gosain et al.
(2010) projected an increase in precipitation in the
entire basin by 10% during 2071‒2100. Similarly, an
increase in mean annual precipitation by 8% by the
2030s and 16% by the 2050s has been projected for
the Tama Koshi sub-basin (Khadka et al. 2014).
Regarding extremes, variations in extreme
precipitation under different simulations have
been reported. Rajbhandari et al. (2017) reported
a decrease in rainfall frequency, but a slight
increase in its intensity over the southern plains.
Similarly, less frequent but more intense rainy days
in the basin have been projected for the end of the
century (Rajbhandari et al. 2018). A study by the
Nepal Development Research Institute projected
extreme precipitation to become more pronounced
in 2025‒2060 (NDRI 2013). However, based on data
from three stations, Caesar et al. (2011) reported
trends in precipitation extremes during 1971‒2005
as less spatially consistent across the region. The
studies, taken together, point to large uncertainties
in rainfall projections for the basin, posing a
challenge for impact analysis studies.

Knowledge gaps and recommendations
•

The lack of an adequate and well-distributed
observation network is a big impediment in
robust climate analysis of the Koshi basin. A
network incorporating its altitudinal variations
and with a river basin approach should be
established

•

Climate projections have large uncertainties
in model outputs due to limited representation
of processes characteristic of the eastern

Himalaya, coarse spatial resolution, and
limited availability of data for validation and
correction of model outputs. Improvement
on those fronts is needed to develop a more
reliable scientific basis for future adaptation
planning

KEY MESSAGES

The Koshi River basin has
experienced high warming
rates in recent decades, ranging
from 0.3˚C to 0.6˚C per decade.
Temperature extremes have
also increased. These trends are
projected to continue with further
amplification in magnitude.
Future projections also indicate an
increase in monsoon precipitation,
but with large variations between
studies.
These changes in temperature
and precipitation are likely to
have a multitude of impacts on
the physical environment and
human settlements in the basin.
Understanding the changes,
building resilience through
adaptation, and capitalizing on the
opportunities they provide should
be an integral part of Koshi River
basin management.
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2.3. Land use and land cover 		
change
Land degradation, sedimentation, and ecological
degradation tend to increase as a result of
inappropriate land use and land management
practices. Land use and land cover change is
considered a major source of environmental
problems in the KRB, contributing to land
degradation processes, including soil erosion,
landslides, and flooding. Understanding future
changes in different land cover types is an essential
input in river basin management. The steep
mountainous terrain, weak geological formations,
and extreme rainfall events cause these processes
primarily, and climate change is aggravating
them further. Improper land use and cultivation
practices, and the construction of development
infrastructure without integrating conservation
measures further adds to these problems.

2.3.1. Status and changing patterns of 		
land cover
Uniform and consistent land cover data and
analyses of LULC in river basins is essential
for understanding and grappling with the
environmental challenges they throw up (Koschke
et al. 2012). Uddin et al. (2016) produced land cover
statistics and a land cover map for the entire Koshi
basin for 1990 and 2010 (Table 2; Figure 6). The
study reported that grassland accounted for the

TABLE 2

largest area in both periods, followed by forest.
Whereas agricultural land has decreased in the
kharif season, the land area under rabi crops has
increased, with a slight overall increase in land
under agriculture. There has also been a slight
increase in the built-up area.
Another study (Xue et al. 2017) also reported
that grassland was the largest land cover type in
the KRB in 2010, covering an area of 13,943 km2
in the Chinese and Nepali part of the basin. A
major share of the grassland was found in the
trans-Himalaya and the middle mountain areas
in the Arun sub-basin. Its distribution is in the
ratio of 6.67:1 between the northern and southern
Himalayan slopes. Grassland is further divided into
forest grassland, shrubland grassland, and alpine
grassland.
The second-largest land cover type in the KRB is
forest, which covers an area of 11,441 km2. Forests
are mainly distributed on the southern slopes
of the Nepali Himalaya, which cover 97.66% of
the forested area. These are found distributed,
interspersed with cropland in the central valley
region and the southern plains of the basin.
Another kind of land cover, shrubland, is located in
the central basin, and covers only 3.88% of the area.
Shrublands are scattered in Nepal, mainly on both
sides of rivers in the mountains of northern Nepal,
while in the Chinese part, it is mainly found in the
valley region and in the Camphor, Rongxia, and
Chentang ditches (Xue et al. 2017).

LAND COVER IN THE KOSHI RIVER BASIN, 1990 AND 2010

Land cover

1990

2010

Area (km2)

%

Area (km2)

%

20,032

22.88

19,827

22.65

Shrubland

679

0.78

670

0.77

Grassland

23,463

26.80

23,486

26.83

Agricultural land (kharif)

17,927

20.48

15,691

17.92

Agricultural land (rabi)

11,708

13.37

14,715

16.81

Barren land

8,245

9.42

7,081

8.09

Built-up area

99

0.11

268

0.31

Water bodies

793

0.91

572

0.65

Snow/glaciers

4,595

5.25

5,235

5.98

Forest

Source: Uddin et al. (2016)
Note: The numbers in the table may differ from the values mentioned elsewhere in this chapter for the same land cover categories due to
variations in data, approach, and methods used between studies
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FIGURE 6

LAND COVER IN THE KOSHI BASIN IN 1990 (A) AND 2010 (B)

Source: Uddin et al. (2016)

Cropland, which covers an area of 8,146 km2 in the
KRB, is mostly distributed on the southern slopes
of the Himalaya and the middle valley of Nepal. It is
sparsely distributed on the northern slopes, mainly
in the valley region (Xue et al. 2017).
According to Xue et al. (2017), barren land is one of
the main land cover types in the KRB, with an area
of 10,422.73 km2. Of this, about 75.56% is distributed
on the northern slopes of the basin. It is also
distributed in the northern parts of the southern
slopes. Most of the barren land is distributed in
front of the Himalayan glaciers and as unused
land in harsh alpine environments on the Tibetan
Plateau.
Glaciers, an important component of land cover in
the KRB, are mainly distributed on the southern
slopes of the basin, covering an area of 3.058 km2.
The glacier area on the southern slopes is 1.41 times
larger than that on the northern slopes.
Paudel et al. (2016) reported an increase in the
area under cropland in the Nepali part of the KRB
between 1978 and 1992, and a decrease between
1992 and 2010. The increase was likely due to a rise
in population, along with other socioeconomic
factors. Cropland transition and abandonment was
likely due to several physical and socioeconomic
drivers of change. Outmigration is a key

socioeconomic driver due to which croplands are
abandoned in the Nepali part of the basin, which
may explain their subsequent decline.

2.3.2. Future scenarios of land cover
Future projections of land cover in the KRB
show a change, either an increase or a decrease.
The findings from Zhao et al. (2017) regarding
projected changes in different land cover types
for 2010‒2030 and 2010‒2050 are summarized in
Table 3. The study projected a reduction in the area
under cropland between 2030 and 2050 due to a
conversion to built-up area. Forest areas are likely
to be converted into cropland, hence accounting
for the decline by 2050. A significant decrease
in grassland in both time periods is projected,
most likely due to its conversion to shrubland. On
the other hand, the area under water bodies is
projected to increase in the future, and the area
under snow/glaciers area is projected to decrease
and will likely convert to barren areas.
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TABLE 3

PROJECTED CHANGES IN LAND COVER IN THE
KOSHI RIVER BASIN

Land cover
type

Change in area,
2010‒2030 (km2)

Change in area,
2010‒2050 (km2)

Cropland

414

193

Forest

‒916

‒1,810

Shrubland

985

1,930

Built-up area

455

913

Grassland

‒1,134

‒1,819

Barren land

‒0.17

‒76

Water bodies

351

827

Glacier/Snow

‒

‒15

Source: Zhao et al. (2017)

Knowledge gaps
•

Although land cover data for 1990, 2000, and
2010 provides the baseline information for river
basin management, in future, having annual
land use and land cover (LULC) maps would be
much more useful and productive

KEY MESSAGES

Land use and land cover change
is one of the critical drivers
increasing the environmental
stress in the Koshi basin.
Grasslands and forests, both major
land cover types, are projected to
decline significantly over the next
2‒3 decades.

20

THE KOSHI RIVER BASIN RESOURCE BOOK

2.4. Varied ecosystems and 			
ecosystem services
2.4.1. Present status of major ecosystems
The KRB is one of the world’s biodiversity hotspots,
with rich fauna and flora, as it lies at the junction of
the Indo-Malayan and Palearctic realms. The basin
is a part of one of the 34 global biodiversity hotspots
‒ the Himalayan Global Biodiversity Hotspot
(Mittermeier et al. 2004; Myers et al. 2000).
This basin supports several restricted and globally
threatened species, for example, Campbell’s
magnolia (Magnolia campbellii), the Asian water
buffalo (Bubalus bubalis), the red panda (Ailurus
fulgens), the snow leopard (Panthera uncia), Eurasian
High Montane biome species, Sino-Himalayan
Temperate Forest biome species, and SinoHimalayan Subtropical Forest biome species.
This basin also has varied ecosystems, including
glaciers, snow, rocks, wetlands, forests, rangelands,
floodplains, cultivated lands, etc. Forests comprise
the dominant ecosystem in this basin (Uddin et
al. 2016). Tropical deciduous forests, subtropical
broad-leaved forests, deciduous mixed riverine
forests, mountain subtropical evergreen broadleaved forests, mountain warm temperate mixed
forests, mountain cold temperate conifer forests,
subalpine conifer forests, subalpine frigid shrubs
and meadows, alpine frigid meadows, cushion
vegetation, alpine frigid moraine lichens, and
plateau frigid semi-arid steppes are the major forest
ecosystems that exist at different physiographic
and bioclimatic zones of the KRB (Bhuju et al. 2007;
Zhang et al. 2007).
Rangeland, which includes grasslands and
shrubland, is the largest ecosystem in the HKH
and is considered very important, especially for the
livelihoods of local communities living in the high
and dry landscapes. Rangeland is to be in found in
all three zones of the KRB. They covered an area of
24,156 km2 in the KRB in 2010, a large part of it in
the Tibetan Plateau (Uddin et al. 2016).
Wetlands include peatlands, marshes, wet
grasslands, streams, ponds, rivers, and lakes, all
of which are important resources in the KRB. They
provide habitats for many floral and faunal species,
including migratory birds, and provide key services
for people living both in upstream and downstream
areas of the basin, from flood control and water
recharge and purification to regional regulation
of the weather. Details regarding wetlands are
provided in sub-section 2.5.1.6.

2.4.2 Species diversity in the KRB
2.4.2.1. FLORISTIC DIVERSITY

Due to the wide variation in altitudinal gradients
and diverse climates, a wide variety of flowering
plants, trees, ferns, mosses, and lichens are found
in the basin. Though comprehensive information
about its floristic diversity is scarce, sectoral
studies have estimated that nearly 6,244 vascular
plant species are found in Chinese part of the KRB
(Deng and Zhang 2014) and approximately 4,000
species of angiosperms are to be found in the
Nepali part (Chaudhary and Sah 2016). Protected
areas located in the KRB host many floral species
of varied families and genera (Annexure 1). There
are 86 species of flowering plants in Nepal that
belong to 28 families and 45 genera, among which
Saxifragaceae is the largest endemic family and
Saxifraga the largest genus, with seven species
each (Chaudhary and Sah 2016). Similarly Banerjee
and Banerjee (1968) estimated 552 species with
16 varieties under 362 genera and 84 families
in northern Bihar. The leading families are
Leguminosae, with 61 species and four varieties.
Likewise, about 23 families, 42 genera, and 62
species of vegetation, including the genus Primula
tibetica, a flowering plant (Triglochin maritima),
curled pondweed (Potamogeton crispus), and floating
pondweed (Potamogeton natans), were estimated in
the Chinese part of the basin (Zhuoqin et al. 2016).
Among wetland plants, the Cyperaceae family is
the most abundant in the basin. Small areas of
subtropical, semi-evergreen broad-leaved forest,
dominated by ring-cupped oak (Cyclobalanopsis
glauca), are to be found only downstream of the
Pengqu River.

2.4.2.2. FAUNAL DIVERSITY

The basin is home to diverse fauna, such as
mammals, birds, fish, herpetofauna, and
arthropoda. Charismatic mammal species such
as the snow leopard (Panthera uncia), the red
panda (Ailurus fulgens), and the Himalayan tahr
(Hemitragus jemlahicus) are to be found in the high
mountains, the musk deer (Moschus moschiferus)
in the middle mountains, and the wild water
buffalo (Bubalus amee) and the Ganges river dolphin
(Platanista Gangetica) in the plains.
Nearly 270 wildlife species, including the rare
and endangered Indian wild ass (Equus hemionus
khur) and the snow leopard, are to be found in
the Tibetan Plateau (Zhaoli et al. 2005). Similarly,
about 71 species of birds, belonging to 12 classes,
25 families, and 50 genera, including the Class I
protected black-necked crane (Grus nigricollis),
and Class II protected birds – the western osprey
(Pandion haliaetus), hen harrier (Circus cyaneus),
the besra sparrowhawk (Accipiter virgatus), and
the Eurasian sparrowhawk (Accipiter nisus) – are
found around the Pengqu River (Zhuoqin et al.
2016). Diverse key faunal species of considerable
ecological significance inhabit protected areas
established at different altitudes in the basin
(Annexure 1).
The upper stretches of the Koshi River system,
such as Barun, Arun, Bhote Koshi, Indrawati, and
Sun Koshi, are rich in biodiversity and provide
habitats to many sensitive aquatic organisms (such
as Rithrogena sp. and Himalopsyche sp.), including
endemic and vulnerable species such as the
Himalayan relict dragonfly (Epiophlebia laidlawi)
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(Shah et al. 2012). A systematic study of the faunal
diversity in the KRB is however necessary.
2.4.2.3 AGRO-BIODIVERSITY

The KRB is rich in agro-biodiversity. The variations
in climate, topographic conditions, and the ethnic
diversity of the basin have favoured diverse
agricultural crops, wild crops, and animal species.
Many of them have ecological, economic, and
cultural significance for people living in the basin;
communities grow different crops and domesticate
livestock, both for domestic consumption and sale.
Major crops such as paddy, wheat, maize, oilseed,
pulses, and vegetables are grown on irrigated
and rain-fed land, especially in the lower parts
of the basin. Citrus fruits, apple, banana, and
mango are the major horticultural products
grown in different ecological zones of the basin.
The livestock raised are mainly cows, buffaloes,
goats, sheep, and poultry. Animal husbandry is the
primary livelihood occupation at higher elevations,
in which yaks and crossbreeds of yaks and cows
are raised (Chaudhary, Uprety, Joshi et al. 2015).
Livelihood occupations are discussed in more detail
in subsection 2.7.

2.4.3. Critical ecosystems and biodiversity
hotspots
2.4.3.1. PROTECTED AREAS

The basin contains important protected areas for
the conservation of a rich biodiversity and related
ecosystem services. These areas conserve many
critical ecosystems and threatened species of the
region. The protected area system of the basin
includes three national parks, one conservation
area, one wildlife reserve, one nature preserve, and
one dolphin sanctuary (Annexure 1) (Figure 7).
2.4.3.2. IMPORTANT PLANT AREAS

Important plant areas (IPAs) are sites that exhibit
exceptional botanical importance. They support
and conserve rare, threatened, and endemic plant
species, habitats, and vegetation that have high
botanical value (Anderson 2002). In the basin,
600‒700 species of medicinal plants are found
in the southern and south-eastern parts of the
Tibet Autonomous Region (TAR), China. Other
IPA complexes include (i) Lower Janakpur, with
4 IPA sites (in Sindhuli and Sarlahi districts), (ii)
Upper Janakpur, having 7 IPA sites (in Dolakha
and Ramechhap districts), (iii) Udayapur, with 3
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IPA sites (in Udayapur district), (iv) Upper Bagmati,
having 17 IPAs (in Sindhupalchok district), (v)
Lower Kanchenjunga complex, with 12 IPA sites
(in Terhathum and Panchthar districts), and (vi)
Upper Sagarmatha‒Kangchenjunga complex, with
36 IPA sites (in Solukhumbu, Sankhuwasabha, and
Taplejung districts) (Hamilton and Radford 2007).
2.4.3.3. IMPORTANT BIRD AREAS

Important bird areas (IBAs) are recognized as
critical bird habitats or sites for their migratory
stopovers, important for the conservation of birds
and their habitats. The basin has a number of IBAs
at different elevations and locations. In China,
some of the important IBAs include (i) Jiang Cun,
(ii) Zham, (iii) Rongxar, and (iv) Pum Qu (Birdlife
International 2009), located partially or completely
inside the Qomolangma National Nature Preserve.
The IBAs in Nepal include (i) Sagarmatha National
Park, (ii) Makalu Barun National Park, (iii)
Kangchenjunga Conservation Area, (iv) Tamar
Valley and Watershed, (v) Dharan Forest, and (vi)
Koshi Tappu Wildlife Reserve (Bhatta et al. 2016).
Among the four IBAs identified in Bihar, India,
the Vikramshila Gangetic Dolphin Sanctuary is
located in the KRB (Figure 7), where the critically
endangered oriental white-backed vulture (G.
bengalensis), the vulnerable greater spotted eagle
(Aquila clanga), lesser kestrel (Falco naumanni), and
the Indian skimmer (Rynchops albicollis) are found
(Rahmani et al. 2016).
2.4.3.4. WILDLIFE CORRIDORS AND CONNECTIVITY

Wildlife corridors connect two or more protected
areas within a country and/or across borders,
providing suitable habitats for plants and
animals to migrate. The Koshi extends from the
Tibetan Plateau in China to the Gangetic plains
in India, covering different landscapes in Nepal,
and providing a North‒South linkage. Various
tributaries of the Koshi, flowing from north to
south, and terrestrial segments act as valuable
corridors for aquatic species and other wildlife.
Similarly, the Qomolangma National Nature
Preserve in the Tibetan Plateau, the Sagarmatha
National Park, the Makalu Barun National Park,
and lower temperate and subtropical forests in
Nepal, and tropical forests in Nepal and India could
act as existing or potential transboundary wildlife
corridors by providing food and space to wildlife
species and the opportunity for gene exchanges
among the populations.

FIGURE 7

PROTECTED AREAS AND IMPORTANT BIRD AREAS OF THE BASIN

Source: Based on (Birdlife 2014;
UNEP-WCMC 2020)

2.4.4. Ecosystem services and their 		
valuation
The KRB provides various types of ecosystem
goods and services (Bhatta et al. 2015; Sharma
et al. 2015) These include provisioning services
such as food and water, supporting services such
as nutrient cycling and soil formation, regulating
services such as climate regulation and pollination,
and cultural services such as ecotourism and
recreational activities. People living in and around
this basin depend on different ecosystems, such as
forests, wetlands, grasslands, and croplands, for
their livelihoods. The basin provides food, fodder,
fuelwood, timber, and non-timber forest products
(NTFPs) for their household and commercial use.
Besides, as has been mentioned, protected areas
in the basin provide habitats and act as movement
corridors for many threatened and endangered
fauna and flora such as lauth salla (Himalayan yew)
and Picrorhiza kurroa (kutki). These protected areas
and wetlands in the basin, such as the Sagarmatha
National Park, Kanchenjunga Conservation

Area, and the Koshi Tappu Wildlife Reserve,
provide opportunities for outdoor recreation and
nature-based tourism. The Koshi Tappu Wildlife
Reserve alone provides ecosystem services worth
an estimated USD 16 million annually (Table 4)
(Sharma et al. 2015).

TABLE 4

ECONOMIC VALUATION OF ECOSYSTEM
SERVICES PROVIDED BY THE KOSHI TAPPU
WILDLIFE RESERVE

Ecosystem services

Total value
(million USD/year)

Provisioning services

13.67

Regulating services

1.15

Flood control/prevention

0.95

Carbon sequestration

0.19

Cultural services –ecotourism

1.2

Total

16.03

Source: Sharma et al. (2015)
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The total value of ecosystem services provided by
the KRB in 2010 was estimated at USD 8,955 million
annually. However, the value of the ecosystem
services provided by different types of land cover
has changed over the past few decades in the KRB,
as given in Table 5 (Zhao et al. 2017).

TABLE 5

KEY MESSAGES

Millions of people depend on the
diverse ecosystems in the KRB
for their livelihoods. It provides
ecosystem services worth an
estimated USD 8,955 million
annually.
The basin contains many
important protected areas,
important plant areas, and
important bird areas, which
provide habitats for varied flora
and fauna, including many gravely
threatened species.
Furthermore, the various
tributaries of the Koshi flow from
north to south, adjoining lands
and providing valuable wildlife
corridors for aquatic and other
species as well as supporting the
livelihoods of local communities.
However, a combination of
anthropogenic and natural factors
are causing ecosystem services to
gradually decrease over the years.

CHANGES IN THE VALUE OF ECOSYSTEM
SERVICES OF DIFFERENT LAND COVER TYPES IN
THE KRB, 1990‒2010

1990

2010

Change
in value
(million
USD/year)

4,481

3,686

‒795

Water bodies

539

451

‒88

Barren areas

72

46

‒26

Snow/glaciers

24

19

‒5

Shrubland

216

240

24

Swamps

803

956

153

Grassland

995

1,233

238

Cropland

2,031

2,322

291

Total

9,160

8,955

‒205

Land cover
Forests

Value (million
USD/year)

Source: Zhao et al. (2017)

2.4.5. Changing patterns in ecosystems 		
and ecosystem services
Varied direct and indirect factors have severe
impacts on ecosystems and flows in ecosystem
services. In the KRB, habitat degradation
(Chaudhary, Uprety, Rimal et al. 2015), climate
change (Gao et al. 2018), and urbanization and land
use change (Uddin et al. 2015) have contributed
to the degradation of ecosystems and loss in
ecosystem services. A decline in forest cover,
its degradation, and fragmentation have been
quite extensive, adversely affecting desired
environmental flows and ecosystem services.
Uddin et al. (2015) reported a decrease in the
primary habitat areas of fish and birds. Their
habitat area in 1990 was 2%; this reduced to 1.5%
in 2010, which gravely affects them. This is a
consequence of a decline in wetland habitats and an
increase in unsuitable areas. Similarly, in the TAR,
China, types of vegetation such as mixed forests,
needle-leaved forests, and shrubs are degrading
acutely near areas of human settlement due to the
over-exploitation and overutilization of resources
(Zhang et al. 2018). Habitat destruction, due to
increasing human pressure on the environment,
has threatened the survival of many aquatic
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CHATARA STATION, NEPAL, 1985‒2006;
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FIGURE 8

3907

The long-term monitoring of climate change
and its impacts on biodiversity is a major data
gap. It is needed for decision makers to develop
science-based policy and take appropriate
adaptation actions

1901

•

765

An IES mechanism should be institutionalized
at the local and national levels to protect and
deliver adequate ecosystem services through
the better management of ecosystems, and to
strengthen upstream‒downstream linkages

424

•

353

A comprehensive survey of the status of flora
and fauna in the KRB and an assessment of the
richness and diversity of species in different
habitats is lacking

It is important to understand the dominant
hydrological processes and characteristics
whereby precipitation is converted to streamflows.
This process is heavily affected by a basin’s
characteristics such as topography, LULC, water
infrastructure, and how its water is used. These
include its snow and glacier distribution, geology,
and water storage infrastructure. In the context
of climate change and other processes with
environmental impacts such as urbanization, a
basin’s hydrological regime can be affected both
qualitatively and quantitatively.

352

•

Water in the KRB is widely used for irrigation,
hydropower generation, by industries, and for
domestic uses. Large areas of agricultural land,
nearly 1 million hectares (ha) in India and about
100,000 ha in Nepal, are irrigated each year,
which drives the basin’s economy (Dhungel 2009).
However, with a strong seasonality in precipitation
and streamflows, the basin faces the challenge
of too much and too little water within the same
year. During the monsoon, the basin’s residents
have to cope with severe flooding, flash floods, and
landslides; while in the dry season, the river flows
are at their lowest and it becomes a challenge to
fulfil the demand for irrigation, domestic use, and
energy production.

405

Knowledge gaps and recommendations

2.5.1. Water resources

Discharge (m3/sec)

Taken together, the value of ecosystem services
in the KRB has decreased by USD 205 million/
year between 1990 and 2010. This reduction has
largely occurred in the forest ecosystems of Nepal
(Zhao et al. 2017). Therefore, to maintain the flows
of ecosystem services, strengthen upstream‒
downstream linkages, and support biodiversity and
habitat conservation and restoration, incentives for
ecosystem services (IES) need to be implemented.

2.5. Status of water resource 		
systems

Discharge (m3/sec)

animals, including the crocodile (Whitaker and
Danile 1978). In the Koshi Tappu Wildlife Reserve,
encroachment by invasive species, overgrazing
by domestic animals, hunting, and the excessive
exploitation of forest products have decreased the
flows in ecosystem services to human beings, and
contributed to a loss in wildlife habitats (Sah 1997).
Due to human activity, the value of ecosystem
services from forests, snow and glaciers, and
barren areas decreased while that from cropland
increased between 1990 and 2010 (Zhao et al. 2017)
(Table 5).
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The KRB system is mainly rain-fed, complemented
by snow and glacier melt during the monsoon, and
fed by snow and glacier melt during the summer
(pre-monsoon). Due to the intense precipitation
during the monsoon season, flooding is
commonplace, and causes widespread destruction,
mainly in the lowland areas of Nepal and India.
Generally, the volume of discharge in the river
starts increasing during June and reaches its peak
flow in August. The average monthly discharge of
the Koshi (up to Chatara) during 1985‒2006 was
352 cubic metres per second (m3/sec) in February
and a maximum of 4,488 m3/sec in August, with
an annual average of 1,562 m3/sec over that period
(Figure 8). A maximum discharge of 9,610 m3/sec
was recorded on 11 August 1987, which is more than
double the long-term average for that month. The
maximum peak flow to date, of about 25,878 m3/sec,
was recorded in August 1968 (Nepal 2012).

2.5.2. The cryosphere
Glaciers serve as solid reservoirs of freshwater
in the high mountains of the HKH. Despite their

FIGURE 9

low average contribution to overall flows (Lutz et
al. 2014), glaciers are the main sources of water
during the pre-monsoon season, when the seasonal
snow cover has largely melted, and monsoon
precipitation has yet to occur (Nepal et al. 2014). The
study of glacier dynamics is key to understanding
future local and regional water availability and
management (Nagai et al. 2013; Xiang et al. 2018).
Knowledge about the status of, and trends in
changes in glaciers helps to understand not just
water availability from glacier melt, but also
glacial hazards and climate change impacts on the
cryosphere (Lutz et al. 2016).
2.5.2.1. STATUS OF GLACIERS IN THE BASIN

The KRB comprises 2,073 glaciers, covering an
area of 2,984 square kilometres (km2), and with
estimated ice reserves of 295 cubic kilometres
(km3). About 3.4% of the basin’s area is glaciated,
and the basin has about 5% of the total glacier area
in the HKH. The altitudinal distribution of the
glaciers is 3,719‒8,806 masl. Their size varies a lot:
about 64% of the glaciers are smaller than 0.5 km2
and cover only 8% of the basin’s glacier area; on the

DISTRIBUTION OF GLACIERS IN THE KOSHI BASIN

Source: Based on Bajracharya et al. 2014
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other hand, 49 glaciers are larger than 10 km2 and
extend over 47% of its glaciated area.

2.5.2.2. CHANGES IN GLACIERS

There has been a decrease in glacier area in the
basin by 26% (396 km2) between 1980 and 2010,
whereas their number increased by 15%. The
change in glacier number (+10%) and area (‒14%)
were most prominent between 1980 and 1990
(Figure 10) (Bajracharya et al. 2014). The greatest
loss has occurred at elevations of 5,000‒5,500
masl. Apron-type glaciers and glaciers smaller
than 0.5 km2 have grown in number, which can be
attributed to the fragmentation of glaciers.

Almost 60% of the basin’s glaciers are located in
China, in the Sun Koshi, Tama Koshi, and Arun subbasins (Figure 9). The average size of the glaciers
in its sub-basins ranges from 0.48 km2 to 1.56 km2.
The Arun sub-basin has the largest number of
glaciers (46%) over the largest area (48%). It also
has glaciers at the highest and lowest elevations.
The Ngojuombpa glacier, in the Dudh Koshi, is the
largest glacier, with an area of 81 km2. The average
size of glaciers is high in the Tamor sub-basin and
quite low in the Indrawati.
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FIGURE 10

Percentage change

Only 843 glaciers have been identified in the
Nepali part of the basin. Debris-covered glaciers
occupied 220 km2 (19% of the total glacier area),
110 km2 of which lies in the Dudh Koshi sub-basin
(Bajracharya et al. 2014). Overall, debris-covered
glaciers are spread over around 58% of the total
glacier area in the basin (Xiang et al. 2018).

Similarly, Shangguan et al. (2014) reported a 0.59%
± 0.17%/year loss of glacier area from 1976 to 2009
in the basin. The loss was higher in the south (in
Nepal) than the north (China). The rate of retreat
by debris-free glaciers from 1975 to 2010 is higher
(0.45%/year) than by debris-covered glaciers (0.18%/
year) and has accelerated in recent decades (Xiang
et al. 2018).

(A) PERCENTAGE CHANGES IN GLACIER NUMBER AND AREA BY DECADE IN THE KOSHI RIVER BASIN, 1980‒2010 (B) CHANGE
IN GLACIER NUMBER AND AREA BY SIZE, 1980–2010
(B)
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Source: Based on Bajracharya et al. 2014
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2.5.2.4. STATUS OF GLACIAL LAKES

Glacial lakes are formed due to the damming of
glacier meltwater. The rapid melting and shrinking
of glaciers have led to the formation of many glacial
lakes in the Himalaya (Bajracharya et al. 2014).
There are numerous and large lakes in the central
classgrowing (Bajracharya
Himalaya, most of whichSizeare
et al. 2020; Gardelle et al. 2011). As these glacial
lakes are a source of water and also associated with
water-related hazards, mapping and monitoring
them on a regular basis is essential to assess both
their potential hazards and resource value.

As many as 2,087 glacial lakes are located in the
Chinese and Nepali parts of the basin ‒ none in the
Indian part ‒ covering an area of 123.11 km2. Of
these, 779 glacial lakes are in China and 1,308 in
Nepal (Maharjan et al. 2018). Most of them are small
(≤ 0.1 km2), and these may expand or disappear
over time. Lakes larger than 0.1 km2 are considered
perpetual and may enlarge further with glacier
retreat. A recent study has reported 2,064 glacial
lakes in the KRB, with an area of 132 km2. The Arun
sub-basin has the highest number of glacial lakes

-240.0879965

2.5.2.3. GLACIAL LAKES
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(909), and total area (68.58 km2) covered by them
among the sub-basins (Bajracharya et al. 2020).
Glacial lakes increased in number from 1,160 to
2,168, and in area from 94.44 km2 to 127.61 km2 over
1977‒2010; the latter grew by 35.1% over this period.
Of these, 47% are moraine-dammed lakes, 34.8%
bedrock-dammed lakes, and 17.7% ice-dammed
lakes (Shrestha et al. 2017). Bajracharya et al. (2020)
have reported a decrease in the number of glacial
lakes, from 2,119 in 2000 to 2,064 in 2015 due to the
merging of two neighbouring lakes but an increase
in area, by 12%. Decadal changes in glacial lakes in
the KRB are shown in Figure 11.
A majority of the glacial lakes in the KRB have
expanded, and only a few have shrunk, because
of the increased melting rate induced by rising
temperatures. Forty-two glacial lakes larger than
0.2 km2 have expanded in the basin between
1977 and 2010 (Shrestha et al. 2017). Likewise,
Bajracharya et al. (2020) have identified forty-two
potentially dangerous glacial lakes (PDGLs) in the
KRB. They need to be paid more attention to preempt hazardous events such as GLOFs.
DECADAL CHANGES IN THE NUMBER AND AREA OF
GLACIAL LAKES IN THE KOSHI BASIN, 1977‒2010

Area (km2)

Number of glacial lakes

FIGURE 11

Number of glaciers

Area (km2)

Source: Shrestha et al. (2017)

Studies have reported a wide range in the growth
rates of glacial lakes, depending on the sub-basin,
region, and period covered. For instance, the
number of glacial lakes larger than 0.02 km2 in the
Poiqu sub-basin increased by 11% between 1986
and 2001, and in area by 47% (Chen et al. 2007).
Likewise, in the Pumqu sub-basin, the increase
was 26.6% and 26.76% between 1970 and 2013
respectively (Che et al. 2014). In the Rongxer basin,
between 1975 and 2005, their number increased by
86.7% and area by 121.7% (Wu et al. 2012). A study
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conducted in the Mount Qomolangma region in
Nepal for the periods 1990‒2000 and 2000‒2009
showed an increase in the glacial lake area by 13%
and 20% respectively (Gardelle et al. 2011).

2.5.3. Wetlands
The KRB has various types of wetlands
(Figure 12). They constitute a crucial resource and
provide important ecosystem services. Wetlands
provide habitat and food for a wide range of floral
and faunal species, especially fish and migratory
birds, and key services for people living both
upstream and downstream. They improve water
quality by trapping sediments, absorbing nutrients,
and filtering out pollutants. They recharge
groundwater, prevent erosion, provide habitat for
varied wildlife, and provide important recreational
and cultural functions (Heathwaite et al. 2005;
Yadav 2002). Being an integral part of river basins,
wetlands can also influence the climate, as they
tend to impact hydrological cycles at both global
and regional scales (Mander and Mitsch 2009).
Many traditional and tribal communities in the
KRB depend on its wetlands for their livelihoods
(IUCN 2004). Two of its wetlands, Koshi Tappu and
Gokoyo lakes, are designated Ramsar sites.
Wetlands covered 5,391 km2 (6.16% of the basin’s
total area) in 1990 and 5,818 km2 (6.65%) in 2010.
Snow and glaciers, which comprise one of the most
important sources of water in the basin, occupied
an area of 4,604 km2 (85.4% of wetland area) in
1990 and 5,243 km2 (90.4% of wetland area) in 2010.
Rivers occupied 417 km2 in 1990 and declined to 284
km2 by 2010. Similarly, the area under lakes and
ponds are also decreasing (Uddin et al. 2015).
Wetland complexes at lower elevations are the least
protected, in the poorest ecological condition, and
the most vulnerable to future land use changes.
Irrigation has affected the hydrology of many
wetlands in the basin. Primary habitats covered 2%
of the basin’s area in 1990; by 2010, this had reduced
to 1.5%.

FIGURE 12

VARIOUS WETLANDS TYPICAL OF MIDSTREAM AND DOWNSTREAM PARTS OF THE KOSHI BASIN

Source: Kabir Uddin, ICIMOD

2.5.4. Future water availability
Bharati et al. (2016) suggest that precipitation
and net water yields are the lowest in the transHimalayan zone and the highest in the mountains,
followed by the hills in Nepal. In most of the
sub-basins at higher elevations, water yields
were greater than evapotranspiration (ET). The
maximum ET occurred in the Indo-Gangetic Plain
and the least in the trans-Himalayan region of
China.

Studies examining water availability in the
basin under two climate change scenarios ‒
representative concentration pathway (RCP)4.5
(moderate scenario) and RCP8.5 (extreme scenario)
‒ suggest that the KRB will be wetter and hotter
towards the end of the century (Bharati et al. 2019).
Water yields are likely to increase in most parts,
except in the TAR. Actual ET is found to increase in
the whole basin in general due to future warming
trends. Average seasonal discharge under RCP4.5
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increases in all seasons (barring possibly a small
decline in the monsoon) ‒ in the range of 5% to 12%
in winter, 5% to 13% in the pre-monsoon, ‒2% to
11% in the monsoon, and 5% to 16% in the postmonsoon seasons. Average seasonal discharge
under RCP8.5 shows increases as well, 8% to 14%
in winter, ‒8% to 25% in the pre-monsoon season,
9% to 18% in the monsoon, and 3% to 20% in the
post-monsoon season. Peak flows might increase in
the future, which would increase the risk of floods
in downstream areas. Future changes during the
dry season (November‒May) are within the range
earlier; however, future flows in the monsoon will
be higher than the reference period.
It must be pointed out that the lack of a sufficient
number of hydrometeorological stations and data,
both as inputs into models and to validate model
results, pose challenges to hydrological modelling
for the basin.

2.5.5. Water quality and health of the 		
Koshi River system
The headwaters of the Koshi River system have
good water quality due to minimal anthropogenic
stressors and huge water flows (Shah 2010; Shah
et al. 2015; Sharma 1999). However, a study
conducted in the Indrawati River basin shows that
its tributaries, such as the Handi stream, Lapse
River, Mahadev River, Jhyari River, and Cha stream
have been intensively modified to irrigate crops.
The water in these streams and rivers are thus
moderately polluted. The middle stretches of the
Indrawati River, near Bahune village, have also
been affected by sand and gravel mining (Shah
2010).
Of the water samples taken from 17 sites at
elevations above 2,500 masl here, all except three
were classified as having Class I water quality,
indicating their pristine condition (Sharma 1996,
1999). The three sites ‒ in Lukla, Thaog, and Surke
‒ are well-known tourist areas and were classified
as having Class II water quality, indicative of
moderate pollution. Other, smaller tributaries with
large human influences ‒ such as Jhikhu Khola at
Panchkhal and Cha Khola at Dolalghat ‒ had water
of poorer quality, whereas the larger rivers such as
Bhote Koshi, Sun Koshi, and Indrawati, with larger
volumes of water, displayed better water quality at
higher elevations.
Common factors that affect river water quality in
countries of the HKH are rapid and haphazard
urbanization, and the dumping of pollutants ‒
hazardous wastes, domestic waste, industrial
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pollutants, and effluents from agriculture (Shrestha
et al. 2008a). The discharge of waste increases
the quantum of various chemicals in river water,
which alters its physico-chemical characteristics
considerably. Cremations on the banks of the
Koshi and its tributaries in both Nepal and India
contribute to river water pollution as well (Mishra
and Hasan 2013; Shrestha et al. 2008b).
The tributaries of the Koshi – Punyamata Khola,
Roshi Khola, Kamala, and the Sardu – that flow
across urban settlements such as Panauti, Banepa,
Sindhuli, and Dharan were moderately-toextremely polluted due to the direct discharge of
sewage, industrial effluents, agricultural run-off,
and waste disposal along their river banks (Sah
2002; Sharma 1996; Tachamo 2007). For instance,
faecal coliform levels of the Punyamata Khola and
Roshi Khola were recorded as 20,000 and 51,200
colony-forming units (cfu)/100 ml, respectively, and
conductivity ranged from 151‒311 microseconds
(µS)/cm. The dissolved oxygen (DO) level was less
than 4 milligrammes/litre (mg/l) in the Rudramati
River near Banepa (Shah and Shah 2012; Tachamo
2007). The total coliform count in a stretch of
the Sardu River was 1,100 MPN (most probable
number)/100 ml (Sah 2002), much higher than
World Health Organization (WHO) standards.
Some lower stretches of the Koshi, especially in
the Koshi Tappu Wildlife Reserve, are in good
ecological condition, with high DO levels, but
poor in benthic macroinvertebrate diversity, as
the stretch is highly influenced by continuous
riverbed sedimentation. The physico-chemical
properties of the Koshi vary with the seasons
(Chhetry and Pal 2011; Mishra and Hasan 2013). In
Kushaha, the water temperature was the highest
in summer while its transparency, pH level, DO,
total alkalinity, and total hardness were at their
highest in winter. In Purnia, Bihar, the values of DO
in the Libri River were found to be the lowest in the
monsoon and highest in winter, ranging from 4.8 to
8.1 mg/l.
2.5.5.1. HIGH-ALTITUDE LAKES AND PONDS

The Panch Pokhari group of five lakes feeds the
Indrawati River system. Its overall water quality
is good, but changes with the seasons, and dips in
particular during the pre-monsoon season (Shah
et al. 2015), when water levels are lower than in
other seasons. The presence of Rhithrogena sp.,
Indonemora sp., Glossosomatidae, Rhyacophila sp.,
and Himalopsyche sp., found in the inlets and outlets
of the Panch Pokhari lakes, reflects the pristine
quality of mountain streams with limited or no

anthropogenic impacts. The lakes have a low
concentration of nutrients (total phosphorus ranged
from 0.18–0.31 mg/L and 0.07–0.18 mg/L and total
nitrogen from 9.03–16.55mg/L and 1.78–2.53mg/L
in the pre-monsoon and post-monsoon periods,
respectively), indicative of their oligotrophic state
(Raut et al. 2015).

•

There is inadequate monitoring of water quality
in the basin

2.5.5.2. LOW-ALTITUDE LAKES AND PONDS

In the Koshi Tappu wetlands, the water quality
is still good within the protected section of the
Koshi Tappu Wildlife Reserve. Khatri et al.
(2010) categorized ten wetlands here as being in
‘fair’ ecological condition. The study recorded
42 taxa belonging to 10 orders of benthic
macroinvertebrates and documented the highest
family of flies (Diptera) followed by water bugs
(Heteroptera), and Mollusca (Gastropoda). However,
the water quality has deteriorated in the reserve’s
buffer zone due to high nutrient concentrations
from agricultural run-off.
In addition, the presence of invasive species in
aquatic and terrestrial ecosystems is a serious
problem (Savillo 2009). In aquatic ecosystems,
macrophytes influence nutrient dynamics, water
quality, and eventually contribute to primary
productivity, which has a bearing on fish and
macroinvertebrate communities (Kovalenko et
al. 2010; Petr 2000). The composition of benthic
macroinvertebrates of two ponds in Mahottari
district were recorded, with 31 taxa; these ponds
were classified as eutrophic (Mahato and Yadav
1984). Likewise, many of the lakes located in the
Himalayan foothills are reported to be eutrophic.
To improve the environmental health of such lakes,
it has been suggested that their nutrient intake be
reduced by developing a buffer zone around them
and banning all major anthropogenic activities in
these zones (Kumar et al. 2009).

Knowledge gaps
•

The lack of a sufficient number of
hydrometeorological stations and data, both
as inputs into models and to validate model
results, pose challenges in estimating water
availability for the basin

•

There is high uncertainty in the understanding
of future changes in climate extremes

•

There is lack of quantitative information
and understanding regarding the role of
wetlands in modulating hydrological regimes,
controlling floods quality, and providing other
ecosystem services

KEY MESSAGES

The Koshi River basin is mainly
rain-fed during the monsoon and
fed by snowmelt and glacier melt
during the spring and summer
seasons.
The basin’s glaciated area declined
by 26% (396 km2) during 1980–
2010, while the number of glaciers
increased by 15%.
Future climate change scenarios,
both moderate (RCP4.5) and
extreme (RCP8.5), suggest that the
basin will be wetter and hotter
towards the end of the century.
Precipitation and water yields are
likely to increase in most areas,
except in Tibet.
Depending on the location, the
quality of water in its waterbodies
can range from pristine to highly
polluted.
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2.6. Natural hazards
2.6.1. A multi-hazard environment
The KRB is prone to a multitude of natural hazards
such as GLOFs and LLOFs in its alpine and subalpine regions; flash floods, landslides, erosion, and
debris flows in the mid-hills; and riverine floods,
riverbank erosion, droughts, and sedimentation in
the plains of Nepal and India. GLOFs originating
at higher altitudes in Nepal and China can also
trigger debris flows and landslides downstream,
hence impacting much larger areas. The KRB has
experienced several GLOF events (see Annexure 2),
some of them with transboundary impacts (Khanal
et al. 2015; Mool et al. 2001). It is also known for
floods with extremely high sediment loads
(Dixit et al. 2009).

2.6.2. Typology of hazards
The wide range of hazards in the transboundary
Koshi River basin are briefly summarized below.
2.6.2.1. GLACIAL LAKE OUTBURST FLOODS

GLOFs frequently occur in high-altitude areas
(Chen et al. 2013), and their likelihood and
frequency are increasing due to global warming
(Richardson and Reynolds 2000). There are
numerous and large glacial lakes in the central
Himalaya, most of which are growing (Bajracharya
and Mool. 2005; Gardelle et al. 2011). Morainedammed and ice-dammed lakes tend to be unstable
and can have a high probability of breaching their
moraines with sudden and unexpected intense
floods, or GLOFs. GLOFs are generally associated
with high loss of life; mountain settlements are
therefore at greater risk with the recent increases in
glacier melt (Confalonieri et al. 2007).
The KRB is a GLOF-prone transboundary basin
(Chen et al. 2013; Khanal et al. 2015; Shrestha, Xiao
et al. 2017). Forty PDGLs were mapped in the Koshi
basin – 17 in Nepal and 23 in China (Shijin and Tao
2014). A more recent study, Bajracharya et al. (2020),
reported 42 PDGLs in the KRB. There are none in
the Indian part of the basin.
Most of the reported GLOFs in Nepal have
originated in the Koshi basin. Twenty-six GLOF
events have been reported in the basin from 1935
to 2017; 12 were recorded in Nepal and 14 in China
(Annexure 2). Ten GLOFs have been reported from
the Pumqu/Arun sub-basin, seven from the Poiqu/
Sun Koshi sub-basin, seven from the Dudh Koshi
sub-basin, and one each in Tamor and Tama Koshi.
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The Zhangzangbo GLOF in 1981 in China resulted
in 200 deaths, destroyed a bridge, a highway, and
the Sun Koshi hydropower station in Nepal, with
direct economic losses of USD 156 million (Chen
et al. 2013). Likewise, the GLOF event in Dig Tsho
glacial lake in eastern Nepal in 1985 destroyed
bridges, homes, agricultural lands, and the Namche
hydropower plant, resulting in an estimated
economic loss of USD 1.5 million, but with few
human casualties (Horstmann 2004). The initial
water discharge during this GLOF event was 2,000
m3/s (Yamada and Sharma 1993).
2.6.2.2. RIVERINE AND FLASH FLOODS

Floods are typically categorized as either flash
floods or riverine floods. Flash floods are largely
triggered by excessive rainfall over a short period
of time, whereas riverine floods occur when rivers
overflow due to continuous rainfall over many
days. The lower zones of the basin experience
floods regularly, in which the Koshi overflows
onto adjacent agricultural land and other areas on
both its banks. The river also has a long history
of shifting direction and creating havoc in the
southern part of the basin. Thousands of families
in Nepal and millions in India live in a state of
constant fear of the river bursting its banks, and
causing devastation, huge loss of lives, of property,
and damaging agricultural land. The frequent
change in its path further complicates addressing
the risks of flooding.
Over the last 60 years, there have been ten major
flooding events in the Koshi that have affected
people in Nepal, the most recent being the Bhote
Koshi floods of 2014, which caused massive death
and destruction (Shrestha and Nepal 2018). A
similar number of large floods have occurred in
Bihar (Chen et al. 2013), with the most severe being
in August 2008, described below. In the second half
of the 20th century, major floods have occurred in
1954, 1962, 1969, 1988, and 1996, one extreme flood
event occurring every 7‒10 years (UNESCO 2009).
The Koshi has a history of breaching its banks;
this has occurred in 1963, 1968, 1971, 1980, 1987,
1991, and the major one in 2008 (Mishra 2008). The
damage caused by the frequent flooding and shifts
in its channels has bestowed on the Koshi River
the unfortunately appellation ‘the sorrow of Bihar’
(Bhatt et al. 2010).
The gravity of the floods of August 2008 merits
describing it in some detail. There was a breach in
its embankment upstream of a barrage in Kusaha
village, Nepal, which had been built in 1959 by
India under the Koshi Agreement of April 1954. The

flooding that ensued affected almost 4.8 million
people, destroyed 322,169 houses, damaged 0.34
million ha of agricultural land, and killed 235
people and 787 livestock (Mishra 2008), displacing
approximately 45,000 people in Nepal and 3 million
in Bihar (Iyer 2008; Shrestha et al. 2010). This flood
was the most severe in five decades in Bihar and the
worst in Nepal’s history (Shrestha et al. 2010). The
volume of water was less than the designed capacity
of the embankment, hence one can infer that the
heavy deposition of silt over the years could be the
reason for the breach. Accumulated silt elevates the
riverbed and consequently reduces the capacity of
the embankment (Iyer 2008). The extreme flooding
event of 2008 also reflects the structural failures
and institutional dysfunctionality with respect to

FIGURE 13

transboundary flood management (Shrestha et al.
2010).
2.6.2.3. FUTURE HYDROLOGICAL EXTREMES UNDER 		
CLIMATE CHANGE SCENARIOS

The threat of floods discussed above has been
further exacerbated by climate change. Wijngaard
et al. (2017) reported a sharp increase in the annual
maximum discharge under the scenarios RCP4.5
and RCP8.5 through the century, compared to the
reference period 1981‒2010 (Figure 13). Expectedly,
a higher increase in extreme discharge is projected
under RCP8.5. However, the standard deviation is
higher for RCP4.5, indicative of the uncertainties
associated with certain modelled predictions.

PROJECTED MEAN ANNUAL MAXIMUM DISCHARGE FOR THE KOSHI BASIN AT CHATARA, 1981‒2100

Source: Wijngaard et al. (2017)
Notes: The reference period (1981‒2010) is in black, the period 2011‒2100 under RCP4.5 is in red, and for RCP8.5 in blue. SD refers to the
standard deviation.

The mean discharge (Q) in the basin is projected to
increase by up to 11% by mid-century (2036‒2065)
under RCP4.5 and by 20% under RCP8.5. However,
the extreme discharge is projected to increase
at a higher rate; for instance, the 99th percentile
discharge (Q99) is projected to increase by up to

60%. A-once-in-50-year flood discharge (50-yr Q) is
projected to increase by about 50% in magnitude by
mid-century and by about 80% after 2071. Similarly,
flood discharge with a return period of a century is
projected to increase by about 60% by mid-century
and almost double by the end of this century
(Table 6).
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TABLE 6

Period

CHANGES IN FLOODING CHARACTERISTICS BY MID-CENTURY AND END-CENTURY IN THE KOSHI BASIN
UNDER RCP4.5 AND RCP8.5

Reference
period

RCP4.5

RCP8.5

1981–2010

2036‒2065

2071‒2100

2036‒2065

2071‒2100

Units

m3s-1

%

%

%

%

Q

2,936

7 (6)

12 (8)

11 (6)

20 (13)

Q99

11,285

25 (13)

35 (16)

34 (12)

60 (33)

5-yr Q

12,289

26 (12)

37 (17)

33 (9)

52 (25)

10-yr Q

13,278

33 (16)

46 (22)

40 (11)

63 (31)

20-yr Q

14,228

38 (19)

53 (26)

46 (12)

72 (35)

50-yr Q

15,456

45 (22)

62 (31)

53 (14)

83 (40)

100-yr Q

16,377

49 (24)

67 (35)

58 (15)

89 (44)

Source: Analysis based on Wijngaard et al. (2017)
Notes: The values in parentheses represent the standard deviation; ‘Q’ refers to mean discharge

In the Bhote Koshi River, the discharge following
floods of a once-in-a-50-year return period is
projected to more than double (110% increase) in
about thirty years, by the 2050s, under RCP4.5. A
rise of about 80% in the discharge of floods with
a 50-year return period is projected for the Tama

FIGURE 14

RELATIVE CHANGE IN DISCHARGE DURING FLOODS WITH A 50-YEAR RETURN PERIOD UPSTREAM OF CHATARA FOR
RCP4.5 (LEFT) AND RCP8.5 (RIGHT) IN THE 2050s

Source: Analysis based on Wijngaard et al. (2017)
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Koshi and Tamor rivers. And whereas the smallest
increase (just 20%) in flood discharge with a 50year return period is projected for the Arun River,
it should be noted that the magnitude of floods is
higher in the Arun than other tributaries of the
Koshi.
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The discharge during floods with a 50-year return
period is projected to increase more for RCP8.5
than RCP4.5 in the 2050s in all tributaries in the
KRB upstream of Chatara (Figure 14). For RCP 8.5,
the projected change in flood discharge with a
50-year return period is about 130% in the Bhote
Koshi River, and almost double in the Tama Koshi
River. The Arun shows the least increase, about
40%, under RCP8.5. These increases in future
flood discharges can be attributed to increases in
precipitation extremes. The occurrence of greater
temperature extremes and their impact may also be
a factor.
2.6.2.4 LANDSLIDES

Landslides are widely distributed in the
mountainous regions of the Koshi basin, in the
Lesser Himalaya (mainly small and mediumsized landslides in the East‒West direction) and
the Transition Belt (mainly medium and large
landslides in the North‒South direction). Slope
movement due to unstable soils triggered by
heavy rainfall is common in the basin. Strong
precipitation, combined with weak geological
formations, results in regular landslides in the
region. Small landslides tend to occur at lower
elevations in the region, while medium and larger
landslides are frequent at higher elevations. Both
rainfall- and earthquake-induced landslides are
prevalent in the basin. The former is common
at elevations lower than 1,000 masl and on the
southern and south-eastern slopes, while the
latter are common on steep slopes and at higher
elevations. Zhang, Liu et al. (2016) identified 6,872
landslides during 1992‒2015, of which about 97%
were in Nepal and the rest in the Chinese part of the
basin. A more recent study mapped 5,904 landslides
in China and Nepal since 1992 (Zhang et al. 2017).
In 2014, a severe landslide occurred at Jure in
Sindhupalchok district, Nepal. About 156 people
died, 436 people were displaced, and 165 houses
damaged completely, with an estimated economic
loss of NPR 130.4 million (DPNet 2014). Indirect
losses occurred due to the Arniko highway getting
damaged, a major trading link between China
and Nepal. It transports goods worth nearly
NPR 38 million/day so the losses must have been
substantial.
2.6.2.5 LANDSLIDE LAKE OUTBURST FLOODS

Landslide lake outburst floods (LLOFs) have had
grave consequences in Nepal. An LLOF of 22 July
1996 wiped out the entire village of Larcha and
killed 54 people (Shrestha and Bajracharya 2013). In

2014, the debris from the Jure landslide mentioned
just above created a natural dam across the Sun
Koshi River, blocking it and creating an artificial
lake that was 2.5 km across and 3 km in length.
The volume of impounded water was estimated at
8 million m3 by the Department of Water Induced
Disaster Prevention (DWIDP). It created havoc in
both upstream and downstream areas with the
potential of a lake outburst looming large. The lake
submerged 26 houses and a hydropower plant.
The build-up to the landslide was long. The area
had been identified as part of a high-hazard zone
during a study on the Arniko highway conducted
in 1987. Despite the visibility of the landslide on
Google Earth, anticipating such a gigantic event
was difficult (MoI 2014).
2.6.2.6 DEBRIS FLOWS

Debris flows in the KRB can be classified into four
types: (i)Torrential debris flows; (ii) Glacial lake
outburst floods; (iii) Rainstorm debris flows; and
(iv) River water debris flows.
Debris flows triggered by small-scale rainfall
events are common in the Tibetan Himalaya, as
the region is extremely dry and characterized
by intense physical weathering. They tend to be
concentrated along the China‒Nepal highway.
Debris flows triggered by GLOFs and LLOFs,
although not frequent, can be quite catastrophic. In
the Middle Himalaya, intense rainfall in the form
of cloudbursts triggers rainstorm debris flows.
Metamorphites present in the middle basin offer
a large amount of solid material for debris flows.
In addition, highly collapsible dry soils with a
changeable composition could trigger geotechnical
mudslides easily (Chen et al. 2013).
This study investigated the composition of debris
flows in the Menbudui gully, located along the
China‒Nepal highway. The debris flow deposits
mainly comprise gravel larger than 2 mm (62%),
sand of 0.05‒2 mm (24%), and small proportions
of tiny powder grains and clay. The gully has 1‒2
debris flows every summer.
The Zhangzangbo debris flows are a type of
Himalayan GLOF debris flows. On 11 July 1981, the
Cirenmacuo glacial lake burst, which loosened
solid materials along the way to form a debris flow.
Since this debris flow, 707 landslides have taken
place there and more are expected in the future.
The middle sections of the Koshi River encounter
rainstorm debris flows. The Khurkot debris flow
gully is one such site, which experiences a large
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number of landslides. In one such debris flow in
1985, eight casualties were reported, The floods and
debris flow lasted 3‒4 days (Chen et al. 2013).
2.6.2.7 DROUGHTS

Severe droughts occur commonly in the basin,
in both the hill and the Terai regions (ICIMOD
2009). Eleven severe droughts occurred in the
Indian part of the basin over 1905‒1970, affecting
lives and livelihoods (Chen et al. 2013). The
evapotranspiration rates (1,500‒2,000 mm) in
the middle part of the basin are higher than the
mean precipitation rates of 900‒1,200 mm, hence
affecting soil moisture and making this part a
hydrologically water-scarce region. In addition, the
uneven seasonal distribution of rainfall, limited
vegetative cover, population growth, a shortage of
water storage facilities, and hardly any water supply
regulation together contribute to water deficiency
and droughts in the region. In the hilly regions
of the basin, three districts ‒ Sankhuwasabha,
Dhankuta, and Kavrepalanchok ‒ reported
inadequate water supplies for both domestic use
and irrigation (ICIMOD 2009). Water sources have
declined, hence more time is required to fetch
water and water disputes have increased. Drought
conditions have affected rain-fed agriculture,
with decreases in crop yields (Chen et al. 2013). In
Jhigu, Nepal, only 10% of the agricultural plots are

FIGURE 15

irrigated, and more than 90% of the rivers were
reported to be totally dry. Likewise, droughts have
been reported in districts in southern Bihar and
Jharkhand based on historical records for 1966‒67
and 1986-87, and flood-prone northern Bihar is as or
more susceptible to droughts than southern Bihar
and Jharkhand (ICIMOD 2009).
2.6.2.8 SOIL EROSION

The highest rate of soil loss in the KRB, of about 22
tonnes/ha/year, has been estimated from barren
land. In comparison, the estimated annual soil
erosion in agricultural areas and grasslands is 5.3
tonnes/ha/year and 5 tonnes/ha/year, respectively.
The lowest rate of soil erosion is observed in
forested areas, at 0.5 tonnes/ha/year (Uddin et
al. 2016). The maximum and minimum soil loss
occurred at elevations of 1,000‒2,000 masl and
70‒100 masl respectively.
Uddin et al. (2016) reported that between 1990 and
2010, the erosion risk class for about 87% of the
study area remained unchanged. The proportion of
the low-risk area decreased from 68.3% in 1990 to
67.2% in 2010, whereas the extremely high-risk zone
area showed a slight increase, from 1.8% to 1.9%
(Figure 15). Overall, the risk of erosion increased
over 9% of the area, and decreased over 3.8%,
indicating that the situation is worsening.

CHANGE IN EROSION RISK BY CATEGORY, 1990‒2010 (%)

68.3

67.2

1990
2010

20.4

19.7
9.5

11.1
1.8

Low (0-1)
Source: Based on Uddin et al. 2016

36

THE KOSHI RIVER BASIN RESOURCE BOOK

Medium (1-10)

High (10-50)

1.9

Extremely high
(>50)

2.6.2.9 EROSION AND SEDIMENTATION

The KRB is known to carry an exceptionally high
sediment load. Although the KRB’s size is only
9% that of the Ganges River system, it contributes
nearly 25% of its total sediment load (Dixit et al.
2009). An average annual sediment load of roughly
100 million tonnes (Mt) has been recorded at
Chatara in Nepal, where the seven tributaries of the
Koshi meet.
Sediment budgeting, based on suspended sediment
loads measured at different stations, has shown
that the estimated sediment load downstream (at
Birpur) is lower (81 Mt/year) – than it is upstream,
at Chatara (101 Mt/year). This suggests that 20 Mt of

FIGURE 16

Indrawati/
Bhote Koshi

sediments are deposited annually between Chatara
and Birpur. The volume of sediment accumulated
between Chatara and Birpur could be around 1,080
Mt, which might have accumulated at a rate as high
as 5.31 cm/year, and with a thickness of 2.87 m.
Sediment loads even further downstream at Baltara
reduce to 43 Mt/year, partly due to the trapping
of sediment upstream of the Birpur barrage and
partly due to the low longitudinal slope (0.01°‒8.4°),
indicating that the volume of sediment deposition
between Birpur and Baltara is 53 Mt/year (Figure
16). In the Birpur‒Baltara stretch, the larger width
of the channel lowers the sediment thickness (2.13
m) and sedimentation rates (3.94 cm/year)
(Sinha et al. 2019).

SEDIMENT BUDGETING WITH SUSPENDED SEDIMENT LOADS AT DIFFERENT STATIONS IN THE KOSHI BASIN

Tama
Koshi

Arun

Paremeters

Chatara–
Birpur

Birpur–
Baltara

Average sediment load
between the stretch (Mt/
year)

(101-81)
= 20

(81+8+743) = 53

Total sediment mass
deposition in 54 years (post
embankment period) (Mt)

1,080

2,862

Total area of deposition
between the stations
(channel belt area) (km2)

142

507

Sediment Density (find
sand) (kg/m3)

2,650

2,650

Total sediment volume
accumulated in 54 years
(m3)

408x106

1,080x106

Sediment thickness (m)

2.87

2.13

Rate of sedimentation (cm/
year)

5.31

3.94

Sun Koshi
Mulghat
16 Mt/yr

Busti
10 Mt/yr

Sapta Koshi

Dolaghat
30 Mt/yr

Kamala-Balan

Baghmati

Chatara
101 Mt/yr

Birpur
81 Mt/yr

Jhanjharpur
8 Mt/yr

Hayaghat
7 Mt/yr

Tamor

Baltara
43 Mt/yr

Source: Sinha et al. (2019)
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The sediment generated in upstream areas is
transported and deposited downstream in the
plains of Nepal and Bihar. The elevation in the
riverbed that ensues contributes to frequent
flooding and erosion of the riverbanks. The risks
associated with water-induced disasters during
the monsoon are further amplified by riverbank
erosion, which increases the likelihood of the river
shifting course.
The alluvial fan of the Koshi River shows the
dynamic nature of the river’s channel over the past
two centuries, during which it has moved more
than 113 km across the Bihar plains (Chakraborty
et al. 2010). Because of the transboundary nature
of the river, controlling soil erosion and managing
its sediment requires collaborative, integrated, and
multi-disciplinary assessments and management
by several stakeholders across the region.
The excessive sediment flux in the Koshi River
is a clear manifestation of large-scale erosional
processes upstream that affect various utility
structures downstream, including hydroelectric
power stations, barrages, and irrigation canals.
In addition, the eroded soil in the sediment, from
agricultural plots upstream, contains pesticides
and fertilizers, which contaminate the water used
by local communities downstream and also affect
the freshwater habitats of riverine animals.

2.6.3. Upstream‒downstream linkages 		
and transboundary aspects
In a transboundary river basin, anthropogenic
activities and natural processes in upstream areas

TABLE 7
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have implications for environmental conditions
downstream. Some of this has been discussed in
the subsections above, and are briefly touched
upon here. Heavy rainfall in upstream areas can
cause floods and water-related hazards in areas
downstream, especially during the monsoon. Bihar
is frequently vulnerable to floods and water-related
disasters.
In upstream areas, landslides are very common on
hilly slopes during the monsoon. In some cases,
large dams created by landslides, as happened in
the case of the Sun Koshi River in Nepal in 2015, can
cause serious concern in plains areas downstream.
In the case of LLOFs, downstream communities
may suffer a huge loss of life and property. GLOFs
can also have serious and abrupt impacts on
downstream communities, as experienced during
past such events in the KRB. Many disasters in the
Koshi basin have upstream‒downstream linkages
and a better understanding of the processes that
can trigger these is very important to minimize
their impacts. Where the disaster may have impacts
across borders, transboundary cooperation,
including data- and information-sharing, is needed.

2.6.4. Cascading events
This refers to interconnected natural process
in which primary hazards or events trigger
secondary or even tertiary hazardous events.
The primary hazards may be geophysical or
hydrometeorological in nature, such as GLOFs or
earthquakes. These may trigger secondary hazards,
such as landslide dams and subsequent outburst
floods (Table 7).

PRIMARY AND SECONDARY HAZARDS IN THE KOSHI BASIN

Primary hazard

Event

Secondary hazard

Reference

GLOF

Zhangzangbo,
1981

Triggered 707 landslides at the Quxam‒
Friendship bridge

Chen et al. (2013)

Landslide

Jure, Nepal, 2014

Created a landslide dam and subsequent
outburst floods in the Sun Koshi River

MoI (2014)

Earthquake

Earthquake in
Nepal, April 2015

Some 1,138 landslides were identified, in
Bhote Koshi and Tama Koshi sub-basins

Zhang, Yao et al. (2016)
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Knowledge gaps
•

The monitoring of glacial
lakes, particularly based on
field observations, is currently
inadequate

•

Transboundary sharing of
information related to natural
hazards is insufficient

•

There is inadequate monitoring
of erosion and sedimentation
and their role in river dynamics
and flooding

•

There is inadequate study of the
factors that trigger landslides
and their thresholds; there is the
lack of a landslide monitoring
and early warning system

•

Limited understanding of
droughts and the lack of a
drought early warning system

KEY MESSAGES

The KRB is prone to multiple hazards such
as GLOFs, LLOFs, flash floods, landslides,
erosion, debris flows, riverine floods,
droughts, and sedimentation. These
hazards can often be of a cascading nature.
These natural hazards cause a significant
loss of lives and property every year,
negatively impacting developmental efforts
in the basin.
The frequency of floods and landslides in
the Koshi basin are rising, along with an
increase in the frequency of GLOFs due
to an increase in glacier melt. Climate
change, including projected increases in
temperatures and extreme precipitation
events, in combination with socioeconomic
changes, is likely to result in an increased
frequency and a greater magnitude of
natural hazards in the future.
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2.7. Gender, socioeconomic 			
status, and livelihoods
2.7.1. Demographic features and trends
The Koshi River basin encompasses 27 districts in
Nepal, 16 districts in Bihar, India, and five counties
of the TAR, China. Its population was 35.6 million
as per the 2011 national censuses in Nepal and
India, and the 2010 census in China (CBS 2011;
MoHA 2011; NBS 2010). It was 29 million in 2001,
hence there was a 19% increase in population over
that decade. During the 1980s and1990s, decadal
population growth had been in the range of

TABLE 8

30%‒32%, so the growth rate during 2001‒2011 was
about 13% lower (Table 8).
It is important to note that the population growth
has, however, not been uniform across the
basin. The highest growth rates and densities of
population have been in Bihar and the Terai in
Nepal, even as the 12 hill and mountain districts
in Nepal have experienced a negative growth
(Annexure 3). The frequent occurrence of waterrelated hazardous events, the drying of springs,
and limited livelihood options as push factors
compel people in the higher reaches of the basin to
migrate to safer places and urban areas. This has
consequences for land use, the demand for water,
and supply systems in the basin.

DECADAL CHANGES IN POPULATION OF THE KOSHI BASIN, 1981‒2011

Region

Population
in 1981
(’000)

Population
in 1991
(’000)

Decadal
growth in
population,
1981‒1991
(%)

Population
in 2001
(’000)

Decadal
growth in
population,
1991‒2001
(%)

Population
(’000) in
2010‒2011
(’000)

Decadal
growth in
population,
2001‒2011
(%)

Basin area
(km2)

Population
density in
2011 (per
km2)

Nepal

5,859

7,254

24

8,874

22

10,421

15

41,350

252

Bihar,
India

11,000

14,700

34

20,125

36

25,339

26

22,210

1,141

‒

‒

‒

‒

‒

95

‒

28,368

3.3

16,859

21,924

30

28,999

32

35,607

19

91,928

‒

TAR, China
Total

Source: CBS (2001, 2011); GoI (2011); MoHA (1981, 1991, 2001, 2011); NBS (2010)
Notes: 1. Population figures have been rounded off. 2. Decadal population growth rates only consider the populations of Nepal and Bihar due
to the lack of data availability for the TAR. 3. Basin area is of the administrative unit used by the Censuses for the calculation of population
density, and may differ from the basin’s drainage area

GENDER RATIO BY COUNTRY IN THE KOSHI
RIVER BASIN

FIGURE 17

52.3

51.7

50.5
49.5
48.3

47.7

Male
Female

China

India

Nepal

Source: Prepared based on data from CBS 2011; MoHA 2011; NBS 2010
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Gender-disaggregated population data
pertaining to the Koshi basin for the
three countries shows that females
account for 48.3%, 47.7%, and 50.5%
of the population in the Chinese,
Indian, and Nepali parts of the basin
respectively (Figure 17). The average
female-to-male gender ratio for Nepal
as a whole is 94.5, followed by China
at 92.3, and India the lowest at 90.7
(CBS 2011; MoHA 2011; NBS 2010).

The gender ratio in Tingri, China, is 93 women for
every 100 men. Similarly, Supaul and Madhubani
districts in Bihar have a gender ratio (93 women for
every 100 males) higher than the national average,
whereas in Bhagalpur district this ratio falls to
88. In the Nepali portion of the basin, the ratio is
102 females for every 100 men. However, there is
considerable variation at the district level. For every
100 men, there are 116 women in Ramechhap and
merely 91 in Kathmandu district.
2.7.1.1. ABSENTEE POPULATION IN NEPAL

The absentee population in the Nepali part of the
Koshi basin is 581,319, of which 88% are male, and
12% female. At the provincial level, the absentee
population is the highest in Province 3, at 34%,
followed by Province 2 (33%) and Province 1 (27%).
It has been observed that a high proportion of both
men (13.8%) and women (39%) migrate out from
Kathmandu district (CBS 2011).

2.7.2. Indicators relevant to SDGs in the 		
Koshi basin
Despite being endowed with fertile lands, ample
water resources, and the potential for fisheries,
hydropower, and tourism, the incidence of poverty
and food insecurity is higher in the three regions
of the Koshi basin than corresponding national
figures.
The incidence of poverty in 17 districts of the basin
in Nepal (with the poverty level as USD 1.25 per day
per capita) was found to vary considerably, from
21% in Sunsari district to 60% in Sindhuli district

TABLE 9

(WECS 2011). A more recent report shows that
both the monetary poverty levels and the multidimensional poverty index (MPI) in Province 2
is higher than the national average, whereas the
poverty levels of the remaining two provinces in
the basin are comparable with the national average
(GF 2018). Province 2 fares better with drinking
water access but its sanitation levels are very poor.
In contrast, provinces 1 and 3 are relatively poor
in drinking water access but better in sanitation in
comparison to the national average. Food balance is
a proxy for food security; it is negative in provinces
2 and 3 and positive in Province 1 (Table 9).
Regarding access to water, in both Nepal and India,
fetching drinking water is seen as a woman’s job.
In Nepal as whole, 7% of the households spend 30
minutes or longer to fetch water (UNICEF 2016).
On average, women spend 5.8 hours a day fetching
water and fuelwood, and tending to livestock,
whereas men spend about 3.5 hours (Wahid et al.
2017).
Sanitation coverage in the Nepali part of the
basin has risen from 43% in 2010 to 89% to 2016.
The seven districts of the Terai have the lowest
sanitation coverage of 62%. Of the 3.5 million
people in Nepal who defecate in the open, about 2
million (60%) are in the seven districts of the basin.
The disparities in sanitation are largely related to
existing social norms and sociocultural practices
followed in the Terai. For instance, daughters-in
law are discouraged from using the same toilet as
their fathers-in law, which either adds to the burden
of building additional toilets or these women have
to defecate in the open (UNICEF 2016).

KEY SOCIOECONOMIC INDICATORS IN THE NEPALI PART OF THE KOSHI BASIN

Indicators

Province 1

Province 2

Province 3

Basin total

National

1,211

922

1,367

‒

‒

Literacy rate (%)

71

70

69

‒

67

Households with toilets (%)

72

26

72

‒

62

Households with improved sources of
drinking water (%)

84

94

83

‒

86

Poverty levels (%)

16.7

26.7

20.6

‒

25

Multi-dimensional poverty index (MPI)
(%)

19.7

47.9

12.3

‒

28.6

320,209

‒111,848

‒535,029

‒32,668

‒84,536

Per capita Income (USD, in PPP)

Food balance (availability‒
requirement) (Mt)
Source: GF (2018)
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In the districts of Bihar, the poverty levels vary.
They range from 8% in Madhepura to 65% in
Muzaffarpur, with an overall state average of 43%
(the national average is 30%) (Chaudhuri and Gupta
2009). Access to drinking water is comparatively
reasonable (about 75% of the households); however,
there are issues with its quality.
The number of households with no access to toilets
is the highest in Bihar among Indian states. Access
to electricity among rural households in the state
is significantly lower than the national average,
which has an adverse bearing on their access to
groundwater irrigation and on mechanization in
agriculture.
Here too, these gaps in welfare provisions have
gendered effects. Any inadequacy in the supply
of water will not just adversely impact the health
of household members, it will also place an
immense burden on the women and young girls of
the household, who are primarily responsible for
fetching drinking water.
Women also get affected by the lack of access to
modern sources of energy. The poor quality of
housing in rural areas, and the lack of ventilation
compels women to inhale hazardous woodsmoke
from the combustion of low-quality firewood and
other biomass. It has been estimated that it is
comparable to smoking 400 cigarettes a day. Indoor
pollution can cause chronic respiratory problems,
throat cancer, and stillbirths in rural areas
(Momsen 2010).
To summarize, the Koshi River basin illustrates
complex processes, multifaceted social issues, and
varied differentiation pertaining to gender, caste,
class, and age and driven, among other factors, by
culture, religion, politics, geographical location,
market conditions, and climate. In the basin, as
elsewhere, marginalized groups, including socalled lower castes and Muslim communities,
are more deprived than so-called upper caste
communities. Women too tend to be more
deprived and have less access to basic services
such as education, healthcare, improved drinking
water and sanitation, electricity, and control over
resources. They are discriminated against in
sociocultural and political institutions, and lacked
mobility and access to, and control over resource
and services, which leaves them highly poor. Their
lack of participation in organizational structures
and decision-making makes them even more
vulnerable in the event of disasters. This is likely
due to common practices such as early marriage,
preference for a male child, purdah, patrilineal
land inheritance, and the gendered division of
labour (Foran et al. 2015; Khadka et al. 2015).
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Female literacy rates are lower
than that of men, and women
own less land (and of smaller
landholding size) than men.
Women’s participation in nonfarm activity (such as jobs,
education, migration, and trading)
is also lower than that of men.
So is women’s participation in
institutions for the management
and use of natural resources
‒ including those pertaining
to water, community forestry,
climate change, and disaster
mitigation.
The impacts of climate
change disproportionately
affect women because of their
socially-determined roles and
responsibilities, and limited
access to, and control over,
resources and services.

In order to address these deep gender
discriminations, it is vital to increase investment
in building the capacities of women in leadership
roles, have landholdings in the woman’s name,
promote female-friendly technologies (such as in
water harvesting and agricultural production),
and carry out research with a robust methodology
that promotes gender-disaggregated data for
policy advocacy, investments, and civil society
participation. There is the need to integrate gender
concerns in planning and implementation in
national and local-level organizations. Unless
women can strengthen their agency and actively
expand their economic opportunities, there will be
continued power imbalances and unequal decisionmaking, which will hamper the transformative
change needed to achieve the sustainable
development goals in the Koshi River basin.

2.7.3. Livelihoods: Current constraints 		
and economic opportunities
Water-based occupations ‒ mostly around
agriculture, livestock rearing, and fisheries ‒ are
the most prominent livelihood options in the
KRB. Freshwater plays a key role in generating
livelihoods for people in the basin. It follows that
sustainable water resource development and
management is central to food security, energy
security, and the economic development of the
countries of the river basin.
2.7.3.1. AGRICULTURE, THE MOST PROMINENT 		
LIVELIHOOD OPTION

Most of the KRB is suitable for both crop production
and livestock rearing due to the availability of
fertile, alluvial cropland in downstream areas and
pasture lands upstream. Agriculture is organized
around a cereal-dominated, integrated crop‒
livestock farming system. However, the yields
of major crops in the basin are low compared to
elsewhere in South Asia. For example, the yields of
paddy ‒ the dominant cereal crop downstream ‒ in
Bihar are about one-third the Indian and South
Asian average, and one-fourth of average global
yields. The yields of varied vegetables and fruits are
more comparable with regional and international
levels, but vegetables cover a small portion of the
total cultivated area in the basin. Fertilizer use
is low; there exists the possibility of raising crop
yields by increasing fertilizer use and other inputs,
and via better water management practices. The
production of milk and meat is significant in the
basin, more likely the result of the large number of
livestock than due to the productivity of livestock.

We now briefly discuss the situation regarding
agriculture in each of the three regions of the Koshi
basin.
Agriculture in Nepal
The KRB in Nepal, and Province 2 in particular,
is relatively more productive than the rest of the
country. Cereals are grown on the fertile lands in
its valleys and plains areas, while vegetables and
fruits are largely grown in the many pockets in the
mountains and hills, both on and off season. Rice
is the main cereal, followed by wheat and maize,
and then millets and barley (which is grown on
marginal lands) in mountainous areas. Some of the
mid-hill districts are very productive for potatoes
and other on- and off-season vegetables.
About half the land in the Nepali part of the basin is
irrigated. In Province 2, 75% of the land is irrigated,
but only 22% in Province 1 (Table 10). Depopulation
in the hill and mountain areas, and in-migration in
the plains have impacted agricultural land use in
each of the regions. Total cropping area decreased
by 90 km2 in the basin between 1992 and 2010
(Paudel et al. 2014). The types of crops grown have
also changed over time, from traditional cereals
such as rice, wheat, and maize to vegetables, potato,
cash crops, and hybrid maize, especially in the
irrigated areas of the basin (Hussain et al. 2018).
Both these factors have impacted water demand in
agriculture.
The basin in Nepal has 2.7 million heads of cattle,
of which 0.4 million are milking cows. This includes
1.8 million buffaloes, of which 0.5 million are
milking buffaloes. It also has 3.8 million goats,
0.13 million sheep, 0.8 million pigs, and 15 million
poultry (MoAD 2012). Livestock-rearing provides
households with sources of protein, income,
employment, draught power, and manure, and
is an important component of subsistence-based
agriculture.
Agriculture in Bihar
Census data for 2011 indicates that 88.7% of the
state’s population resides in rural areas, where
agriculture is the main occupation (Kumar and
Maulick 2016). Farming is dominated by paddy,
wheat, and maize. The average rice yields in the
state are less than half the all-India average and
quarter the global average (FAOSTAT 2018; GoB
2017). Agricultural productivity is mostly affected
by excessive rainfall that results in floods and
waterlogging, and by periodic droughts. In Bihar,
more than 41% of the cropped area gets flooded
regularly (GoI 2008). Around half the cultivated area
in the state is irrigated, mostly using groundwater.
THE KOSHI RIVER BASIN RESOURCE BOOK

43

TABLE 10

COMPARISON OF AGRICULTURAL INDICTORS IN THE NEPALI PART OF THE KOSHI BASIN WITH NATIONAL AVERAGES

Indicators

Province 1

Province 2

Province 3

Koshi basin

Nepal

274

529

225

1,029

2 ,641

60 (22%)

393 (75%)

51 (23%)

505 (49%)

1,392 (52%)

Paddy yields (Mt/ha)

3.2

3.0

3.4

-

3.2

Maize yields (Mt/ha)

2.5

3.5

2.6

-

2.5

320,209

‒111,848

‒535,029

‒32,668

‒84,536

Agricultural land (’000 ha)
Irrigated land (’000 ha)

Food balance (Mt)
(availability‒requirement)
Source: GF (2018); MoALD (2016)

The major animals owned by households are cows,
buffaloes, goats, and poultry. The Koshi basin in
Bihar has 6 million cows (0.16 per capita), 3 million
buffaloes (0.08 per capita), 5.4 million goats (0.13
per head), and 5.4 million poultry (0.13 per capita).
Annual milk production is estimated at 3.25 Mt and
meat at 100,000 Mt (estimated as half Bihar’s total)
(GoB 2012).
Livestock is an important source of family income
and livelihoods and, most importantly, contributes
significantly to food and nutritional security. It is
even more important for women, marginalized
communities, and landless households, who
completely depend on dairy for their livelihoods.
However, women provide a large part of the labour
for dairying (70%) but the income from dairy
products is not always under their control (GoB
2019).
Agriculture in the TAR
In Shigatse prefecture in the TAR, there are two
main types of farming systems –crop-dominated
and agro-pastoral (Tashi and Pratap 2004). The
crop-dominated system is practised mainly in
the fertile lands in the river valleys, one in which
farmers grow crops in combination with livestock
rearing. The major crops grown are wheat, peas,
potatoes, and rapeseed. The agro-pastoral system
is practised at higher altitudes, in which livestock
rearing is the main occupation. Barley is the main
crop grown in this system, near rivers, and peach
and apple orchards are also found on a small scale.
Farmers predominantly raise yaks, cattle, horses,
donkeys, sheep, and goats. The majority of the
people in the trans-Himalayan zone are nomadic,
and transhumance is popular.
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Finally, it bears noting that the contribution
of women to agriculture in the basin remains
invisibilized. Women constitute a significant
proportion of agricultural workers in the KRB, and
they face climate-related challenges such as water
scarcity, drastic reductions in agriculture yields,
increasing crop pest infestations and diseases, food
insecurity, health issues, and increased workloads
the most (Khadka et al. 2015). During a crisis or
when disaster strikes, the workload of women
increases even more, requiring more time and
effort, such as walking longer distances to procure
water and fodder (Nibanupudi and Khadka 2015).
All these adverse impacts of climate change fall
more disproportionately on women, particularly
from marginalized communities.
2.7.3.2. FISHING

The KRB has a large potential for both aquaculture
and capture fisheries as it consists of numerous and
large waterbodies ‒ rivers, lakes, wetlands, and
ponds. However, aquaculture and capture fisheries
are not viable above 1,600 masl (FAO 2002; Shrestha
et al. 2009); thus, only the Nepali and Indian parts
of the basin are important for these activities.
Fishers here mainly belong to so-called lower caste
or ethnic groups, and have an underprivileged
socioeconomic status.
The Koshi River has 108 fish species, of which
33 are indigenous (Petr and Swar 2002; Shrestha
1990; Shrestha et al. 2009). Indigenous fish species,
such as Neolissocheilus hexagonolepis (katle),
Schizothoraichthys species, and Tor species are
economically important (FAO 2002; Shrestha et al.
2009).

All the Koshi’s tributaries in Nepal have potential
for fishing. Fourteen and 20 tonnes of fish were
produced in 2002 in the Tamor and Sun Koshi
basins, respectively, with an average capture of
27.5 kg/ha in Sun Koshi basin (FAO 2002). However,
in general, little is known about the total fish
production at the tributary or basin level (Miao
2010).
River fishing is negatively affected by chemical
pollution, the introduction of exotic species,
overfishing, pollution from unsustainable land use
practices, the use of small-sized gill nets (which
capture smaller fish), electro-fishing, the use of
poisons, and the construction of dams (FAO 2002).
Fish production is declining in some traditional
fishing areas (Dulal et al. 2010) and the younger
members of the fisher community are migrating to
towns in search of work (FAO 2013).
In 2011, Bihar had 4.9 million fishers, almost
5% of the state’s total population (MoHA 2011).
The state has 232,000 ha of water bodies (4%
of its total area) with large and small ponds,
tanks, rivers, reservoirs, and wetlands suitable
to capture fisheries. It produces in the range of
0.28 Mt of capture fisheries annually (GoB 2012).
There is ample potential to generate substantial
employment in fisheries for the rural poor in Bihar.
The 16 districts of the Koshi basin in Bihar
produced 0.17 Mt of fish in 2010‒11, almost 60%
of the state’s total (GoB 2012). East Champaran,
Darbhanga, and Madhepura are the major fishproducing districts in the state. However, the
fisheries sector in Bihar is facing similar problems
as Nepal, with water pollution being even higher in
Bihar due to the greater agricultural intensification
and levels of industrialization.
2.7.3.3. TOURISM

The KRB is rich in natural beauty and biodiversity,
and is full of lakes, rivers, wetlands, protected
areas, palaces, caves, temples, and other sites of
religious significance. It has a high potential for
tourism, which could play a significant role in job
creation, poverty reduction, and in boosting the
local economy. However, these benefits are being
realized in only a few areas of the basin and on a
limited scale.
The TAR is developing as a leading tourist
destination due to its natural scenery, and Tibetan
culture, which contribute significantly to the local
economy (Lihua and Jingming 2002). The extent to
which the glaciated, remote districts in the TAR are
likely to benefit from tourism has, however, not yet

been properly investigated, although they include,
for example, the Chinese base camp of Mount
Qomolangma (Everest).
In Nepal in 2018, tourism generated NPR 240 billion
in revenue, employed 1 million people, and its
share of the country’s GDP was 7.3% (WTTC n.d.). In
the Nepali part of the basin, there are major tourist
attractions such as Mount Qomolangma and other
peaks in Solukhumbu district; a myriad of Buddhist
temples; the Halesi Mahadev temple in Khotang
district, the Gosainkunda Lake in the Langtang
National Park, and Baraha Chhetra in the plains.
All of these are major pilgrimage destinations for
Hindus from Nepal and India, and for international
tourists from elsewhere as well. Nepal’s capital,
Kathmandu, and the associated towns Bhaktapur
and Lalitpur, also lie in the Koshi basin. Adventure
tourism attractions such as rafting, bungee
jumping, and kayaking on the Bhote Koshi are very
popular, as is fishing and rafting on the Sun Koshi;
many of the Koshi’s tributaries are, or could be
navigable. The Koshi Tappu area is a major centre
for birds ‒ with nearly 500 bird species ‒ and other
forms of biodiversity (see Annexure 1) and an
attraction for scientists and nature lovers alike.
Tourism is a strong sector in India’s economy as
well. In 2019, the travel and tourism sector together
contributed USD 194.3 billion in revenue (6.8%
of the country’s GDP) and employed 39 million
people in India (WTTC n.d.). In the Koshi basin,
three districts, Muzaffarpur, Bhagalpur, and
East Champaran, are the sites of major tourist
attractions, and popular with domestic tourists.
Tourist numbers in those three districts for
2003‒2010 are given in Table 11.
Its contribution to local economies
notwithstanding, mass tourism in the fragile
mountain ecosystem, accompanied by weak
regulations and institutions, is giving rise to many
serious socioeconomic and ecological challenges
in the KRB. These include sharp increases in the
demand for water and energy, pollution caused
by the deposition of non-degradable waste, and
increased water pollution, among others. It has
also increased inflation rates and intensified social
problems such as sex work. It has given rise to
conflicts and tensions in society, such as social
conflict between locals and the government,
and water-sharing issues between hotel owners
and locals. One needs to balance the trade-offs;
sustainable tourism should be encouraged.
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TABLE 11

TOURIST FLOWS IN SELECT DISTRICTS IN NORTH BIHAR, 2003‒2010 (’000)

Districts

2003

2004

2005

2006

2007

2008

2009

2010

72

290

68

66

241

295

217

269

2,505

1,523

1,156

2,191

2,286

2,229

2,055

714

East Champaran

144

136

135

142

72

91

82

15

Sub-basin total

2,721

1,949

1,359

2,399

2,599

2,615

2,354

998

Total

5,289

8,064

6,944

10,765

10,530

20,057

16,257

16,277

Muzaffarpur
Bhagalpur

Source: GoB (2012)

2.7.4. Recent shifts in livelihood patterns
Globalization, economic development, and climate
change have given rise to challenges and also
provided opportunities for the rural population
of the basin. Rural people have participated in
several market-based economic activities such as
wage labour, tourism, off-farm production, and
agriculture.
Although agriculture is still the main source of
livelihood in the basin, there have been substantial
shifts in livelihood patterns. There has been an
increase in the commercialization of agriculture,
the replacement of subsistence crops by cash
crops, and a diversification in the sources of
income, including an increase in remittances
from both short-term and long-term migrants
(Bastakoti et al. 2017; Hussain et al. 2016). These
shifts are due to different drivers in rural areas.
Some of the key drivers are migration ‒ both
seasonal and permanent ‒ globalization, the influx
of communication technologies, and improved
transportation. The current livelihood patterns are
not only contributing to high population densities
in some urban and peri-urban areas, but are
also changing household dynamics, for example
by feminizing agricultural activities. This has
increased both the workload and responsibilities
of women, and increased the dependence on
remittances from employment elsewhere, both
in the country and abroad. In some regions of the
KRB, such as in Bihar, the women’s share in nonagricultural employment (16%) is much lower than
men’s (84%) (Wahid et al. 2017).
Hazards could also alter livelihood activities. For
instance, marginal farmers in the Nepali part
of the basin who relied on the farm activities of
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their landlords, agricultural labourers, and even
landlords lost their sources of livelihood following
the 2008 floods when the fields were covered with
sand and turned barren. Key informants in a study
conducted in the area responded that the flood had
affected food security and gender roles (Dixit et al.
2009). Besides, young men who used to migrate to
either Nepal or India during the agricultural season
for work have now begun to migrate for longer,
mainly to the Gulf countries, thereby leaving
women, children, and the elderly back in the village
for longer periods.
These changing migration patterns and broader
socioeconomic changes have altered agricultural
land use patterns and reduced labour-intensive
agricultural practices. Labour shortages and
increasing labour costs have affected cropping
patterns too, with farmers moving from multicropping to single crops or even leaving their lands
fallow. Those who can are investing in residential
plots. This is likely to impact agricultural
production and induce food insecurity among
the resource poor, women, and the marginalized
(Banerjee et al. 2016; Craven and Gartaula 2015;
Gartaula et al. 2012; Paudel et al. 2014; Shreshtra
and Pokhrel 2016; Tamang et al. 2014)).

2.7.5. Gender-based work participation in
India and Nepal
To understand the changing dynamics in the
gender-based division of work participation, the
relevant census data on work participation from
India and Nepal was analysed (Figure 18). It
indicates that a larger proportion (28.8%) of the
male population in Nepal is engaged in economic
activities for more than six months a year than the

female population (17.9%). Similarly, in India, a
greater proportion of the men work for longer than
six months in a year than women, but in India, both

FIGURE 18

these proportions are lower than in Nepal (17.2%
for men and merely 4% for women).

LEVELS OF WORK PARTICIPATION AMONG MEN AND WOMEN IN INDIA AND NEPAL (%)

38.3
Not economically active - female

29.4

Not economically active - male

Not usually economically active - female

Not usually economically active - male

Usually economically active - female

17.4

27.8

5.4
2.8
7.4

1.3
4

Usually economically active - male

17.9
17.2

India
28.8

Nepal

Source: Census data from India and Nepal
Note: ‘Usually economically active’ refers to more than six months of work in a year, and ‘not usually economically active’ refers to those who
get work for less than six months a year

The female-to-male work ratio for the usually
economically active population indicates that, for
every 100 male workers who got work for over six
months a year in India, only 23 women did. For
Nepal, the corresponding figure is a much higher
62 female workers for every 100 men. In Nepal,
some of the usually economically active population
are at times unemployed in the census period;
their proportion of the usually economically
active category is only about 2%, of which males
constitute about 1.45% and females about 0.56%.
The gender ratios among marginal workers
(those who got work for less than six months) in
both countries are striking. In India, of every 100
marginal workers, 58 are male and 42 are female.
In contrast, in Nepal, the vast majority of marginal
workers (69.15%) are women, more than double the
men (30.85%).
In the category of non-workers in India, for every
100 males, there are 137 women unemployed; in
Nepal, for every 100 males, there are 169 women
unemployed.

This census data shows that the women’s share
in work participation is higher when the working
period is less than six months in the year. This is
particularly the case in Nepal, likely associated
with increasing male outmigration. This
increases the burden of work on women. Distress
male outmigration due to the lack of economic
opportunities in villages, the changing climatic
conditions, landlessness, and widespread poverty
has affected women’s work and the food security
of the women left behind. The women continue
to remain marginal workers in the villages,
reconfirming their secondary status as the
household’s income earners.
The women who stay back bear the burdens of
female-headed households and the associated
risks related to prolonged migration by the men
(Banerjee et al. 2016). But with male outmigration,
there are complex processes of challenging and
perpetuating social norms. It has changed the
gendered role of women as agricultural labourers
(Choudhary et al. 2018). It has been argued that with
male outmigration, women gain greater autonomy
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and decision-making authority. However, these
decisions are at operational levels for household
management; the men still take the strategic
decisions (Premchander and Muller 2006).
“In migrant households in the hill districts of the
Nepal Koshi basin, women don’t control the use
of remittances; instead, their husbands instruct
them from abroad over phone on where and how
to spend the funds they have sent” (Adhikari and
Hobey [2011], cited in Khadka et al. 2015, p. 1059).

KEY MESSAGES

The socioeconomic indicators for
the Koshi basin ‒ such as literacy
rates, incidence of poverty, per capita
income, food security, and access to
drinking water and sanitation ‒ are
poor.
Although agriculture is the main
livelihood option in the basin, it
operates at low levels of productivity.
Fishing is declining over time, and
outmigration for employment is
growing strongly as an alternative
livelihood choice. There is huge
scope for tourism, but it has not been
adequately tapped as yet in many
parts of the basin.
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Despite shifts in household dynamics and women
taking on new roles and responsibilities, women
still have to deal with the same, unchanged
institutions, policies, and markets. Therefore, for
a more transformative change in gender relations,
merely economic participation by women is not
sufficient. The production process needs to move
towards female ownership rights over resources,
the gendered gaps in earnings need to close, and
women need to have greater influence in decisionmaking and leadership (Agarwal 1997).

Knowledge gaps
•

The implications of the changing demographic
patterns in the Koshi basin for the demand and
supply of water and other resources need to be
understood in the context of natural disasters,
climate change, and outmigration. The
emerging opportunities thrown up by ongoing
socioeconomic changes also merit closer study

•

Why agricultural productivity in the Koshi
basin is low despite being rich in land and
water resources needs to be better understood

•

How water resource development in the
Koshi can enhance livelihoods and economic
opportunity needs to be further studied

•

How to integrate gender in water resource
planning and development at the local,
national, and transboundary levels needs
further research

•

A robust gender-related methodology specific to
the Koshi, incorporating gender-disaggregated
data, is needed for policy advocacy, capacitybuilding, sound investments, appropriate
technological interventions, and civil society
participation

2.8. Conclusions
A robust understanding of water and related
ecosystems in a river basin provides the basis
for sound river basin management. Available
information for the Koshi River basin shows
that the climate in the basin has been changing
in recent decades. There has been an increase
in average temperatures and robust modelled
scenarios suggest continued increases in
temperatures in the future. They have also
suggested changes in precipitation patterns in
the KRB. These climatic changes will alter the
hydrological and glaciological regimes, and
significantly impact the natural environment and
societal infrastructure, thereby affecting millions
of people dependent on the basin’s resources. Prior
knowledge about these climatic changes and their
impacts on varied components of the basin would
be essential to holistic river basin management.
Land use and land cover comprises an important
component of river basin management. Grassland
is the major type of land cover in the KRB,
followed by forests. There has been an increase in
agricultural land and a slight increase in the basin’s
built-up area. Projections suggest a further increase
in built-up area at the cost of cropland, while some
of the forested area will be converted to cropland.
Grasslands will decrease significantly in the future.
The KRB is one of the world’s biodiversity hotspots,
with varied fauna and flora and a rich agrobiodiversity. The basin hosts critical ecosystems,
including several protected areas, and important
plant and bird areas. It provides various types of
ecosystem goods and services, the value of which
could be around USD 9,000 million annually.
However, these services are changing and are likely
to change further with time. The degradation of
habitats, urbanization, climate change, and land
use changes are contributing to the degradation
of varied ecosystems in the basin and a decline in
ecosystem services.

On the one hand, excess cryospheric melt could
contribute to the growth of glacial lakes, and GLOFs
from some of these lakes would be a challenge for
the basin’s development. In the longer-term, the
receding of the cryosphere due to global warming
will gravely impact water availability in the basin,
particularly in the pre-monsoon months.
The basin’s numerous wetlands improve water
quality, recharge groundwater, provide habitats to
numerous species, and modulate its hydrological
regime. Hence, a decline in wetlands in the basin
can create multiple adverse impacts.
The basin is prone to multiple hazards such as
GLOFs, LLOFs, flash floods, landslides, debris
flows, droughts, erosion, and sedimentation. These
hazards are oftentimes cascading in nature. They
are likely to intensify in the future due to ongoing
socioeconomic and biophysical changes, including
climate change. They pose complex challenges
because in many cases these natural hazards
transcend political boundaries in the basin.
There is a great heterogeneity in population
density between regions of the basin, with sparse
populations in the trans-Himalaya and dense
populations in the middle mountains and the
plains. This is overlaid by a negative growth in
population in the mountains due to outmigration
and higher population growth rates in downstream
parts of the basin. Low literacy rates, high levels of
poverty, low per capita incomes, poor food security,
and poor access to drinking water and sanitation
are some of the socioeconomic challenges of the
basin.

Water constitutes the major ecosystem service
provided by the KRB. It enables irrigation,
hydropower generation, and meeting industrial,
drinking water, and other domestic needs. It
can also throw up challenges as the basin is
characterized by too much and too little water
during different seasons.

Sound knowledge about the water ecosystem is
needed for integrated river basin management.
Whereas adequate knowledge is available in many
domains, there is the potential for further research
and the development of available knowledge in
some areas. For instance, there is the need to
reduce the uncertainties in climate projections.
The drivers and dynamics of land cover changes
need to be analysed further to understand
future changes better. An improved valuation of
ecosystem services is essential for the river basin’s
management. The wetlands and water quality
in the basin deserve more research attention.
Quantifying the role of wetlands in the hydrological
regime is an important area of study.

The cryosphere forms a major source of water in
the basin. The contribution of the cryosphere to
water supply at the basin level is estimated at 15%,
but its contribution is particularly significant in
upstream areas and during the lean flow months.

The monitoring and assessment of erosion and
sedimentation has been a relatively neglected area.
There is also a need to improve the understanding
of the connection between changing demographics
and demands for water. Why agricultural
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performance in the basin is poor despite the
presence of productive land and ample water needs
to be further analysed. Finally, natural hazards
transcend political boundaries. However, there is a
paucity in transboundary information-sharing and
risk mitigation, and the mechanisms that would
enable these need to be strengthened.
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2.10. Annexures
ANNEX 1: SPECIES DIVERSITY IN PROTECTED AREAS OF THE KOSHI RIVER BASIN

Ecosystem type

Floral diversity

Major floral species

Faunal diversity

Major faunal species

1. Qomolangma National Nature Preserve, China
Core area: 10,324.85 km2; buffer zone: 6,254.93 km2; altitude: 1,440‒8,848 masl; established in 1989
Mixed mountain and
alpine ecosystem

2,088 species of
vascular plants,
including 1,527 species
of angiosperms,
17 species of
gymnosperms,
155 species of
pteridophytes, 179
species of lichens,
and 210 species of
bryophytes

Himalayan yew,
Himalayan spruce

263 species of
animals, including 50
mammalian species,
189 species of birds, 7
amphibian species, 6
reptile species, and 11
fish species

Snow leopard, clouded
leopard, Himalayan
goral, blue sheep,
langur, Himalayan
tahr, Tibetan wild ass

2. Sagarmatha National Park, Nepal
Core area: 1,148 km2; buffer zone: 275 km2; altitude: 2,945‒8,848 masl; established in 1976; declared a World Heritage Site in 1979
Eight ecosystem types,
including snow/glacier
ecosystem, alpine
meadows, mixed and
conifer forests

1,074 floral species,
including 160
vascular plants,
6 gymnosperms,
109 dicots, and 45
monocots

Blue pine, fir, juniper
scrub

33 species of
mammals, 208 species
of birds, five species of
herpetofauna, and one
fish species

Red panda, snow
leopard, Himalayan
goral, Himalayan
serow, Himalayan
musk deer, Himalayan
black bear, Himalayan
monal, robin accentor

3. Makalu Barun National Park, Nepal
Core area: 1,500 km2; buffer zone: 830 km2; altitude: 435‒8,463 masl; established in 1991
Twenty types of
ecosystems, including
glacier/snow
ecosystem, mixed and
conifer forests, alpine
meadow, and tropical
hill sal forest

284 vascular plants,
4 pteridophytes, 7
gymnosperms, 245
dicots, 28 monocots,
and 8 endemic
flowering plants

Shorea robusta, Pinus
spp., Schima spp.,
Castanopsis spp.
Macaranga spp.,
oak, laurel, berberis,
rhododendron, birch,
fir, juniper

88 mammalian
species, 421 species
of birds, 14 species of
herpetofauna, and 13
species of fish

Snow leopard, red
panda, musk deer,
weasel, marmot,
woolly hare, longtailed thrush,
chestnut-headed
tesia, Himalayan
monal, Darjeeling
woodpecker

13 mammalian and
280 bird species

Snow leopard, musk
deer, blue sheep,
red panda, goldenbreasted fulvetta,
snow cock, blood
pheasant, red-billed
chough

35 species of
mammals, 16 fish
species, 31 species of
herpetofauna, 235 bird
species

Snow leopard, musk
deer, blue sheep, red
panda Himalayan tahr,
ibisbill

4. Kangchenjunga Conservation Area, Nepal
Core area: 2,035 km2; altitude: 1,200‒8,598 masl; established in 1997
Twelve types of
ecosystems, including
glacier/snow
ecosystem, alpine
meadow, temperate
forest, alpine
ecosystem , and upper
tropical ecosystem

77 vascular plants,
3 gymnosperms, 70
dicots, 4 monocots, 23
species of flowering
plants

Larch, juniper,
oak, magnolia, fir,
hemlock, Schima
spp., Castanopsis spp.,
rhododendrons

5. Gaurishankar Conservation Area, Nepal
Core area: 2,179 km2, altitude: 1,000‒7,200 masl; established in 2010
Sub-tropical forest and
alpine shrubland
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Schima spp.,
Castanopsis spp., Pinus
spp., Alnus nepalensis,
oak, rhododendron,
birch

6. Koshi Tappu Wildlife Reserve, Nepal
Core area: 175 km2; buffer area: 173 km2; altitude: 80‒100 masl; established in 1976; declared a Ramsar site in 1987
Five types of
ecosystems, including
khair‒sissoo riverine
forests, water bodies,
and cultivated land

158 vascular plants,
including 4 species of
pteridophytes, 112
dicot species, and 42
monocot species

Acacia catechu,
Dalbergia sissoo,
Dalbergia latifolia,
Bombax ceiba, orchids,
eelgrass

21 mammalian
species, 45
herpetofauna species,
200 fish species,
494 bird species, 77
butterfly species

Wild water buffalo,
Gangetic dolphin,
otter, fishing cat,
python, gharial,
swamp francolin,
golden monitor lizard,
Tor sp.

7. Vikramshila Gangetic Dolphin Sanctuary, India
65 km stretch of the Ganga River in Bhagalpur, Bihar; altitude: 55 masl; established in 1991
Tropical and riverine
ecosystems

37 species of plants

Shorea robusta,
Alternanthera sessilis,
Ammania baccifera

4 species of threatened
aquatic wildlife, 198
bird species

Gangetic river dolphin,
gharial, smoothcoated otter, marbled
teal, ferruginous duck,
greater adjutant,
lesser adjutant

Sources: Bhuju et al. (2007); Choudhary et al. (2006); Dey et al. (2014); Zhang et al. (2018)

ANNEXURE 2: GLACIAL LAKE OUTBURST FLOODS RECORDED IN THE KOSHI RIVER BASIN

S. No. Date

Lake

County/district

River/river basin

Reference

In China
1

28.8.1935

Taraco

Nielamu

Poiqu/Sun Koshi

ICIMOD (2011)

2

21.9.1964

Gelhaipco

Dingjie

Pumqu/Arun

ICIMOD (2011)

3

--.7. 1964

Cirenmaco

Nielamu

Poiqu/Sun Koshi

ICIMOD (2011)

4

25.8.1964

Longda

Jielong

Pumqu/Arun

ICIMOD (2011)

5

17.8.1968

Ayaco

Tingri

Pumqu/Arun

ICIMOD (2011)

6

17.8.1969

Ayaco

Tingri

Pumqu/Arun

ICIMOD (2011)

7

18.8.1970

Ayaco

Tingri

Pumqu/Arun

ICIMOD (2011)

8

11.7.1981

Cirenmaco

Nielamu

Poiqu/Sun Koshi

ICIMOD (2011)

9

27.8.1982

Yindapuco

Dingjie

Pumqu/Arun

ICIMOD (2011)

10

1983

Cirenmaco

Nielamu

Poiqu/Sun Koshi

Allen et al. (2019)

11

27.8.1985

Jingco

Dingjie

Pumqu/Arun

ICIMOD (2011)

12

23.5.2002

Jialongco

Nielamu

Poiqu/Sun Koshi

Cheng et al. (2010)

13

29.6.2002

Jialongco

Nielamu

Poiqu/Sun Koshi

Cheng et al. (2010)

14

5.7.2016

Gongbatongshacuo

Nielamu

Poiqu/Sun Koshi

Cook et al. (2018)

In Nepal
15

3.9.1977

Nare

Solukhumbu

Dudh Koshi

ICIMOD (2011)

16

23.6.1980

Nagma Pokhari

Taplejung

Tamor

ICIMOD (2011)

17

4.8.1985

Dig Tsho

Solukhumbu

Dudh Koshi

ICIMOD (2011)

18

21.7.1991

Chubung

Dolakha

Tama Koshi

ICIMOD (2011)

19

3.9.1998

Tam Pokhari

Solukhumbu

Dudh Koshi

ICIMOD (2011)

20

Not known

Barun Khola

Sankhuwasabha

Arun

ICIMOD (2011)

21

Not known

Barun Khola

Sankhuwasabha

Arun

ICIMOD (2011)
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22

Not known

Chokarma Cho

Solukhumbu

Dudh Koshi

ICIMOD (2011)

23

25.5. 2015

Lake close to Lhotse
glacier

Solukhumbu

Dudh Koshi

Rounce et al. (2017)

24

‒.5.2016

‒

Solukhumbu

Dudh Koshi

Rounce et al. (2017)

25

12.6.2016

Lake close to Lhotse
glacier

Solukhumbu

Dudh Koshi

Rounce et al. (2017)

26

20.4. 2017

Langmale

Sankhuwasabha

Arun

Byers (2019)

ANNEXURE 3: POPULATIONS IN THE DISTRICTS AND COUNTIES OF THE KOSHI RIVER BASIN
S.
No.

District/county

Population (’000)

Population (’000)

Population density
(Persons/km2)

Change in
population (%)

2001

2011

2011

2001‒2011

Nepal
Province 1
1

Taplejung

134

127

35

-5

2

Sankhuwasabha

159

158

46

-1

3

Solukhumbu

107

105

32

-2

4

Panchthar

202

191

155

-5

5

Dhankuta

161

158

183

-2

6

Terhathum

113

101

150

-11

7

Bhojpur

203

182

116

-10

8

Okhaldhunga

156

147

138

-6

9

Khotang

231

206

130

-11

10

Udayapur

287

317

154

10

11

Sunsari

406

496

607

22

2,159

2,188

Total (Province 1)

1

Province 2
12

Saptari

570

639

515

12

13

Siraha

572

637

536

11

14

Dhanusa

671

754

640

12

15

Mahottari

553

627

626

13

16

Sarlahi

635

769

768

21

17

Rautahat

469

590

610

26

18

Bara

78

96

578

23

3,548

4,112

Total (Province 2)

16

Province 3

62

19

Dolakha

204

186

85

-9

20

Sindhupalchok

305

287

113

-6

21

Sindhuli

279

296

119

6

22

Ramechhap

212

202

131

-5

23

Kathmandu

1,059

1,709

4,416

61

24

Lalitpur

337

468

1,216

39

25

Bhaktapur

225

172

2,560

-24

26

Kavrepalanchok

385

381

274

-1
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27

Makwanpur

161

420

173

7

Total (Province 3)

3,167

3,873

Country total

8,874

10,173

262

15

1

Muzaffarpur

1,163

1,488

1,506

27.5

2

East Champaran

473

611

1,281

29

3

Sitamarhi

2,680

3,420

1,491

27.5

4

Sheohar

520

660

1,882

27.3

5

Darbangha

3,300

3,920

1,721

19

6

Mabhubani

3,580

4,480

1,279

25.2

7

Samastipur

1,224

1,534

1,465

25.3

8

Begusarai

47

59

1,540

25.8

9

Khagaria

896

1,166

1,115

29.5

10

Bhagalpur

387

486

1,180

25.1

22

India

11

Saharsa

1,510

1,900

1,125

25.8

12

Supaul

1,730

2,230

919

28.6

13

Madhepura

1,530

1,990

1,116

30.7

14

Purnea

838

1,077

1,014

28.7

15

Araria

151

196

992

30

16

Katihar

96

122

1,004

28.2

20,125

25,339

1,275

26

Population,
2010‒2011

Population density,
2008

(’000)

(per km2)

Country total
TAR, China

1

Saga

‒

9

7.3

‒

2

Nyalam

‒

14

2

‒

3

Tingri

‒

45

3.6

‒

4

Gampa

‒

9

2.5

‒

5

Dingjje

‒

18

3.5

‒

95

5.4

‒

35,607

‒

19

Country total
Basin total

‒
28,999

1

Sources: CBS (2001, 2011); GoB (2012); IMHE (2016)
Notes:
1. There are a few districts in the Koshi basin that do not fully lie within its boundaries. For those districts, the population has been estimated
based on the proportion of the geographical area that falls within the basin. Nine districts in Bihar partially lie in the basin. They, with their
area in brackets, are Araria (7%), Begusarai (2%), Bhagalpur (16%), Katihar (4%), East Champaran (12%), Muzaffarpur (31%), Purnia (33%)
Samastipur (36%), and Khagaria (70%). In Nepal, this is the case with six districts ‒ Bara (14%), Makwanpur (41%), Sunsari (65%), Rautahat
(86%), Dhankuta (97%), and Kathmandu (98%). In the TAR, all the five counties are only partially covered in the basin ‒ Saga (19%), Nyalam
(80%), Gampa (87%), Dingjje (88%) and Tingri (89%)
2. The total population for 2001 does not include the TAR due to the unavailability of data
3. ‘‒’ denotes negative population growth
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CHAPTER 3

Key water use
sectors in the
Koshi River basin
This chapter analyses four major
water use sectors in the Koshi River
basin ‒ (i) households (ii) agriculture,
(iii) hydropower, and (iv) ecosystems.
Projections in the demand for water,
keeping in view socioeconomic and
climatic changes, are also discussed.
Nepal, S., Neupane, N., Wagle, N., Gupta, N., Bastola, A., Shrestha,
K., Shrestha, A. B., Sharma, B., Ranabhat, S., Bhatta, L. D., Udas, P. B.
(2022). Key water use sectors in the Koshi River basin. In R. A. Vaidya,
A. B. Shrestha, S. Nepal, & K. Shrestha (Eds). The Koshi River basin:
Insights into biophysical, socioeconomic, and governance challenges
and opportunities. Resource book. ICIMOD.
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KEY MESSAGES

The major water-use sectors
– agriculture, hydropower,
households, and ecosystems – are
under constant pressure from key
drivers such as climate change,
disasters, population growth,
economic growth, and competing
water uses.
The basin has enormous
hydropower potential, but
the existing power generation
capacity is limited.
The drying up and reduced
discharge of natural springs could
have severe consequences for
people’s lives and livelihoods as
it is the major source of water in
mountain areas.
Holistic integrated river basin
management – with a focus on
equitable benefit-sharing, disaster
risk reduction, and resiliencebuilding – is needed to secure the
future of the Koshi River basin
and its dependent communities.

3.1. Introduction
Water resource units are defined as the units
extracted from a resource system, which can then
be consumed or used as an input in production or
exchanged for other goods and services (Ostrom
2009). Examples of water resource units include
irrigation water from rivers and water storage
facilities, regulated flows from dams and wetlands,
and drinking water from springs and reservoirs.
Understanding and estimating the balance between
existing water supply and the demand for it by
different sectors is very important for the planning
and management of water resources.
This chapter describes existing water resource
units and their uses by four major sectors in
the Koshi River basin (KRB): (i) households, (ii)
agriculture, (iii) hydropower, and (iv) ecosystems.
It also discusses projections in the demand for
water, taking into consideration socioeconomic and
climatic changes.
While considering the demand for water among
different sectors, it is important to include water
security concerns in sector-specific needs, and
integrate social, economic, gender, and equity
perspectives. Access to, and control over water
resources vary in the KRB, differentially shaping
the well-being of people. Water needed for basic
survival versus meeting economic, ecosystem, food
production, and recreational needs makes water a
commodity that is not only a biophysical resource
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but a dynamic social resource as well, access to
which can drastically change the well-being of
some in contrast to others (Zwarteveen and Boelen
2014).
In mountain areas in Nepal, patriarchy and feudal
remnants continue to determine access to, and
control over resources, finance, and decisionmaking by women and Dalits, which reinforces
their general marginalization (Sapkota et al. 2016).
A gendered perspective in understanding water
resources and their use indicates that water is often
associated with the traditional roles of women and
men. Women and men perform different roles and
have different responsibilities in relation to water
use. These differing roles and responsibilities
are a consequence of patriarchy, reflect gendered
social relations, are perpetuated through gender
ideologies, and are considered problematic (LahiriDutt 2006).
Because of women’s traditional role as managers of
households, gendered ideologies regarding water
use have long focused on women’s water needs
only within the context of the domestic arena. For
instance, estimations of irrigation water seldom
consider the use of water by women for tending
to small livestock, vegetable harvesting, or even
for washing clothes. Gender relations are also
associated with unequal power, choices, and access
to water and related resources. In this context,
when these unequal gender relations intersect with
caste, class, ethnicity, and other social stratifiers,

women suffer from a double burden ‒ they have
to put in much more labour and time due to less
access to water, for instance having to walk even
longer to procure water, and also face the risk of
sexual harassment, among other threats, while
doing so (Ahmed 2005).
In the KRB, besides domestic uses of water
(drinking, sanitation, hygiene, and livestock),
agriculture is the sector in which water is used the
most widely, especially in the Indo-Gangetic Plain.
The plains area of the basin (known as the Terai
in Nepal and India) uses surface and groundwater
through extensive irrigation canals and pumping
to support agriculture production. In mountainous
areas, the main sources of water are springs.
Hydropower has huge potential in these areas, but
the existing generation is very low in comparison to
its potential.
These major water-use sectors are under constant
pressure from key drivers such as climate change,
natural disasters, rise in population, economic
growth, and competing water uses (Nepal et al.
2019). Due to climatic and other environmental
changes, both the supply of, and the demand for
water are likely to change. The greater demand for
water, in conjunction with global warming, will
exacerbate water stress in many regions of the
basin and will disproportionately affect women
and men. Nevertheless, there is generally little
emphasis on a gendered perspective regarding
water use that seeks to understand the differences
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in the priorities and perceptions between genders
regarding water resources and how it shapes their
involvement in water management.
Water in the KRB is not merely a generous resource,
it can also be a source of risk. For instance, due to
potential water-induced disasters such as floods and
landslides, human settlements located on mountain
slopes are at high risk. The analysis in this chapter
reflects this duality: it discusses the economic
benefits of water infrastructure development to
enhance productivity and the need to reduce waterinduced disaster risks. At the end, it also discusses
water resource systems with respect to integrated
river basin management (IRBM) in the KRB and
highlights the existing knowledge gaps.

3.2. Domestic uses of water
This section highlights the current state of water
supply, its quality, access, and domestic sanitation
in the KRB.

3.2.1. Access to, and quality of water in 		
Nepal
3.2.1.1. ACCESS TO WATER IN NEPAL’S MOUNTAINS

Mountain springs are the major source of water for
hill communities in the middle and high mountain
districts in Nepal. Springs are groundwater
discharge points in the mountains whereby
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40
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Sources: CBS (2012); MoHA (2011)
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Local communities collect water from springs and
use it for varied domestic purposes. The excess
flows from springs are also in some cases collected
in water tanks. Typically, the water is pumped to
a water tank located at a higher elevation, from
where it is distributed, via the use of gravity, to
households, other private users, or to community
taps. Springs are used to supply centralized piped
water systems. The water from small streams is
also used for irrigation in downstream areas.
Drinking water supply systems that rely on gravity
often face problems regarding water availability
during the dry season. Additionally, not all people
get access to safe drinking water all year round.
Figure 19 shows drinking water access of district
populations in the Nepali part of the KRB. In nearly
half the districts, the access to water is higher than
80%. However, households in mountain districts
generally have lower access to water than those in
the Terai. The lowest access to water, merely 57% of
the households, is in Bhojpur district.
As a large proportion of those living in the
mountains rely on springs as their primary
source of water, the increased incidence of the
drying of springs has led to severe water scarcities
and poses a significant environmental threat

SHARE OF HOUSEHOLD ACCESS TO DRINKING WATER IN KRB DISTRICTS IN NEPAL (%)
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FIGURE 19

the water-bearing layer (the aquifer) intersects
with the surface and the water seeps out of rock
pores, fissures, fractures, or depressions. Springs
constitute a very important component of the
hydrological cycle as well.
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(Scott et al. 2019). Water sources that were once
perennial have become seasonal (Poudel and
Duex 2017). There is a growing concern regarding
the shortage of drinking water during the dry
season (Merz et al. 2003). Other factors have
contributed to this decline. The villagers living in
four study sites in Dhankuta district (Bhedetar,
Danda Bazaar, Maunabudhuk, and Rajarani) and
three in Sankhuwasabha (Madi, Rambeni, and
Tamaphok) reported reduced rainfall and more
regular droughts than in the past. They also gave
other reasons for the water shortages ‒ the loss of
traditional ponds due to encroachments by and the
negligence of people (canal irrigation has grown
more popular), land use and land cover changes
(LULCC), and recent road construction as having
damaged underground flows and pathways of
natural springs (Dixit et al. 2009).

distances in search of drinking water sources.
The drying up of water sources, discussed above,
has increased their drudgery. The average time
spent each day by women in the KRB in fetching
water and fuelwood is 4.2 hours, much higher than
men (1.5 hours) (Khadka et al. 2015). The larger
the family, the more significant is their water
requirement, which means an increased number
of trips for women, or their having to carry heavier
loads (Upadhyay 2005).
Their situation has worsened with the increasingly
adverse impacts of climate change on water
resources, which, again, affects women and men
disproportionately. The drying of water sources and
other effects of environmental change has meant
that women are more likely to travel even further
to collect water and fuelwood, which also has
implications for women’s health, girls’ education,
and participation in income-generating activities.
With increased water scarcity in the KRB, nonDalit men who control decision-making would be
more interested in using the available water for
irrigation than for drinking (Khadka et al. 2015).
The increased outmigration of male members
of households at the basin scale has also further
increased the pressure on women to ensure the
availability of water for domestic uses and for
irrigation (Udas 2014).

The lack of water became particularly grave
in Ramechhap district some years back. It
was declared a drought-hit area by the District
Agriculture Coordination Committee in 2010
(Shrestha et al. 2015). Eighteen of its 55 village
development committees (VDCs) were droughtaffected. Although three major rivers of the Koshi
River system ‒ Sunkoshi, Tama Koshi, and Likhu
‒ flow through the district, a very large number of
people have been facing water scarcity for drinking
and irrigation due to a severe drought. Drinking
water sources declined by 60% (some dried up
fully and some partially) compared to a decade
previously. This has led to increased seasonal
migration, and in some cases permanent migration
as well. With several spring sources and taps drying
up, the only option left for the people is to migrate.

3.2.1.2. ISSUES OF WATER QUALITY AND HEALTH IN 		
NEPAL

The Nepal Living Standard Survey (NLSS) of 2011
made available data regarding perceptions of the
quality of drinking water on a three-point scale
(good, fair, and bad) at the national level. It pointed
to a significant reduction in the quality of drinking
water (Table 12). In little less than a decade, the
proportion of respondents who felt the quality
of drinking water was good fell from 24.9% in
2003‒2004 to 20.4% in 2010‒2011, and those who
felt it was bad increased from 22.7% in 2003‒2004
to 24.4% in 2010‒2011. The share of those who felt
its quality was fair rose slightly, from 52.4% in
2003‒2004 to 55.1% in 2010‒2011.

An example of a good adaptation response to this
water scarcity is in Kavrepalanchok district, where
the municipal authorities have made it mandatory
to install a rainwater harvesting system along with
one plastic pond in any new house being built (JVS
and GWP 2017).
Traditionally, men are less involved in fetching
water and in household work. In Nepal, collecting
water is considered the woman’s primary
responsibility. Women often have to travel long
TABLE 12

PERCEPTIONS OF RESPONDENTS REGARDING DRINKING WATER QUALITY IN NEPAL

Description

NLSS
2003‒04

NLSS
2010‒11

NLSS
2003‒04

NLSS
2010‒11

NLSS
2003‒04

NLSS
2010‒11

Perception of respondents
regarding drinking water
quality (%)

Good

Good

Fair

Fair

Bad

Bad

24.9

20.4

52.4

55.1

22.7

24.4

Source: CBS (2004, 2011)
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The data suggests that despite an increase in those
who feel the water quality is fair, overall, people’s
perception is that the quality of water in Nepal has
fallen.

sources. In Nepal’s 27 districts located in the basin,
less than a quarter of the population have access to
tap/piped water sources. In the Terai, this share is
very low, below 6%. A large number of households
access tube wells and handpumps in the Terai
region of the KRB (Figure 20, below). About 80%
of the households here use shallow wells and tube
wells as a drinking water source (MoWSS 2016;
Sarwar and Mason 2017). Groundwater meets more
than 90% of the water demand (ADB and ICIMOD
2006), with about 800,000 shallow tube wells used
to access drinking water in Nepal’s Terai region
(Kansakar 2005).

Given a context in which 90% of the people in the
Terai depend on groundwater, other socioeconomic
and environmental factors (such as land use
and climate change) are likely to have adverse
impacts on drinking water and people’s health.
In downstream plains areas, groundwater is an
important source of water for drinking where piped
water has not yet reached. Figure 20 shows the
percentage of the population with tap/piped water

SHARE OF THE POPULATION WITH TAP/PIPED WATER SOURCES IN THE KRB IN NEPAL (ABOVE); NUMBER OF TUBEWELLS
AND HANDPUMPS IN VARIOUS DISTRICTS (BELOW)

FIGURE 20
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That the majority of the population has to access
drinking water from shallow tube wells has a
crucial bearing on people’s health. The water
is not potable in many cases. The presence of
natural pollutants in the groundwater of the
Terai region is widespread and common, among
which arsenic is the major concern (MoWSS
2016). Arsenic poisoning occurs through people’s
daily water intake, dietary sources, and the food
chain in general (Maskara and Fanaian 2017).
For instance, arsenic accumulates in paddy via
contaminated groundwater used for irrigation
(Brammer and Ravenscroft 2009). Chakraborti et
al. (2018) reported arsenic contamination in the
Ganga River basin, which includes parts of India
and Nepal. The Department of Water Supply and
Sewerage (DWSS), Government of Nepal, reported
high concentrations of arsenic in groundwater
from the active floodplains of the Koshi River.
Some years back, it had been estimated that around
0.5 million people in seven districts of the Terai
in Nepal were exposed to arsenic contamination
(Shrestha et al. 2003). Locations in Sunsari, Saptari,
Siraha, Dhanusha, Sarlahi, Rautahat, and Bara
districts in the KRB are reported to have arsenic
concentrations greater than the WHO standard of
10 micrograms per litre (µg/L), in some cases even
higher than the Nepali standard of 50 µg/L (Thakur
et al. 2011). Concentrations as high as 170 µg/L
have been observed in Rautahat and Bara districts
(Chakraborti et al. 2018).
In urban areas such as Kathmandu, the
groundwater is contaminated by the presence of
iron and coliform bacteria, and has a high turbidity
(Pant 2011). In addition, ammonia, nitrate, and
pesticide residues negatively impact the quality of
water in the Kathmandu Valley.
In Nepal, 71% of the households are at risk of
diarrhoeal infections from Escherichia coli (E. coli)
bacterial contamination at the source (UNICEF
2017). The increased chemical and bacterial
contamination of drinking water has a pronounced
negative impact on people’s health. The health
effects of long-term exposure include vomiting,
diarrhoea, skin damage, cancer, and heart
disease. The coexistence of iron and biological
contamination with arsenic is likely to increase
the severity of arsenicosis. Waterborne diseases
caused by pathogens can lead to malnutrition and
low immunity levels. This can further aggravate the
harmful effects of arsenic on one’s body.
The mitigation of arsenic contamination has begun
to focus on diets and nutrition (Singh, Parihar et al.

2015), but there is little emphasis as yet on the
gendered aspects of water quality, health effects,
and their social impacts (Sultana 2006).
The experience of cases in West Bengal, India
and Bangladesh offers lessons for the KRB. In
those places, people suffering from arsenicosis
are often ostracized and ridiculed, as there is little
awareness of the disease and no early symptoms
or signs of toxicity. Women and girls suffer silently
from social stigmatization, which adversely affects
their livelihoods, earning abilities, and pursuit of
education, and which in turn further lowers their
economic status (Mazumder et al. 2010; Sultana
2006). Women bear the brunt of environmental
degradation that gets further perpetuated through
patriarchal norms and values that determine
gender differentials in the KRB.
The poor are more likely to get arsenicosis in the
first place because they are unable to install water
purifiers or to access safe sources of water. They are
also likely to suffer its effects more severely because
of their diminished ability to pay for treatment,
loss of earnings while ill, or even distress sale of
assets to pay for the treatment. Among women, it is
the poor women, with less access to resources and
a diminished voice in society, who are more likely
to suffer more gravely from the disease burden
(Sultana 2006).
There is little information or research to
understand the gendered nuances relating to
arsenic in the KRB. It is important to highlight
how the arsenic crisis in the Terai belt of India and
Nepal plays out and recognize the interconnected
social, economic, cultural, and political dynamics.
One should also pay attention to children, who
consume arsenic in their drinking water at school
or at home, and get stigmatized at school and even
deprived of their access to education. Interrogating
the sociocultural practices in the Terai of
preference for a male child and the prioritization of
boys’ education over girls’, and understanding the
gendered differentials in educational attainments
among children will contribute to the broader
discourse on water and poverty (Bosch et al. 2003).
It is also important that informal platforms such as
Jal Choupal, endorsed by the Government of Bihar
and created for engagement with, and dialogue
on issues of water quality, be promoted across
borders to increase awareness of arsenic poisoning,
reduce the associated stigma, and enable adequate
mitigation measures (Maskara and Fanaian 2017).
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of services. The definition of sanitation specifies the
types of sanitation that are acceptable, the ideal
number of people who would share a sanitation facility,
and arrangements for the safe disposal of excreta. The
definition of hygiene specifies standards for handwashing and facilities for the management of menstrual
hygiene (UN-Water 2014).

BOX 1
THE ELEMENTS OF WASH
Water, sanitation, and hygiene (WASH) services and
rights include access to clean water for drinking,
bathing, washing, and cleaning; toilets with basic
sewage and drainage systems and waste disposal; and
access to clean and safe toilets at home, in schools, and
in public spaces (SOPPECOM 2015).

WASH constitutes the core of the global sustainable
development goals (SDGs). SDG target 6.1 envisages
universal and equitable access to safe and affordable
drinking water for all by 2030. SDG target 6.2 proposes
adequate sanitation and hygiene for all by 2030, with
special attention to the needs of women, girls, and
those in vulnerable situations.

To support the effective monitoring of future WASH
targets, detailed definitions and indicators have been
developed that specify the maximum time that should
be spent in collecting water, the minimum quality of
water accessed or provided, and the safe management

The sanitation coverage in Nepal is 96% (GoN 2018).
In most of the hill districts of the KRB, more than
40% of the population has access to sanitation. In
districts of the Terai, on average, less than 20% of
the population has sanitation facilities (Figure 21).
About 3.5 million people defecate in the open in
Nepal, of which about 2 million (or about 60%) are
from these seven Terai districts of the KRB (Figure
22) (UNICEF 2017).

3.2.1.3. ACCESS TO SANITATION IN NEPAL’S KRB

The sanitation sector in Nepal is primarily guided
by the Sanitation and Hygiene Master Plan (GoN
2011). All interventions in sanitation are based
on the principle of a local body leading a total
sanitation movement with open defecation-free
(ODF) as the basic norm and benchmark.

FIGURE 21

SHARE OF POPULATION WITH ACCESS TO SANITATION IN THE KRB IN NEPAL
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There are stark differences in the provision of
sanitation services among districts of the Terai.
Some districts such as Rautahat, Bara, Saptari, and
Siraha have doubled their coverage of sanitation
services over 2014‒2016, whereas others such as
Dhanusha, Sarlahi, and Bara are still struggling
to achieve their sanitation goals (Figure 22).
These districts are considered to be the most
challenging in meeting sanitation goals due to
strong sociocultural norms and inequitable gender
relations (GoN 2018).

policy and practice in addressing the needs of the
poor and socially excluded communities (UNICEF
2015). Some of the shortfalls in sanitation services
are primarily related to existing social norms, and
patriarchal practices followed in the Terai. Such
– as was mentioned in the previous chapter – the
daughter-in-law of a household not being allowed
to use the same toilet as her father-in-law, adding
to the burden of building additional toilets, or her
having to defecate in the open with all its attendant
risks (UNICEF 2017).

Though, as has been stated, being open defecationfree is often the norm, there is a gap between

FIGURE 22

EXTENT OF SANITATION COVERAGE IN NEPAL’S TERAI DISTRICTS
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3.2.2. Domestic water uses in Bihar
In Bihar’s portion of the KRB, households depend
on groundwater for their domestic needs.
Groundwater supplies more than 80% of the
drinking water and the water for irrigation. The
availability of water is not a critical issue as the
water table is relatively high in Bihar (Mishra 2009).
Districts in the downstream plains in the basin in
general have greater access to water than those
located in Nepal. Handpumps are commonly used
in Bihar, India Mark III and other shallow-well
handpumps. About 80% of the basin’s population
is covered by handpumps and borewells, whereas

16% tap other sources (MoJS n.d.). Only 4% of rural
households in Bihar get their daily supply through
the year via piped water at home or from public
taps, both for drinking and other household uses
(MoHA 2011). Of the total number of handpumps in
Bihar, 31% are no longer functional.
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FIGURE 23

SHARE OF POPULATION WITH DRINKING WATER ACCESS IN BIHAR’S KRB DISTRICTS
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3.2.2.1. WATER CONTAMINATION IN BIHAR

Providing safe drinking water to its citizens is the
mandate of the Government of Bihar. Of the total
number of settlements (107,642), the populations
in 20,248 settlements are partially covered and
in 87,394 are fully covered. Nonetheless, it is
important to note that the water in as many as
14,580 habitations is contaminated, by iron (10,877),
fluoride (2,698), and arsenic (1,004) (MoJS n.d.).
Water-borne illnesses are a leading cause of death
in Bihar. Several factors lead to the contamination
of water by bacteria and viruses, such as improper
usage and waste disposal, and siltation. Of the
38,000 villages in Bihar, less than half have access
to clean water (MoDWS 2015). About 66% of the
households have no bathing facilities, and 82% don’t
have latrines at home (MoHA 2011). Rural sanitation
coverage is merely 14% (Mishra 2009).
Other studies too have shown that drinking water
sources in most districts in Bihar contain excessive
iron, fluoride, arsenic, and faecal contamination
(Mishra 2009; Shrestha et al. 2003). Drinking water
becomes unsafe due to faecal contamination during
the monsoon, which can cause diarrhoea and
dysentery.
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The water in 22 of the 38 districts in Bihar have
arsenic concentrations above WHO standards, and
15 districts with a total population of more than
10 million are exposed to concentrations above 50
µg/L (Chakraborti et al. 2018). Patna, Vaishali, and
Bhagalpur districts have several hotspots of arsenic
contamination (Ghosh et al. 2007). Twenty districts
are affected by iron contamination higher than 1
mg/L. Nine districts of the basin’s southern belt
are affected by fluoride contamination higher than
1.5mg/L.
3.2.2.2. POVERTY, GENDER, AND THE LACK OF WASH 		
IN THE KRB

The intersectionality of the social stratifiers creates
adverse conditions for women who are poor,
rural, displaced, single, elderly, and physically
and mentally disabled, and pushes them further
into poverty, ill-health, and deprivation. These
deprivations around water and hygiene particularly
impact the poor, women, and marginalized
communities in multiple ways (Table 13).

TABLE 13

LINKAGES BETWEEN POVERTY, THE LACK OF WATER, SANITATION, AND HYGIENE, AND ITS VARIED EFFECTS

Dimensions affected

Key effects

Health

Water- and sanitation-related illnesses
Stunting from malnutrition due to diarrhoea
Reduced life expectancy

Education

Reduced school attendance by children, especially girls, resulting from ill health or
the burden of fetching water

Gender and social inclusion

Burdens borne disproportionately by women, limiting their entry into the cash
economy

Income/consumption

High proportion of the household budget used on water
The loss of potential income due to poor health, or the time spent collecting water

Source: Bosch et al. (2003, p. 373)

There is hence an urgent need to enhance
livelihoods, advance gender integration, and
improve water management. This could be done
through the following measures:
• Enhance the capacities of rural women and
men, and other local stakeholders in water
management, through access to information,
knowledge, gender-friendly technologies, and
improved water infrastructure;
• Encourage the participation of women
in decision-making regarding water and
natural resource management. There is a low
representation of women in water user groups
despite the fact that women have increased
responsibilities in managing water for household
and agricultural use;
• Recognize women’s fundamental right to
improved sanitation and hygiene, and their
participation in decision-making regarding clean
water supply, water infrastructure, and facilities
for improved hygiene;
• Strengthen farmer-managed irrigation systems
(FMIS), a viable option for improving livelihoods
and implementing climate change adaptation
measures in the KRB. Women’s participation
should be enhanced in decision-making
processes related to FMIS;
• Implement gender-inclusive water user master
plans (WUMP) and multiple water-use systems
(MWUS), key instruments in promoting
livelihoods through local planning and
implementation; and

3.2.3. Urban water supply
Managing water supply for urban areas is a big
challenge in the KRB, which hosts major cities
including Kathmandu, and a few cities in Bihar.
The Kathmandu Valley is facing acute drinking
water shortages (Box 2). The current demand for
water is being met only partially by public water
supply systems, mainly using water from the
Bagmati River. In many cases, households and
industry depend on groundwater resources. The
forecast suggests an increasing demand, mainly
due to a burgeoning population, and socioeconomic
development. Domestic water demand in the
Kathmandu Valley is expected to increase from
183 million litres per day (MLD) in 2001 to 482 MLD
by 2021, based on the Bureau of Indian Standards
(BIS) (Udmale et al. 2016) (Figure 24). Its population
is estimated to more than double during this
period. Water diverted from the Melamchi River
30 kilometres (km) northeast of Kathmandu Valley
will ease the pressure for a few years, but additional
resources will be required in the future.
Rapid urbanization and the growing demand
for water for various uses will place additional
pressure on the groundwater resources of the
Kathmandu Valley. It is likely that this demand
will be met through private dug wells, tube
wells, water tankers, stone spouts, and waterbottling industries. Given that groundwater in
the Kathmandu Valley contains iron and coliform
bacteria, and is highly turbid, proper guidelines for
groundwater use are warranted (Pant 2011).

• Strengthen collective farming and riverbed
farming as options for women and marginal
farmers.
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GROWING POPULATION AND WATER DEMAND IN THE KATHMANDU VALLEY, 2001‒2021
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Unlike land, in which private ownership is
common, water is considered a common pool
resource in Nepal, and the state owns it fully. There
are no private rights to water in Nepal; in practice,
they go together with the right to, or ownership of
land. In water-scarce areas of Dhankuta, Sindhuli,
and Sindhupalchok districts, there are a few cases
of farmers having sold spring water located on their
private land to the community for common use.
Various formal and informal institutions exist at
the local level for the management and use of water
resources. There is a legal pluralism regarding
water resources due to the existence of multiple
institutions with overlapping roles. There have
been various issues and conflicts over water in
the past, for instance, conflicts over drinking
water in Kavrepalanchok district. In the absence
of well-defined property rights and overlapping
institutional roles, the allocation and use of water
resources will only get more complicated in the
future. Policy and institutional issues pertaining to
water resource management are discussed in more
detail in the next chapter of this resource book, on
water governance.
In Bihar, the government-owned Bihar Urban
Infrastructure Development Corporation Ltd
(BUIDCO) is mandated to execute and accelerate
urban infrastructure projects in the state. These
infrastructure projects also focus on 24x7 water
supply projects. In addition, the Mukhyamantri
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Shahri Peyjal Nishchay Yojana was launched in
September 2016 and is being implemented by the
Department of Urban Development & Housing.
Under this scheme, all the 15,71,643 households in
3,381 urban wards of 143 urban local bodies who
are yet to receive piped drinking water will be
supplied clean drinking water in the next five years.
In 2018‒2019, work was under progress in 2,398
urban wards. It has been completed in 354 wards,
and little over 0.3 million households have been
provided with safe drinking water facilities, as of
now.

BOX 2
WATER SUPPLY CHALLENGES IN KATHMANDU
VALLEY
Kathmandu Valley, which comprises Kathmandu,
Lalitpur, and Bhaktapur districts, has witnessed rapid
socioeconomic development in the past few decades.
Its population has increased from 0.41 million in 1952
to 3.2 million in 2015. The unplanned urbanization of
the valley – the spread of housing, infrastructure, and
transportation ‒ has contributed to an acute shortage
of drinking water. Despite the expansion in the water
supply network, it has not been able to keep pace with
the growth in the demand for water.
The demand for water has increased steadily over the
last three decades ‒ 35.1 million litres per day (MLD) in
1988, 155 MLD in 2000, 320 MLD in 2009, and 370 MLD in
2015 (Thapa et al. 2016). However, only 144 MLD (or 39%)
is supplied during the wet season and merely 86 MLD
(23%) during the dry season. Currently, about 2.3 million
people are provided water by Kathmandu Upatyaka
Khanepani Ltd (KUKL) (MoUD and JICA 2016).
The deficit is met through the use of shallow and
deep wells, traditional water spouts, groundwater
extraction by households, water vendors (who operate
over 450 tankers), and bottled/jar water (Thapa et al.
2016; Udmale et al. 2016). The continuous groundwater
extraction easily exceeds the natural recharge (Gautam
and Prajapati 2014), indeed is 20 times the recharge rate
(Cresswell et al. 2001). This has resulted in declining
groundwater levels ‒ the water levels in many wells
have fallen, and stone spouts and wells have gone dry in

3.2.4. Impacts of environmental and 		
socioeconomic changes on drinking
water supply
3.2.4.1. DRYING SPRINGS IN THE MID-HILLS

There are many examples of springs drying or
yielding less water across the Himalayan region
(Scott et al. 2019; Valdiya and Bartarya 1989).
About 70% of the springs in western Nepal have
a decreasing discharge trend; the reduction in
discharge over the last decade has been significant
(Adhikari et al. 2020). Drying springs could
have severe consequences for people’s lives and
livelihoods, as a case study in Kavrepalanchok
district, a middle hill catchment in the western
Koshi basin underlined. This action research,
carried out by the Nepal Water Conservation
Foundation (NWCF) and ICIMOD, showed that
a combination of biophysical, technical, and
socioeconomic factors was responsible (Sharma
et al. 2016). The unregulated use of relatively new
technologies such as the use of electric motors

some places (Pandey et al. 2010, 2012). It is also estimated
that the deficit in supply will increase further to 322
MLD by 2021 (Udmale et al. 2016), and with increasing
run-off, groundwater recharge will also decrease (Thapa
et al. 2017). The current unplanned, haphazard, and
unregulated groundwater extraction poses a serious
threat to the sustainability of groundwater in the valley.
Groundwater reserves in the valley are projected to be
used up by the end of this century (Cresswell et al. 2001).
The prime groundwater recharge area, located in the
northern part of the valley, also happens to be the
area that is urbanizing the fastest. This impacts the
groundwater recharge capacity in two ways: first, the
urban growth leads to the paving of surfaces which
prevents natural recharge. Second, the local demand
for water has increased, resulting in the accelerated
over-exploitation of groundwater resources. Given this
context, the challenge lies in regulating groundwater
extraction, protecting the recharge areas, and providing
suitable alternative water sources (Koirala et al. n.d.).
To cope with the increasing demand, the Government
of Nepal initiated the Melamchi Water Supply Project
in 2001 under which water is to be transported from
the neighbouring Melamchi catchment of the KRB in
Sindhupalchok district. The first phase of the project,
Melamchi‒1, is currently under implementation, and will
supply 170 MLD to the Kathmandu Valley. During the
second phase, a further 170 MLD will be diverted from
the Yangri and Larke rivers (MWSDB n.d.). The project
will guarantee the water security and enhance the wellbeing of 180,000 households in the region once it gets
completed (Poudyal 2019).

and piped water supply is contributing to the
disparity between supply and demand. The lack of
regulatory arrangements for the conservation and
management of these traditional water sources is
also a factor.
Deforestation and LULCC are also responsible
for drying springs. Species that extract high soil
moisture through transpiration and cause less
infiltration can also contribute to lower spring
discharge. Local residents in the mid-hills of Nepal
have long believed that it was the introduction of
pine species in the upper reaches (the recharge
areas) that led to the drying of springs in many
cases. Haphazard road construction in the midhills has also disturbed the underground spring
network, and caused springs to dry up. Deep boring
practices for various reasons in mountain areas
can also affect existing spring flows. The lack of
conservation of local water resources does not help
the situation.
Reviving springs can help ameliorate the increasing
water scarcity in the mountainous areas of the

THE KOSHI RIVER BASIN RESOURCE BOOK

77

basin. The spring revival protocol developed by
ICIMOD, based on hydrogeology, could be useful
in this regard, and is discussed in chapter 5,
subsection 5.2 (see Figure 33).

in the KRB. The situation of irregular and reduced
water supply and increasing demand is expected to
worsen everywhere due to the impacts of climate
change.

In many cases, urban settlements and cities
located downstream are supplied by spring water
collected in storage tanks and connected to urban
drinking water systems. Hence, the sources are
located in watersheds upstream, beyond the urban
territory whose residents benefit. Cooperation
between upstream and downstream communities
can enable both parties to benefit by meeting the
demand through supply.

A growing population implies mounting demand
and competition for water for domestic, industrial,
and municipal uses. It constrains the volume of
water available per person. It drives the more
water-deprived into regions that are already waterstressed, increasing the competition for water even
further (PAI 2011).

The Dharan municipality, in Sunsari district
of Province 1, is a good example. Dharan’s
water supply system accesses water from the
Shardukhola watershed upstream. With support
from the Koshi basin programme, the Dharan
municipality provides financial support for
watershed conservation through the establishment
of a conservation fund. It is incentivizing upstream
communities to implement measures such as
reduced livestock grazing, no open defecation, and
adopting appropriate agricultural practices in order
to improve the quality of drinking water supplied to
downstream areas (Rai et al. 2018). The watershed
management committee has been leading the
implementation of conservation activities through
the conservation fund (Khanal and Paudel 2012).
Such upstream‒downstream linkages regarding
drinking water use between conservation groups
upstream and beneficiaries downstream could be
implemented in many places in the mountains as
well as the plains and would contribute to better
watershed management through benefit-sharing.
3.2.4.2. GROWING IMBALANCES BETWEEN WATER 		
SUPPLY AND DEMAND

A multi-country analysis of water security by the
Asian Development Bank (ADB) showed that South
Asia had the lowest overall water security indices in
the Asia‒Pacific region in 2014. Nepal was ranked
forty-third out of 48 countries surveyed and fourth
among six countries in South Asia, with a national
water security (NWS) index of 2 out of 5. Out of a
maximum score of 20 in five key dimensions of
water security, Nepal got merely 5.3 for households,
11.3 for the economy, 6.0 for urban areas, 10.7 for
the environment, and 4.0 for resilience (ADB 2016),
scores that reflected water insecurity in all facets.
A rising population and socioeconomic factors
such as migration, urbanization, LULCC, and
modernizing lifestyles and changing water uses are
the main causes of the growing demand for water
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The population in Bihar has been rising at the
rate of about 0.5 million a year, going by the data
for 2014‒2018. It is hence estimated that Bihar’s
population in 2019 would be about 110 million
(MoHA 2011). Nepal’s total population was
26,494,504 in 2011 with an annual growth rate of
1.35% (CBS 2012). In the KRB as well, domestic
water scarcity is high and its growing population
can contribute to further socioeconomic stress.
Hence, policy makers need to incorporate
water storage options while formulating river
basin management plans to supply water to its
burgeoning population. To achieve water security
and enhance economic development, investment
in water infrastructure and institutions is crucial
(ADB 2016).
3.2.4.3. WATER DEMAND FORECAST FOR THE KRB

Nepal has 225 billion cubic metres of water
available annually; however, only a small part of
it, an estimated 15 billion cubic metres, is utilized
for economic and social purposes each year
(WECS 2005). As with other basins in the region,
seasonality and variability in the availability of
water is an important issue in the KRB even though
the Koshi River has an abundance of water (it
averages 1,564 m3/s at the major outlet, the Chatara
station in Nepal) (Chinnasamy et al. 2015).
Surplus water during the monsoon causes periodic
flooding in Nepal’s Terai region and in Bihar,
whereas there is a shortage of water during the
pre-monsoon and post-monsoon seasons (Bharati
et al. 2014; Reddy et al. 2008). The unmet water
demand for the Koshi basin as a whole under
a baseline scenario has been calculated as 660
million cubic metres (MCM) (Table 14). Future
projections keeping in view the rise in population,
agricultural demand, and industrial growth for the
basin suggest that unmet demand in each of these
sectors in 2050 will be 920, 970, and 1,003 MCM,
respectively (Table 15) (Chinnasamy et al. 2015).
However, the water resources of the Koshi basin are

largely untapped. The same study found that 29,733
GWh of hydropower could be generated annually
and 8,382 MCM of water could be stored, which

TABLE 14

could easily satisfy the projected unmet demand in
2050 (Chinnasamy et al. 2015).

WATER DEMAND IN THE KOSHI BASIN, NEPAL IN KEY SECTORS UNDER A BASELINE SCENARIO (MCM)

Winter

Pre-monsoon

Monsoon

Post-monsoon

Annual

River flows (m3/s)

39

166

699

144

262

Domestic demand

386

395

524

262

1,567

1,890

6,608

13,489

2,009

23,996

105

107

142

71

425

2,381

7,110

14,155

2,342

25,988

273

370

0

17

660

Agricultural demand
Industrial demand
Total demand
Unmet demand

Source: Chinnasamy et al. (2015)
Notes: 1. Baseline scenario: Current water use was calculated from supply and demand estimates from the census data for 2000. 2. The annual river
flow is an average for the year

TABLE 15

SEASONAL VARIATION IN WATER DEMAND AND UNMET DEMAND BASED ON DIFFERENT SCENARIOS FOR
THE KOSHI BASIN (MCM)

Water demand

Winter

Pre-monsoon

Monsoon

Post-monsoon

Annual

2,381

7,110

14,155

2,342

25,988

273

370

0

17

660

2,727

9,356

15,521

2,576

30,180

Unmet demand

337

555

0

27

920

Change in unmet
demand (%)

23

50

0

60

39

2,406

8,795

15,215

2,506

28,922

Unmet demand

370

543

0

58

970

Change in unmet
demand (%)

36

47

0

241

47

2,788

9,419

15,604

2,618

30,429

Unmet demand

386

575

7

35

1,003

Change in unmet
demand (%)

41

55

0

106

52

Scenario 1: Baseline
Demand
Unmet demand
Scenario 2: Population growth
Demand

Scenario 3: Agricultural growth
Demand

Scenario 4: Industrial growth
Demand

Source: Chinnasamy et al. (2015)
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3.2.5. Water used by livestock
The livestock sector is a major water user in the
KRB. Livestock constitutes the largest non-land
asset owned by rural households (Njuki et al.
2013). The Koshi basin in Nepal has 2.51 million
heads of cattle, of which 0.35 million are milking
cows. There are 1.74 million buffaloes, of which
0.5 million are milking buffaloes. It has 3.8 million
goats, 0.14 million sheep, 0.6 million pigs, 19
million poultry, and 0.13 million ducks (authors’
calculations, based on MoAD [2012] data). About
600,000 tonnes of milk is produced in Nepal
annually, two-thirds of it buffalo milk, one-third
cow milk. Meat production is 110,000 tonnes
(authors’ calculations based on MoAD [2012]). On
average, a milking cow produces 487 litres/year (l/
yr, per lactation) and a milking buffalo 884 l/yr.
Bihar’s livestock population is about 41 million, of
which 12.4 million are cows, 6.6 million buffaloes,
10.1 million goats (popularly known as the poor
person’s cow), and 11.4 million comprise poultry
(GoB 2012). Unlike in the Nepali part of the KRB,
an insignificant number of farmers rear sheep and
pigs in Bihar. Bihar’s part of the basin has 3 million
buffaloes. This part of the KRB has 5.4 million
goats, almost half the total goat population of Bihar.
Owning poultry is also popular here. Bihar’s Koshi
basin districts have 5.4 million poultry.
The water needed to raise livestock, and embodied
in livestock products, is considerable, and far more
than most people realize. Meeting this requirement
can be really challenging, especially during the
dry season. The amount of water required depends
on a number of factors, including body weight,
physiological state (whether pregnant or lactating,
etc.), diet, type of accommodation, frequency
with which water is provided, and environmental
conditions and stress (Schlink et al. 2010). Table
16 shows the volume of virtual water embodied in
select livestock products from a global perspective.
As a consequence, the availability of water can be a
determining factor in the type of livestock farmers
choose. A water-stressed situation could lead to
them switching the type of livestock from one that
needs more water to less, mainly opting for a smallto-medium sized animal (say a goat) over a bigger
one (such as a buffalo). There are examples from
the hill districts of the basin in which people have
sold their livestock during acute droughts. A study
from Ramechhap district suggests that continuous
droughts have resulted in a decline in the number
of livestock as compared to a decade previously.
During the drought period, between 4‒10 goats
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TABLE 16

AVERAGE EMBODIED WATER CONTENT
OF SELECT LIVESTOCK PRODUCTS IN A
DEVELOPED COUNTRY CONTEXT

Livestock product

Average embodied water
content (litres/kg)

Beef

15,497

Pork

4,856

Goat meat

4,043

Sheep meat

6,143

Chicken meat

3,918

Eggs

3,340

Milk

990

Source: Schlink et al. (2010)

died in each household, on average. There was a
loss of about NPR 4,900,000 per VDC in the district
(Shrestha et al. 2015).
Women and men have different roles and
responsibilities in managing livestock (Devkota
et al. 2015). Although these differ among
socioeconomic groups, women across ethnic and
caste groups have the primary responsibility for
livestock care and management that includes
collecting and preparing the feed for animals,
the feeding itself, and bathing and milking them
(Njuki et al. 2013). Women need water to fulfil these
responsibilities (Devkota et al. 2015). But, as has
been stated previously, women’s access to, and
control over water resources is highly unequal, and
mediated by a number of factors – caste, ethnicity,
location, age, marital status, and physical abilities,
among other social stratifiers (Thomas-Slayter and
Bhatt 1994). Poor women engaging in livelihood
activity remain highly vulnerable to any change in
water availability and ecosystem services.
Irrigation water can be used for rearing livestock,
fishing, and other livelihood opportunities.
However, water for livestock is perceived as being
within the domestic arena. Including livestock
needs in the volume of irrigation water supplied
would save men and women in particular the extra
hours walking to fetch water (De Haan et al. 2014).
Little emphasis is paid to understanding water and
livestock from a gendered perspective. Although
water and livestock enhance livelihood strategies,
reduce vulnerability, increase well-being, and
improve food security, this intersectionality from
a gendered lens is often missing in research and
policy formulations. The relationships between
them are viewed sectorally, such as livestock and

water (usually from an agricultural perspective),
gender and livestock, or water and gender (ThomasSlayter and Bhatt 1994; Gurung et al. 2005; Paudel et
al. 2009; Njuki et al. 2013; De Haan et al. 2014). The
integration of gender, water, and livestock has been
understudied and needs further investigation.

Knowledge gaps
•

There is a basic lack of information about
domestic water uses and sanitation across the
basin, especially in its northern part

•

A robust inventory of mountain springs is
lacking

•

There is little information about groundwater
resources, especially in the mountainous areas
of the Koshi basin

•

A regional assessment regarding access to
quality drinking water is lacking

•

Public handpumps suffer from a lack of
maintenance and regular checks, and nearly
a third are dysfunctional. Privately-owned
shallow pumps meet the growing water
demand, but these are not monitored or
checked before being installed. This increases
the risk of groundwater contamination
affecting the public

KEY MESSAGES

Drying springs across the
mountains pose a serious threat
to local communities in the Koshi
basin.
People in the plains utilize
groundwater for drinking, but
the quality of water is highly
uneven. Large numbers of people
suffer from arsenic and fluoride
contamination.
The lack of access to drinking
water and the poor quality of
the water has increased the
vulnerabilities of people living
in the basin. In particular, it has
increased the work burden of
women and girls, and accentuated
the health risks of an already poor
and marginalized population.
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3.3. Water use in agriculture in the
Koshi River basin
The water availability of the Koshi is 48 billion
cubic metres (BCM) per annum, and 14% of it
is used for agriculture, municipal uses, and by
industry; the rest is untapped (Bharati et al. 2014).
Agriculture accounts for more than 96% of the total
water withdrawal.
The KRB is suitable for both crop production and
livestock rearing due to the availability of water,
fertile and alluvial cropland in its downstream
parts, and pasture lands at higher altitudes.
Agriculture and associated livelihoods in the KRB
are dominated by a cereal and livestock-based
integrated farming system. However, yields are
uneven across the basin due to spatial and temporal
variability in water availability. The yields of
major crops here are low compared to elsewhere
in South Asia. Half the cultivated land in the KRB
is still rain-fed, and susceptible to climate change
and extreme events such as floods and droughts,
which reduce crop yields. Fertilizer use is low. One
can increase crop yields in the basin by expanding
the irrigated area and increasing fertilizer use and
other inputs in agriculture, though this may affect
groundwater quality. Future changes in population,
increasing urbanization, and migration trends
increase the demand for food. The combination
of socioeconomic drivers of change and changes
in climatic parameters will affect agricultural
practices and livestock farming, which may
adversely impact the availability and quality

FIGURE 25

of water resources in the KRB. The following
subsections discuss, in a little more detail, trends in
agriculture and water use in the three regions of the
Koshi basin.

1.3.1. Agriculture in Bihar’s Koshi basin
Of Bihar’s total geographical area of 9.35 million
hectares (ha) – or 93,595 sq. km – 5.24 million
ha (56%) is the net sown area, with a cropping
intensity of 144% (GoB 2020). The average size
of operational holdings in Bihar is only 0.39 ha
against the national average of 1.08 ha (GoB 2020;
NABARD 2020). About 97% are small and marginal
farmers who own less than two hectares of land,
indicative of the subsistence nature of agriculture
in the state. Agriculture employs above 70% of
Bihar’s workforce. Including forestry and fishing, it
generated, in 2017‒2018, around 19.7% of the state’s
gross domestic product (GDP), of which more than
half was from crops (GoB 2020).
Among the districts of the Koshi basin in Bihar,
agriculture contributes almost half the GDP in
Sheohar, Madhepura, Supaul, and Purnea districts,
reflecting their heavy dependence on agriculture.
The share of agriculture in the GDP of the basin
in Bihar is 32%, higher than the corresponding
figure for the state (Figure 25), which shows that
the basin’s population is more dependent on waterbased livelihoods such as agriculture and livestock
rearing. The availability of, and access to water has
a direct bearing on the livelihoods of the basin’s
people and its overall GDP.

50
Madhepura

34

32

40
34

Bihar

KRB in Bihar

Katihar

Araria

Purnea

Saharsa

Bhagalpur

17

23

26
Khagaria

Begusarai

Samastipur

Madhubani

16

THE KOSHI RIVER BASIN RESOURCE BOOK

Darbhanga

Sheohar

Sitamarhi

East Champaran

Source: GoB (2012)

82

31

22

24

28

31
18
Muzaffarpur

GDP percent

45

50
Supaul

52

AGRICULTURE’S CONTRIBUTION TO THE GDP IN BIHAR’S DISTRICTS COMPARED TO THE BASIN AND STATE LEVELS, 2011

1.3.1.1. MAJOR CROPS AND YIELDS IN THE KOSHI BASIN
IN BIHAR

the corresponding area under that crop in the state
(Figure 27).

The soil in Bihar is mostly alluvial and the state
has a subtropical climate, both very conducive for
agriculture. The principal crops grown in the state
are paddy, wheat, maize, pulses, potato, sugarcane,
fibers, and oilseeds (GoB 2012). Roughly 87% of
Bihar’s total cultivated area is used for cereal
production, 7% for pulses, 1.5% for oilseeds, 1.24%
for fibers, and 3.25% for sugarcane production.
Figure 26 shows the total area allocated for different
crops in Bihar in 2020.

The Koshi basin can be considered the hub of cereal
production in Bihar. It produces 1.5 million tonnes
(Mt) of rice, 44% the total rice production in the
state, and 1.1% of national rice production. It also
produces 1.7 Mt of wheat, 39% of the total wheat
production in Bihar and 2.1% of the national wheat
production. The basin produces 1.1 Mt of maize,
74% of the state’s total and almost 5% of the national
maize production (GoB 2012).
AREA UNDER MAJOR CROPS IN BIHAR’S KOSHI
BASIN AND THE STATE, 2010

FIGURE 27
FIGURE 26

SHARE OF AREA ALLOCATED TO DIFFERENT
CROPS IN BIHAR, 2020
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Cereals
87%

Source: GoB (2020); authors’ computation

The sixteen districts of the KRB in Bihar have 2.4
million hectares (Mha) of cultivated land, 45.3%
of the cultivated land in the state. As in the case
of Bihar, cereals are grown on more than 85% of
the basin’s cultivated area, followed by pulses and
minor crops. Rice, wheat, maize, and pulses are
the major crops; they are cultivated on 1.5, 0.9, 0.4,
and 0.25 Mha respectively, and each is almost half

TABLE 17

We now discuss how the yields of major crops in
the basin compare with state, national, regional,
and global yields of these crops. It needs to be
borne in mind that, despite having fertile land, the
yields of major crops such as rice, wheat, pulses,
oilseeds, and sugarcane in the state as a whole are
low compared to other states in India (Mahadevan
2003).
In the case of rice, the average yields in the KRB
in Bihar in 2018 were found to be very poor (2,104
kg/ha), lower than the state average (2,447 kg/ha)
(DoSE 2018; GoB 2017), and considerably lower than
rice yields in India (3,695 kg/ha) and South Asia
(3,868 kg/ha), or indeed global averages (4,636 kg/
ha) for the same period. The yields of wheat and
maize in the basin are better than rice but there are
stark gaps in yields on making similar comparisons
(Table 17).

YIELDS OF KEY CEREALS IN THE KOSHI BASIN IN BIHAR COMPARED TO STATE, NATIONAL, SOUTH ASIAN, AND GLOBAL
AVERAGES

Crop

Yields in the
basin (kg/ha)

Yields in Bihar
(kg/ha)

Yields in India
(kg/ha)

Yields in South
Asia (kg/ha)

Global yields (kg/
ha)

Rice

2,104

2,447

3,695

3,868

4,636

Wheat

2,244

2,905

3,083

2,847

3,405

Maize

3,571

4,607

2,574

2,940

5,640
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The key causes for the low yields of these key
crops in Bihar’s Koshi basin are the frequent
droughts and floods, the changing climate, and
land degradation due to anthropogenic impacts.
The low yields suggest there is much room for
improvement through appropriate technological
interventions. There is scope for income generation
and improving the productivity of important crops
could be the way forward. Resilient irrigation
approaches, flood control, and improved drainage
would also contribute. More importantly, policies
need to have a more targeted approach in the
coming years to have a positive impact in the basin
and in the state.

1.3.2. Agriculture in Nepal’s Koshi basin
Agriculture is the major water-consuming
sector in Nepal; it consumes more than 95% of
the freshwater withdrawal. Future increases in
population and further commercialization of
agriculture may alter the demand for food with
corresponding increases in the demand for water.
Agriculture’s share in Nepal’s GPD was 27.6% in
2017‒2018 (GoN 2018). Cereals contribute about
half of Nepal’s annual agricultural GDP and are
grown on 80% of the country’s total cultivated
area (MoAD 2016b). The water footprint per dollar
of agricultural GDP is much higher than in other
sectors.
The 27 districts in the KRB in Nepal contain 1 Mha
of cultivated land, which is about 35% of the total
cultivated land in Nepal. Rice, wheat, and maize
are the major cereals grown in Nepal, of which rice
is particularly water-intensive. Rice is grown over
0.60 Mha in the Koshi basin, 40% of the total area
under rice in Nepal (1.5 million ha). It produces 1.8
million Mt of rice, at an average yield of 3,000 kg/
ha (in 2016), higher than in Bihar’s part of the basin,
but lower than the national, Indian, South Asian,
and global average yields. The Terai is considered
the granary of Nepal, and rice yields are high
here (more than 3,000 kg/ha) but are lower in the
mountainous districts (MoAD 2016b).

TABLE 18

Maize is grown over 0.34 Mha of land in the Koshi
basin, almost 40% of the total area under maize in
Nepal. The basin produces 886,000 tonnes of maize,
about half Nepal’s total maize production of 1.7 Mt
(Table 18). Maize yields in the basin are slightly
higher than the national average.

1.3.3. Agriculture in the TAR
Two types of farming systems are prevalent in the
TAR, crop-dominated and agro-pastoral. The major
crops grown in the river valley are barley, wheat,
buckwheat, peas, potatoes, and rapeseed, whereas
the agro-pastoral system is practised at higher
altitudes, in which livestock rearing is the main
occupation (IMHE 2016).
The basin in the TAR contains 20,000 ha of
cultivated land, of which 61% is used for cereal
cultivation. The cereal crops barley and wheat are
grown the most widely here, followed by rapeseed
and soyabean. Among the TAR’s five counties in the
basin, Tingri is the centre for cereal production,
which covers almost 70% of its total cultivated area.
Soyabean is grown the most in Dinggye county
(13% of the total cultivated area), but no beans are
grown in Gamba. Oilseeds are cultivated in all the
five counties here, varying between 8% and 15% of
their total cultivated area.
Although the TAR has only a small proportion
of land under agriculture due to the rugged
topography, crops yields are very promising. For
instance, the yields of barley and wheat have
been found to be 4,841 kg/ha and 3,500 kg/ha

YIELDS OF KEY CEREALS IN THE KOSHI BASIN IN NEPAL COMPARED TO NATIONAL, SOUTH ASIAN,
AND GLOBAL AVERAGES

Crop

Area cultivated
(ha)

Production
(tonnes)

Yields in the
basin (kg/ ha)

Yields in Nepal
(kg/ha)

Yields in South
Asia (kg/ha)

Global yields
(kg/ha)

Rice

594,000

1,838,000

3,095

3,312

3,868

4,636

Wheat

266,000

649,000

2,434

2,412

2,847

3,405

Maize

340,000

886,000

2,606

2,501

2,940

5,640

Sources: FAOSTAT (2018); MoAD (2012, 2016)
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Wheat, the second-most important cereal after
rice here, is grown over 0.26 Mha in Nepal’s Koshi
basin, 39% of the total area under wheat in Nepal.
The basin produces 649,000 tonnes of wheat, a little
under half of Nepal’s total wheat production of 1.4
Mt. The average yield of wheat has been calculated
at 2,434 kg/ha, similar to the national figure. There
yields are particularly good in some districts, such
as Dhankuta, Bhojpur, and Sunsari.

THE KOSHI RIVER BASIN RESOURCE BOOK

respectively, higher than global yields (Table 19).
It is the same case with rapeseed and soyabean. A
key reason for these higher yields in the TAR may

TABLE 19

be the existence of irrigation facilities; almost 92%
of the cultivated land is irrigated. Normally, these
crops cannot grow in rain-fed conditions.

YIELDS OF CEREALS AND VEGETABLES IN THE KOSHI BASIN IN THE TAR COMPARED TO NATIONAL AND GLOBAL YIELDS

Crop

Area cultivated
(ha)

Production
(tonnes)

Yields (kg/ha)

National yields
(kg/ha)

Global yields (kg/
ha)

Wheat

626

2,194

3,500

5,396

3,115

Barley

12,498

60,514

4,841

3,753.2

2,684

Rapeseed

2,742

6,428

2,344

1,982

1,891

Soyabean

1,171

5,590

4,776

1,803

2,374

Vegetables

1,387

NA

NA

16,141

14,364

Sources: FAOSTAT (2018); IMHE (2016)

Note: NA = data not available

3.3.4. Lack of land ownership and other 		
challenges faced by women
Agriculture and agricultural production depend on
several key assets and services such as land, labour,
water supply, and rural infrastructure, and other
inputs such as technology, extension services, and
financial services. However, due to historically
determined biases, women and excluded
communities lack access to, or control over these
resources. Patriarchy is prominent in both the
Nepali and Indian parts of the KRB, because of
which women lack ownership of land and other
property.
In the Nepali part of the basin, 21 out of its
27 districts have more women than men, a
feminization of demographics due to the increasing
male migration. In the absence of men, farming
is being managed by women. Yet, census records
from 2011 indicate that only 10.8% of the women
in the basin in Nepal own land. And in households
in which men are present, women contribute
significantly as agricultural labourers (ADB et al.
2012a), but their role in decision-making is minor.
In Bihar’s portion of the basin as well, this
gendered exclusion in land ownership is highly
prominent. Very few landlords own large pieces
of land; the majority of farmers here are marginal
farmers. The persistence of dowry in Bihar and
significant gendered differences in their roles
and responsibilities act as hurdles to women’s
ownership of agricultural land. Not having direct
ownership of land, women in Bihar tend to work
more as agricultural labourers than decision
makers (Choudhary et al. 2019).

Due to widespread male migration, women spend
more time in the fields than men. However,
increasing farm pest infestations and women’s
lack of knowledge regarding chemical fertilizers
has also increased their exposure to hazardous
pesticides and fertilizers (Atreya 2007; Bhandari
2017).
There is a growing trend in the basin of the
commercialization of agriculture, and there are
promising examples of it empowering women.
Yet, a key challenge female farmers face is the lack
of access to credit. Small and marginal farmers
rely on women’s self-help groups to access water.
However, women find it difficult to get bank loans
due to the need for collateral.

3.3.5. Status of irrigation in the Koshi 		
basin
Irrigation water is a fundamental input in crop
production. It enables the use of other agricultural
inputs such as fertilizers, pesticides, and improved
seeds, and improves crop productivity. Irrigation
is therefore considered an essential component
of commercial agriculture, one that can enhance
incomes and help reduce poverty.
The Koshi basin in Nepal has 0.9 Mha of cultivated
land. Of this, 0.4 Mha is irrigated, which is only 44%
of the basin’s total arable land, and which compares
unfavourably with the national figure of 66% (GoN
2018). Of the 0.4 Mha of irrigated area in the basin,
roughly 0.31 Mha (76%) depends on surface water
and 0.10 Mha (24%) on groundwater (Figure 28).
In the mountainous districts, less than 20% of the
agricultural land is irrigated; irrigation coverage
THE KOSHI RIVER BASIN RESOURCE BOOK
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FIGURE 28

EXTENT OF IRRIGATED AREA BY SOURCE IN NEPAL’S KRB DISTRICTS
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growing at about 0.8% a year (GoB 2020). Of the
total irrigated area that year, tube wells contributed
63%, canal irrigation 31%, tanks 2%, other kind of
wells 1%, and other sources 3%. This suggests that
Bihar sources almost 64% of its irrigation from
groundwater and the remainder from surface water
(GoB 2020).

is much better in Nepal’s Terai. There is huge
potential to expand groundwater irrigation in the
Koshi basin, particularly in Nepal’s Terai.
Successive Indian governments have also
considered irrigation a fundamental input in
agriculture, and hence it gets state support just
as electricity supply does, as a subsidy. The Bihar
government has been taking major steps to
increase irrigation cover in the state. For instance,
the state government provides 90% subsidy for
drip irrigation and 75% subsidy for sprinkler
irrigation. Approximately 71.9% of the state’s total
agricultural area was irrigated in 2018, considerably
higher than India’s average of 39% (FAO 2015), and

IRRIGATED AREA AND SHARE OF IRRIGATED AREA IN THE KRB IN BIHAR

Source: AQUASTAT (n.d.)
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In the Koshi basin in Bihar, around 1.2 Mha, or
about half the net cultivated area, is irrigated; the
remaining half depends upon rainfall. There is
considerable variation in the proportion of irrigated
area between districts, ranging from a low 30%
in Katihar to above 80% in Khagaria. Figure 29
shows the extent and proportion of irrigated area in
different Koshi basin districts of Bihar.

Irrigated area('000 ha)
Irrigated area (%)

an impact of the subsidized electricity. The share of
groundwater in irrigation is above 70% in the Koshi
basin, higher than the state of Bihar (65%), or its
corresponding share nationally (63.7%) (FAO 2011).
Figure 30 shows the extent of irrigation coverage by
different sources in different districts in Bihar.

Analysed by source, at the district level, the data
shows that most the basin’s districts depend
heavily on groundwater for irrigation. The share
of groundwater in irrigation ranges from 30% in
Madhepura to almost 100% in Begusarai, Khagaria,
and Sheohar districts (Figure 30), which might be

EXTENT OF IRRIGATION COVERAGE BY SOURCE IN THE KOSHI BASIN IN BIHAR
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Source: AQUASTAT (n.d.)

3.3.5.1. GENDERED DIMENSIONS OF IRRIGATION

There are varied gender dimensions pertaining to
irrigation in the Koshi River basin. Most important
is the issue of tailenders in surface irrigation
systems not receiving sufficient water. In the KRB,
there are a number of large irrigation systems
in the plains, and small and medium irrigation
systems in the mountains. In the case of traditional
irrigation systems managed by subsistence
farmers, all farmers would contribute their labour
equitably towards the diversion of water and the
cleaning of canals. With government support,
the traditional farmer managed irrigation system
and the equitable contribution of labour has been
affected. In addition, most irrigation systems have
promoted commercial farming, in which small
and marginal farmers tend to be at a disadvantage
compared to large landholders in the command
area (Udas 2014). And many households that are
female-headed due to male migration tend to be of
marginal farmers.
Second, while women contribute significantly to
the work required to maintain systems as well as
to the irrigation of farmland, their participation in

bodies that make decisions about the management
of irrigation water is limited (Ghimire 2005). The
Lama Khola irrigation system located in Udayapur
district in the KRB shows that though women
contribute their labour in the management of
the irrigation system, their role in decisionmaking is limited as it is considered a male
domain (Zwarteveen et al. 2010). Overall, women’s
participation in irrigation management systems
is limited to national organizations representing
farmers (ADB et al. 2012b).
The limited participation of women in these
decision-making bodies has gendered implications.
Often, during the peak periods for irrigation,
water users’ associations announce the release of
water on a rotational basis. Unlike male-headed
households, households headed by women face
difficulties when they are provided water at
night. Such gender-insensitive water distribution
rules and practices have adversely affected the
productivity of female-headed households in
irrigation systems that receive water from the
Baruwa River, one of the tributaries of the Koshi
(Udas 2014).
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3.3.5.2. FERTILIZER USE IN THE KOSHI BASIN

Irrigation water is essential to enhancing
the efficiency of fertilizers, seeds, and other
agricultural inputs, and thereby to increased
agricultural productivity.
In Nepal, the twenty-year Agriculture Perspective
Plan (APP) of 1995 had identified expanded
irrigation and fertilizer use as two inputs towards
improved agricultural productivity. Fertilizer
use was very low (31 kg/ha) in Nepal in 1995, the
plan’s base year, and it set a target of 131 kg/ha by
2017 (APROSC and JMA 1995). However, fertilizer
use in Nepal had reached merely 74 kg/ha by 2016
(World Bank n.d.). Expanded fertilizer use and
its supply was one of the priority areas identified

FIGURE 31

Approximately 55,000 Mt of fertilizer was used in
the Koshi basin in 2012 in Nepal, 41% of Nepal’s
total consumption (CBS 2013). Kavrepalanchok
district uses the most fertilizer, over 4,600 Mt, and
Solukhumbu the least, only 6 Mt (Figure 31).

FERTILIZER USE IN DIFFERENT BASIN DISTRICTS OF NEPAL

The total figure translates to fertilizer use of 112
kg/ha in Nepal’s basin, higher than the country
average, which is 74 kg/ha (World Bank n.d.).
Here too there is considerable variation ‒ 407 kg/
ha in Ramechhap, followed by Kavrepalanchok
and Sindhupalchok districts, whereas Taplejung
district uses merely 51 kg/ha, the lowest (CBS
2013). Fertilizer use data from the agricultural
census shows that the rate of fertilizer use is
lower in the mountainous districts than in the
Terai and the peri-urban hill districts such as
Kavrepalanchok, Ramechhap, and Sindhupalchok.
Problems in transportation and the slow pace of
the commercialization of agriculture could be the
reasons for the low use of fertilizer in mountain
farming. However, the expansion of irrigated
areas and improvements in transportation could
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by the Agriculture Development Strategy as well
(MoAD 2016a). It is very likely that fertilizer use
will increase exponentially in the future, due to
the development of groundwater resources and the
expansion in irrigated area, and second, due to the
increase in market access and the mushrooming
of agro-veterinary centres. Having said that, it
is likely that the increased use of fertilizers and
other agro-chemicals will further adversely impact
groundwater quality.
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potentially increase fertilizer use in these parts of
the Koshi basin.
Bihar’s fertilizer consumption is higher than the
national average but lower than other states in
India (DoF 2010; GoB 2012). Research shows that
crop yields in Bihar can be significantly improved
by increasing the rate of NPK application but in
balanced doses (Singh et al. 2001).
About 1.1 Mt of fertilizer was applied in the basin’s
districts in Bihar in 2016, roughly half of the 2.3
Mt used in the state (Sinha 2017). Like in Nepal,
considerable variation is found in fertilizer use in
the Koshi basin in Bihar. In 2016, of its 16 districts,
Muzaffarpur, East Champaran, Samastipur and
Purnea used more than 80,000 Mt each, whereas
Sheohar and Supaul districts consumed the least,

less than 40,000 Mt. However, fertilizer use per
hectare was the highest in Khagaria (983 kg/ha)
and the least in Madhubani (228 kg/ha) (Figure
32). A high fertilizer use tends to contaminate the
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quality of both groundwater and surface water. It
contaminates groundwater through leaching and
surface water through surface run-off.
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3.3.6. Groundwater potential in Bihar and
the Terai in Nepal
Irrigation water is essential to enhancing
the efficiency of fertilizers, seeds, and other
agricultural inputs, and thereby to increased
agricultural productivity.
In Nepal, the twenty-year Agriculture Perspective
Plan (APP) of 1995 had identified expanded
irrigation and fertilizer use as two inputs towards
improved agricultural productivity. Fertilizer
use was very low (31 kg/ha) in Nepal in 1995, the
plan’s base year, and it set a target of 131 kg/ha by
2017 (APROSC and JMA 1995). However, fertilizer
use in Nepal had reached merely 74 kg/ha by 2016
(World Bank n.d.). Expanded fertilizer use and
its supply was one of the priority areas identified
by the Agriculture Development Strategy as well
(MoAD 2016a). It is very likely that fertilizer use
will increase exponentially in the future, due to
the development of groundwater resources and the
expansion in irrigated area, and second, due to the
increase in market access and the mushrooming
of agro-veterinary centres. Having said that, it

is likely that the increased use of fertilizers and
other agro-chemicals will further adversely impact
groundwater quality.
Approximately 55,000 Mt of fertilizer was used in
the Koshi basin in 2012 in Nepal, 41% of Nepal’s
total consumption (CBS 2013). Kavrepalanchok
district uses the most fertilizer, over 4,600 Mt, and
Solukhumbu the least, only 6 Mt (Figure 31).

Knowledge gaps
•

Water scarcity is not an issue in the Koshi
basin. Water-related issues relate more to
governance, the lack of capital investment,
disasters, and inefficiencies in water use,
resulting in poor access to, and use of water.
There exist knowledge gaps in governance,
policy, and economic and technical efficiencies
of water use. This is addressed in the next
chapter of this resource book

•

Rice, maize, and wheat are major crops grown
in the Koshi basin. The farming system is
dominated by rice, which is water-intensive.
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The water consumed in growing rice,
maize, and wheat needs to be analysed and
compared with other crop options, but without
compromising farm incomes and food security
issues. The underlying research question,
“What are the options though which more
profit can be generated using the same amount
of water?” needs to be thoroughly examined
•

The factors contributing to water use
inefficiencies in the basin need to be
thoroughly understood

•

Research needs to explore the benefits of
technological interventions such as the system
of rice intensification (SRI) and laser levelling
to save water and energy use in agriculture in
the basin

•

The groundwater potential in the Terai in
Nepal and in Bihar needs to be understood so
that irrigated agriculture can be expanded,
resulting in higher production

•

In the upstream parts of the Koshi River
basin, research needs to identify appropriate
rainwater harvesting sites. Research is also
needed to identify the potential causes of
springs drying, including their geological
settings

KEY MESSAGES

A majority of the population in
the Koshi River basin depends on
agriculture. People’s livelihoods are
directly linked to water availability
and access.
More than half of Nepal’s total crop
production comes from the Koshi
basin. In India too, agriculture in
the basin contributes significantly to
agricultural production in Bihar.
Changes in climatic conditions,
demographics, and food
consumption patterns may result
in a higher demand for agricultural
products and a corresponding
increase in the demand for water in
the future.
Implementing efficient water
management measures can increase
agriculture productivity in the
Koshi plains. There is considerable
potential for expanded groundwater
utilization downstream.
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3.4. Sustainable hydropower
The Koshi River basin has a huge economically
viable hydropower potential, mostly in the Nepali
section of the basin. In Nepal, about 43,000 MW
of hydroelectricity could be produced, of which
a generation of about 11,000 MW is technically
feasible in the KRB. There are approximately 53
technically feasible projects either in operation,
under construction, or been surveyed. Forty
of these 53 technically feasible projects are
economically feasible, with a generation potential
of 10,860 MW in the Nepali part of the basin
(WECS 2017). About 30 GWh of electricity could be
generated annually in the KRB (Chinnasamy et al.
2015).

TABLE 20

Multiple studies have proposed different values for
the total hydropower potential of the Koshi basin.
Based on the master plan for Koshi river water
resource development, JICA (1985) estimated 10,909
MW of hydropower potential. Jha (2011) estimated
a hydropower potential of about 17,000 MW in the
Koshi River’s seven major tributaries ‒ Tamor,
Arun, Dudh Koshi, Likhu, Tama Koshi, Sun Koshi,
and Indrawati ‒ at a 40% flow exceedance and 80%
efficiency. Bajracharya (2015) estimated a potential
of about 3,500 MW in three major tributaries of the
basin, Sun Koshi, Arun, and Tamor. In this work,
we follow the values proposed in the more recent
WECS (2017).
Some of the major potential hydropower projects in
the Nepali part of the basin and their current status
are listed in Table 20.

CURRENT STATUS OF MAJOR ONGOING HYDROPOWER PROJECTS IN THE NEPALI PART OF THE KOSHI BASIN

Project

Capacity (MW)

Arun III

900

Under construction

Solu Khola (Dudh Koshi)

86

Under construction

Upper Tama Koshi

456

Under construction

Middle Bhote Koshi

102

Under construction

Dudh Koshi

640

Feasibility study and design ongoing

Tamor

530

Feasibility study completed

Upper Arun

335

Application for survey license

Tamakoshi V

87

Design and documents under preparation

Kabeli

37.6

Current status

Under construction

Sources: Alam et al. 2017; HCPL 2012; NEA 2017

Table 21 lists a number of existing hydropower
projects in the KRB in Nepal. Besides these, there
are many small and micro hydropower projects
with low capacities, but information about them is
difficult to obtain.
Bihar’s portion of the KRB is largely a flat plain
and thus has a very low hydropower generation
potential. The annual per capita electricity
consumption in Bihar reached 258 kWh in
2015‒2016 (GoB 2017). The energy demand is
fulfilled by different sources such as thermal power
plants, renewable energy, and power purchase
agreements (PPAs) with other states.

As of 2019, 11% of the energy generated in Bihar
came from hydropower (GoB 2020). A survey
conducted about a decade ago in the Koshi basin in
Bihar identified 18 potential sites for hydropower
generation, with a total capacity of 226 MW (Sinha
2006). One operational hydropower station in
the Koshi basin in Bihar is the Kataiya Hydro
Power Station (19.2 MW), built on the Eastern
Kosi main canal. The construction work on the
Rajpur hydropower project (0.75 MW) was 75%
completed as of 2019 (GoB 2020). The Bihar cabinet
recently approved the construction of the Dagmara
multipurpose hydroelectric project, with a capacity
of 130 MW in Supaul district (Thakur 2021).
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3.4.1. Status of hydropower development
in the Koshi basin in Nepal

et al. 2017). The hydropower capacity developed
in the Koshi basin in Nepal to date is 288 MW
(about 23.29% of the hydropower generated in the
country), merely 2.5% of its technically feasible
potential. Hydropower energy is being produced by
23 hydropower plants in operation (Table 21)
(DoED n.d.).

Tapping the hydropower potential and its export
will help provide economic benefits and generate
funds for education, healthcare, housing,
agriculture, and infrastructure development (Alam

TABLE 21

EXISTING HYDROPOWER PROJECTS IN THE KOSHI RIVER BASIN IN NEPAL

Project

River

Capacity (MW)

Khimti

Khimti Khola

60.0

Sun Koshi

10.05

Bhote Koshi

45.0

Sun Koshi

2.5

Chaku Khola

Chaku

3.0

Hewa Khola

Hewa Khola

4.45

Lower Chaku Khola

Chaku

1.8

Siprin Khola

Siprin

10

Indrawati III

Indrawati Khola

7.5

Bhairab Kund

3.0

Baramchi

4.2

Phawa Khola

5.0

Charnawati

3.5

Jiri Khola

2.4

Middle Chaku Khola

Chaku Khola

1.8

Jhyari Khola

Jhyari Khola

2.0

Hewa Khola A

Hewa Khola

14.9

Sabha Khola

Sabha Khola

3.3

Molun Khola

Molun

7.0

Panauti

Roshi Khola

2.4

Piluwa Khola

Piluwa Khola

3.0

Kulekhani-I

Kulekhani

60

Kulekhani-II

Kulekhani

32

Sunkoshi
Upper Bhote Koshi
Sunkoshi Small

Bhairab Kund Khola
Baramchi Khola
Phawa Khola
Charnawati Khola
Jiri Khola

Total

288.8

Source: DoED (n.d.)

The energy demand in the basin will certainly
increase due to, among others, a growing
population (a 19% increase over 2001‒2011) (see
Table 9 in subsection 2.7.1 on demographic features
and trends). Economic growth, overall, in South
Asia is projected to create a large energy demand

92

THE KOSHI RIVER BASIN RESOURCE BOOK

(ADB 2013). A WECS study stated that there would
be a 30% rise in electricity demand by 2020 in
Nepal, compared to 2015 (WECS 2017). About a
third of the country’s population resides in the
KRB, which indicates future energy demand in the
basin. Importantly, not all the energy that can be

produced in the basin will be fully utilized even
to fulfil this growing demand, so an appropriate
strategy on the use of the energy should be
developed.

3.4.2. Varied impacts of hydropower
The development of hydropower dams generally
results in positive outcomes in power generation,
irrigation, income generation, etc (see Box 3).
However, hydropower projects can adversely affect
ecosystems and biodiversity, and have negative
social and economic impacts on local communities.
These include the need for resettlement; variations
in river flows; the loss of land, valuable habitats,
cultural sites, and fish production; and disruptions
in fish migration. The scale of the impacts depends
on the size of the project, with large projects
tending to pose greater challenges in mitigating
the social, economic, and environmental impacts
(Pokharel 2001).
Critical perspectives on hydropower projects tend
to primarily focus on lacunae in rehabilitation
and resettlement (Chandy et al. 2012), but very
little attention is paid to gender relations, access
to and control over resources by women, and how
they manifest at the local level (Resurreccion et
al. 2019; Wang 2012). Hydropower projects disrupt
local livelihoods and access to resources. This
inordinately impacts women and marginalized
populations, including children, the elderly, ethnic
groups, and minorities. With resettlement and
rehabilitation, the burden disproportionately
falls on women and the disadvantaged. Analyses
of impacts of hydropower need to go beyond the
environment to include socio-environmental
concerns, and how access to common resources
gets affected at the local level.
The Kulekhani hydroelectric project (HEP),
completed in 1981, displaced 500 households, and
provided compensation for land, crops, houses,
facilities, and other structures (HCPL 2013). The
Tamakoshi V project will affect seven VDCs in
Dolakha district (NEA 2011). The Social Action Plan
of the Kabeli HEP reported limited impacts on four
VDCs, affecting 22 ha of land, including only about
7.6 ha of agricultural land and 1.57 ha of forest land,
and impacting only 105 people. No resettlement of
people was required (HCE 2013a).
Nepal’s Hydropower Development Policy (MoWR
2001) mandates appropriate sharing of benefits,
but has no explicit mention of how these benefits
get translated at the community level. This
policy document does not mention gender or

marginalized populations. Recently, many private
and public sector companies have begun to issue
company shares to local stakeholders as part of a
benefit-sharing mechanism. Benefit-sharing is used
as a mechanism to work with local communities
and to avoid costly conflicts and contestation
(Shrestha, Lord et al. 2016; Wang 2012); however, not
all get equal access to the benefits granted by these
hydropower companies. Women and marginalized
groups remain under-represented in decisionmaking. They often do not get to attend the relevant
meetings. They lack adequate information and
have a limited understanding of how hydropower
companies operate, and how the benefits are meant
to be shared. A study by ICIMOD to determine
local community perceptions, including how they
would like to mitigate the damage caused by a small
hydropower project in Sankhuwasabha district,
found that very few respondents were aware of the
royalties paid, and had varied responses about the
project’s impacts. The increased incomes from the
jobs generated was considered a positive impact,
while the project affecting their livelihoods was
seen to be negative in the study area. There are also
examples from Kulekhani I, Khimti, and Jhimruk
(not within the Koshi basin) in which hydropower
projects decreased the volume of water available for
irrigation (Shrestha, Lord, et al. 2016).

3.4.3. Sustainable hydropower in
the basin
While the generation of hydropower impacts
the environment, in turn the environment
can also affect hydropower generation and its
sustainability. Climate change impacts, floods,
landslides, earthquakes, glacial lake outburst
floods (GLOFs), and excessive sedimentation have
been affecting hydropower plants significantly
in the KRB. A uniform streamflow all year round
is ideal, and conversely, large seasonal and interannual variability can be detrimental for effective
hydropower generation (Lutz et al. 2016). However,
in most parts of the HKH region, the streamflow
regime is characterized by high flows during the
monsoon and/or in the snowmelt season and low
flows in other seasons.
Climate change has begun to impose mild to
moderate risks on energy production from the 456
MW Upper Tamakoshi HEP, ranging from 0.69%
to 13.4% (Shrestha, Bajracharya, et al. 2016). A
significant increase in extreme flows in the basin
has been projected. Flows with a once-in-a-50-year
return period in the Koshi basin are projected to
double by the end of this century (Wijngaard et al.
2017). Such increases demand appropriate project
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design and operations for sustainable hydropower
generation. However, there are uncertainties
associated with such projections that need to be
taken into consideration.
Other uncertainties pertaining to finance and
natural hazards need to be assessed in combination
to estimate the overall benefit (Ray et al. 2017). In
addition, due to political instability, the Nepali
government had failed to renew the licenses of a
few hydropower projects in the basin, including
the Bhote Koshi (22.6 MW), Lower Balephi
(5 MW), and Tamor Mewa (101 MW) projects
(WECS 2013). Despite its high energy generation
potential, the basin is facing a number of major
challenges ranging from a high loss of power, high
water consumption upstream limiting the water
available for hydropower plants downstream, the
transboundary nature of the basin, and political
crises (WECS 2010).
Sedimentation of reservoirs is another kind of
risk imposed by the environment. Sediment
causes mechanical wear-and-tear of the turbines
and water conveyance structures of HEPs. The
varied environmental risks posed by hydropower
generation could compromise the sustainability of
such projects. To address these, varied measures
are needed. Sedimentation rates should be
assessed. Sound environmental impact assessment
(EIA) and mitigation is essential. For example, the
Government of Nepal’s Hydropower Environmental
Impact Assessment Manual provides a pathway
towards a holistic outcome by minimizing the
negative impacts of hydropower on the ecosystem
while maximizing its developmental benefits and
enabling the greater acceptance of projects by local
communities and governments (MoFE 2018). Many
environmental risks can be avoided by developing
multiple, small-scale hydropower plants. They
generally deliver greater benefits to local people
and have a smaller environmental footprint.
Environmental risks and other considerations
are better viewed from a holistic basin-wide
perspective than a project-based frame. This
has been implemented in several river basins
around the world. For example, the Mekong River
Commission has implemented integrated water
resource management (IWRM) in the Mekong
River basin in order to meet multiple objectives
such as sustainable hydropower and identifying
opportunities for irrigated agriculture (MRC n.d.). It
would help optimize the benefits and minimize the
costs, including environmental costs (Haney and
Plummer 2008). A cumulative impact assessment
(CIA) is a step ahead as it enables an understanding
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of the cumulative environmental and social
impacts of multiple hydropower projects in a basin
(or sub-basin or river corridor), or the impacts of a
single project over an extended period of time (IFC
2013). It becomes more effective if environmental
and social factors are considered during the early
stages of decision-making and are incorporated
in policies and plans. A strategic environmental
assessment (SEA) carries out an evaluation, at the
highest strategic level, of a project’s environmental
impacts in the context of social and economic
factors (IFC 2018).
The sustainability of hydropower is also better
ensured if its benefits are equitably shared
(Shrestha, Lord, et al. 2016). One needs to include
gender concerns, and address gender hierarchies
and power relations both at the community and
organizational levels (Resurreccion et al. 2019). It
also needs to include the marginalized in terms
of caste, ethnicity, class, and other dimensions
that influence their access to, and control over
resources.
This is challenging, but there are some good
examples of benefit-sharing in the Koshi basin.
For instance, the Kulekhani I and II HEPs in
Makwanpur district in southern Nepal benefited
local communities by providing jobs, training,
infrastructure, drinking water, electricity, and
water for fishing. They have also followed a system
of payment for environmental services (PES),
whereby, under a benefit-sharing mechanism, a
project’s royalties could be used to compensate
users in upstream regions for curtailing ‘bad’ land
management practices and for their efforts in
conserving their physical environment (Shrestha,
Lord, et al. 2016).

BOX 3
BENEFITS OF MULTIPURPOSE PROJECTS IN THE KRB
Despite having plentiful water resources, the KRB
presents a developmental challenge due to severe
energy scarcity and high poverty levels. Multipurpose projects can tap this potential and address
these challenges by generating hydroelectric power,
expanding irrigation, reducing flood risks, and building
resilience to climate change (Mathema et al. 2013).
JICA (1985) identified 11 high-potential water resource
development (WRD) projects in the KRB in Nepal. These
include seven ROR projects ‒ Arun III, Bhote Koshi,
Lower Arun, Sundarijal, Sun Koshi 3, Tama Koshi, and
Upper Arun ‒ and four storage dams ‒ Dudh Koshi,
Sapt Koshi, Sun Koshi, and Tamor. Using a hydroeconomic model, Amjath-Babu et al. (2019) analysed
the economic benefits of these proposed WRD projects
at the basin scale, in terms of hydropower generation,
Irrigation, and flood control, and their sustainability in a
climate change context. The study estimated aggregate
economic benefits of around USD 2.3 billion annually
under a baseline scenario (for 2010) and of USD 2.4
billion under a future representative concentration
pathway (RCP)4.5 climate scenario (for 2050). The small
difference in these two estimations demonstrates the
climate resilience of these projects (Amjath-Babu et al.
2019).
An annual total of 30,000 GWh of electricity can
potentially be generated from these four storage and

seven run-of-the river (ROR) projects, four times Nepal’s
total current electricity consumption. The storage
dams could provide water for irrigation, drinking, and
industrial use. The ROR projects would not store water
for irrigation. They would however generate electricity
that could be used to pump groundwater for irrigation.
This would improve the productivity of rice and wheat,
more for wheat than rice. The productivity gains would
be lower in Bihar, as compared to Nepal, by 27% for rice
and 35% for wheat. On the other hand, Bihar receives
a larger quantity of water than the Nepali part of the
basin. Furthermore, the flood losses are expected to
reduce in downstream areas by 27%, mainly in the
densely populated plains, due to the construction of
storage dams upstream. The results indicated that gains
in irrigation and flood regulation account for 40% of the
estimated direct benefits in the basin, and hydropower
60% (Amjath-Babu et al. 2019).
For these benefits to materialize however, electricity
trade agreements are a pre-requisite. Large-scale
storage dams need to be constructed, but assuming
there is assured demand for the electricity generated,
and transparent benefit-sharing mechanisms for
local communities that outweigh the negatives of
submergence by reservoirs and environmental impacts.
The WRD projects can contribute to climate-resilient
development in the KRB. This finding has important
policy implications for achieving food, energy, and
water security, along with the mitigation of climate
change impacts.
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Knowledge gaps and recommendations
•

There are gaps in knowledge regarding
hydropower development plans in the Tibetan
part of the basin

•

A basin-wide approach has been implemented
in other parts of the world for the optimal
development of hydropower. Their experience
has shown it ensures maximum economic
benefits and minimum environmental impacts.
Such an approach would be appropriate for
hydropower development in the Koshi River
basin

KEY MESSAGES

Hydropower development should
seek to benefit multiple water users
by following appropriate benefitsharing mechanisms for both
women and men.
For hydropower sustainability
in the basin, both its risks to the
environment and risks from
the environment should be
minimized, including sociocultural
risks. Multiple, small hydropower
projects may be more appropriate
for these objectives rather than a
smaller number of large projects.
Studies point to significant
potential economic benefits from
greater electricity production,
increased agricultural production
due to irrigation, and flood control
at the basin scale, estimated at
around USD 2.3 billion annually.
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3.5. Water and ecosystem
well-being
3.5.1. Indirect benefits of freshwater
Freshwater and its surrounding areas are crucial
not only for the direct benefits they provide
human beings, but also the indirect benefits to
wider ecosystem health. Freshwater and the
hydrological cycle also sustain inland water
ecosystems, including rivers, lakes, and wetlands,
and provide cultural, regulatory, and supportive
services to human well-being (Aylward et al.
2005). Water retention, water yields, infiltration,
and sediment regulation, which are considered
supportive services, are important components
of the attributes and processes that produce
provisioning/direct services, such as drinking
water, and water for agriculture, for livestock, and
hydropower generation (Vigerstol and Aukema
2011). The freshwater ecosystems of the KRB have
multiple uses such as aiding aquatic and terrestrial
biodiversity conservation, acting as buffers
during floods, enabling carbon sequestration, and
catalysing ecotourism.

3.5.2. Essential for other species
As described in Chapter 2, the KRB has a diverse
flora and fauna (see subsection 2.4.2). The water
flowing at different altitudinal ranges and the
areas surrounding it provide crucial feeding
and breeding habitats for various resident and
migratory birds, mammals, herpetofauna, fishes,
and invertebrates.
A critically endangered species of wild water
buffalo (Bubalis arnee), with a total population of
441 in 2018 (KTWR 2018), is highly dependent on
the water resources of the basin and its grassland
ecosystem for survival (Basnet and Dahal 2016). It
requires alluvial grassland, largely composed of
Saccharum species for grazing, where it spends
much of its time and wallows 6‒8 hours a day
to cool itself (Doody et al. 2016). Information
about the wallowing area, the water’s depth, its
temperature, and quality is essential to understand
the characteristics of the wild water buffalo and its
surrounding ecosystem.
Many water birds depend entirely on water and
the riverine floodplains in the KRB. For example,
the little forktail (Enicurus scouleri) and brown
dipper (Cinclus pallasi) feed on wet boulders above
and under the water respectively (Baral and
Thapa 2016). The males among the Bengal florican

(Houbaropsis bengalnesis) prefer moist, short, and
pure grassland that is 15‒35 cm tall whereas the
females prefer moist grassland taller than 110 cm
(Doody et al. 2016).
Dolphins (Platanista gangetic), gharials (Gavialis
gangeticus), and the mugger crocodile (Crocodylus
palustris), listed as endangered, critically
endangered, and vulnerable species respectively
according to IUCN’s Red Data Book, all reside in
the KRB in Nepal and India (Shah and Paudel 2016).
The water depth requirement for all such species
depends on their size. Large gharials longer than
2.2 m bask close to water deeper than 1 m, whereas
smaller gharials bask close to shallow water less
than 1 m deep (Ballouard et al. 2010). Juvenile
muggers require a water depth of 1‒3 m; those 4‒5
feet long require 2‒3 metre-deep water, and can
even use water deeper than 4 m if available whereas
adult muggers require a water depth more than 4
metres (Doody et al. 2016).
Similarly, the distribution and habitat of river
dolphins depend on the hydraulic characteristics
of rivers. Dolphins prefer deep waters, but only
a small number of pools deeper than 3 m are
to be found below the Koshi barrage within a
7-km stretch; most of the dolphin population is
concentrated there (Shah and Paudel 2016). Adult
dolphins need a minimum water depth of 5.2 m and
mother‒calf pairs need 2.2‒2.4 m (Choudhary et al.
2012).
Cold, cool, and warm water fish species inhabit the
KRB and its tributaries (Gurung et al. 2016). The
snow trout (Schizothorax spp.) migrates upstream
as it requires a water depth of 30‒60 cm and a water
temperature between 14˚C‒21˚C to spawn (Doody et
al. 2016).

3.5.3. Flood control and prevention
Many freshwater ecosystems also play an
important role in controlling floods. Wetlands
such as peatlands, wet grasslands, floodplains,
marshland, swamps, etc. control floods in different
situations. In upstream regions of the KRB,
peatlands and wet grasslands absorb rainfall,
which allows the water to slowly infiltrate into
the soil, thereby reducing the speed and volume
of run-off entering streams and rivers. This
controls the speed and volume of river run-off in
downstream areas, which reduces the likelihood of
sudden floods (Ramsar 2012). Therefore, wetlands
in the Tibetan Plateau and the Himalayan region
in Nepal should be preserved, as they help flood
control downstream (Mitsch and Gosselink 2000).
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In downstream regions, riverine floodplains
control the river discharge following heavy
rainfall (Ramsar 2012). The economic benefits
have occasionally been calculated. For instance,
the buffer zone area of the Koshi Tappu Wildlife
Reserve (KTWR) alone provides flood protection
of the value of USD 952,075 annually (ICIMOD and
MoFSC 2014).

3.5.4. Ecotourism and cultural value
The Koshi River and its tributaries are famous
around the world for the whitewater rafting trips
they offer. Protected areas in the basin (see chapter
2, Annexure 1) also provide outdoor recreation
and nature-based tourism, which is becoming
an important means of generating income in the
region. The KTWR alone generates USD 68.64 per
hectare annually. Calculated differently, it earns
USD 211 per tourist each year (ICIMOD and MoFSC
2014).
The Koshi River is considered a sacred river. There
also are several important cultural and religious
places near its banks, such as Varahakshetra,
Chatra, Ramdhuni, among others (Khatiwada
2014). Sacred natural sites such as the Jor Pokhari
Mahadevsthan, the Pathibhara Devi Temple, and
the Tinjure‒Milke‒Jaljale area have considerable
cultural importance for people and they are also
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important for being the source of many medicinal
plants (Chaudhary and Sah 2016). However, a
comprehensive study on the economic benefits of
these cultural sites in the basin is lacking.

3.5.5. Disturbances in freshwater 			
ecosystems
Different natural and human disturbances impact
the freshwater and its ecosystems in the KRB.
Climate change, water-based development projects,
erosion and landslides, and urbanization affect flow
regimes and threaten the ecological sustainability
of the basin’s freshwater bodies. The diversion of
water for irrigation and hydropower reduces the
supply of water to rivers and lakes, which negatively
affect the habitat and food supply of many faunal
species. These water development projects also
restrict the movement of aquatic life. Cross dams
across rivers are likely to substantially degrade
natural habitats by converting them from being
lotic to lentic in nature (Gurung et al. 2016). For
example, with the construction of a dam across
the Khulekhani River in Makwanpur district,
the fish species Garra lamta and Punitus sanctus
have disappeared and Schizothoraz richardsoni
has declined sharply while Accrossocheilus
hexagonolepis has become dominant, which
thrives well in ponds. The construction of the
Koshi River barrage hinders the movement of

juvenile and hatchling crocodiles that were flushed
below the barrage (Whitaker and Andrews 2003).
Inundation due to the barrage and changes in the
river’s course cause soil erosion, sedimentation,
and a reduction in its sandbanks, ultimately leading
to the degradation and loss of habitat (Shah and
Paudel 2016).
The limited nature of the work on the non-direct
uses of freshwater and the ecosystem services it
provides in the KRB impedes the conservation
and management of freshwater ecosystems. A
detailed study on the uses of water other than
for provisioning services is required for a better
understanding of the linkages between water and
related ecosystems. Long-term, empirical studies
on the cause-and-effect relationship between water
and ecosystem services are required for suitable
river basin planning.

Knowledge gaps
•

A critical assessment of minimal
environmental flows is needed to ensure a
healthy river system (Chaudhary and Sah 2016)

•

Knowledge about the status of the varied
indirect ecosystem services supplied by the
KRB is limited, the lack of which impedes
the conservation and management of its
freshwater ecosystems

•

Quantitative data regarding the effects of river
flows on the occurrence, abundance, and
distribution of flora and fauna is lacking

•

Climate change impacts on environmental
flows, and coping measures adopted by local
communities and biodiversity needs further
research

•

Long-term, empirical studies that monitor
socioeconomic and environmental trends are
needed for science-based river basin planning

•

It is important to develop understanding about
the nexus between water supply and demand,
and its impact on socioeconomic sectors.
Understanding this nexus is vital for achieving
water security in Nepal (Nepal et al. 2019)

KEY MESSAGES

Freshwater ecosystems provide
various direct and indirect benefits
to human beings and maintain
wider ecosystem health.
The Koshi River basin provides
habitats to critically endangered
species such as the wild water
buffalo, endangered species like
dolphins, and vulnerable species
such as the mugger crocodile.
Many places in the Koshi River
basin such as protected areas,
rivers, and religious places have
significant recreational and
cultural value for the basin’s
people, and are also important
sources of income.
Detailed and long-term monitoring
of the direct and indirect benefits
of freshwater and surrounding
ecosystems are required for
science-based river basin
planning.
Upstream‒downstream ecosystem
linkages should be considered in
river basin management.
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3.6. Water-related hazards and 		
their consequences for 			
key sectors
3.6.1. Impacts on domestic water use
Both the lack and abundance of water are creating
contexts for disaster in the KRB. The 1960s trend of
settling in the mountains at higher altitudes due to
the threat of malaria has been changing. In Nepal,
people are moving downhill, closer to rivers, due
to the drying of mountain water sources, especially
springs (Dandekhya et al. 2017). This however
makes them more susceptible to riverine floods.
The growing intensity of rainfall, exacerbated by
climate change, has increased the occurrence of
flooding events in the Koshi basin (UNFPA 2017).
The Nepali part of the basin suffers more from flash
floods, whereas Bihar downstream is susceptible to
both flash floods and riverine floods. In 2016, floods
affected over 2.2 million people along the Ganges,
including in Bihar’s capital Patna. It is officially
estimated that the flood-affected area in Bihar has
increased from 2.5 Mha in 1954 to 7.3 Mha in 2016
(Bandyopadhyay 2017).
Global climate change is expected to exacerbate
current and future stresses on water resources
from population growth and LULCC, and increase
the frequency and severity of floods and droughts
(UNWWAP n.d.).
Extreme events are becoming more common in
the region, and impact water availability in varied
ways (Karki et al. 2017; Wijngaard et al. 2017).
Infrastructure related to domestic water use such
as water intake tanks, storage tanks, and piped
systems are very vulnerable to extreme climate
events or hazards such as landslides and floods. In
mountainous areas, slope failures are very common
during the monsoon. When disasters disrupt the
water supply system, communities may be forced to
stop using it and have to look for alternatives.
These water-related calamities have gendered
consequences, as they make women and children
more vulnerable. As has been discussed in
subsection 3.3.4, 21 of the 27 districts in Nepal’s part
of the basin have more women than men due to
male migration exacerbated by droughts (CBS 2011).
In Bihar too, migration is high; however, unlike in
Nepal, it tends to be within the country. But those
left behind, women in particular, have to bear the
brunt of varied natural disasters.
Water quality and sanitation can also be severely
compromised, especially during the monsoon
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season. During this season, water sources are
likely to be contaminated by dead bodies, decaying
matter, and waste. In mountainous areas, water
contamination has led to diarrhoeal and cholera
epidemics that have killed many children, and even
adults in vulnerable populations.
Atypical events such as earthquakes can severely
impact local water supply facilities as well. For
instance, the 2015 earthquake in Nepal caused
more than 5,000 springs to dry up, according to the
Nepali government (Khanal 2016). It destroyed half
the water systems in affected areas, leaving many
people with no access to drinking water for a few
weeks (Rai 2015). Earthquakes can also impact the
dynamics of springs; existing springs can dry out
and new springs may emerge.
The extensive soil erosion and landslides in the
upper catchment areas of the basin can damage
water sources and spring water collection tanks in
the hills. Due to strong erosion, the river also has a
very high level of silt discharge and sedimentation.
The Koshi accounts for a quarter of Nepal’s total
river run-off and is responsible for about half
of Nepal’s soil erosion (Nayak 1996). The river’s
channel shifts with sediment deposition, which
directly affects the people settled in this basin
(Moench 2010). Minimizing the high sediment
load, and stopping the water level from rising due
to the sedimentation are key tasks in watershed
management in the Koshi catchment area (Sinha
1998).

3.6.2. Effects on agriculture
Agriculture is the sector most prominently affected
by disasters in the KRB. The UNDP has estimated
that disasters cause a 5‒35% loss of production
in agriculture annually (UNDP 2013). Floods,
landslides, and droughts are the main causes of
damage to agriculture in the basin. Droughts and
reduced flows affect irrigated agriculture during
the dry season, and floods affect the monsoon
crops. For instance, in 2016‒17 in Nepal, 127,000
ha of agricultural land were damaged by natural
disasters. In the first eight months of 2018, the
rainfall was more than the average, due to which
around 145,000 ha of paddy, maize, millets,
vegetables, fruits, and even fishing ponds got
damaged (GoN 2018).
Floods cause the most damage to agriculture
in Bihar’s portion of the Koshi basin. Table 22
presents the tangible and intangible losses due
to floods in the Koshi basin in Bihar during
1991‒2010. During this period, major, recurrent

floods occurred in 1998, 1999, 2000, 2001, 2002,
2003, 2004, 2007, and 2008, roughly once every
two years on average. About 78 million people
from the whole of Bihar, and 12 million livestock,
were affected. An estimated INR 1,844,285,000/
year in revenue was lost due to floods in the Koshi

TABLE 22

basin in Bihar between 1991 to 2010 (Table 22).
The losses are mostly from the loss of agricultural
land, crop damage, death of livestock, and
damage to agriculture-related public and private
infrastructure, such as roads, storage houses, and
irrigation canals.

SOCIOECONOMIC IMPACTS OF FLOODS IN THE KOSHI BASIN IN BIHAR, 1991‒2010

Type of damage

Numbers affected

Monetary damage
(INR ’000)

Average annual
damage/loss

Houses damaged

2,149,000

16,433,800

INR 821,700,000

20,286,100

INR 1,014,300,000

Damage to public infrastructure (INR)
Human deaths

3,434

172

Humans affected

77,924,000

3,896,200

Animals affected

12,814,000

640,700

39,518

1,976

11,533,700

576,685

Animal deaths
Damage to agricultural land (ha)
Monetary value of crop damaged (INR)
Total tangible loss/year (INR)

16,569,500

8,285,000
1,844,285,000

Source: ANSISS (2015)

3.6.3 Vulnerability of hydropower
Hydropower plants are vulnerable to changes in
the hydrological regime caused by climate change.
Other environmental risks they face include the
direct impacts of natural hazards such as GLOFs,
earthquakes, and landslides (Pokhrel et al. 2009).
Several such hazards have impacted hydropower
plants in the Nepali part of the KRB. The most
recent ones are the destruction of the Upper
Bhote Koshi HEP by the 2015 earthquake and a
GLOF in Tibet in 2016. The Jure landslide of 2014,
mentioned in subsection 2.6.2.4, severed nearly
67 MW of hydropower capacity in Nepal. The
subsequent landslide dam outburst flood (LDOF)
that occurred submerged a 5 MW plant, and caused
a disconnection in the power supply of the Bhote
Koshi and Sun Koshi hydropower plants (Bhatt
2017).
Reservoir sedimentation also forms a risk imposed
by the environment. Floods will likely increase
sedimentation or debris flows, thereby reducing
hydropower productivity (Bhatt 2017). For example,
the Kulekhani I reservoir lost more than 21
million m3 of water, 25% of its capacity, due to
sedimentation during 1982‒2004 (Sangroula 2006).
The capacity of the 20 MW Kataiya HEP in Bihar
reduced to 13.6 MW due to siltation (Pun 2008).

3.6.4. Hazards faced by ecosystems in
the basin
Climate-related hazards severely impact forests
and biodiversity in both upstream and downstream
parts of the basin. Hydrological changes due to
climate change alter environmental flows and
ecosystem services (Chaudhary and Sah 2016).
Unpredictable riverine flows may affect biodiversity
either by flooding or reduced flows. Reduced
water flows to the floodplains can lead to a loss in
wetlands and grasslands, and the gradual loss of
riverine vegetation and moist forests due to changes
in floodplain connectivity (Baral and Thapa 2016).
This ultimately impacts waterbirds, fisheries,
wildlife, and local livelihoods. Others have argued
that flooding and changes in river courses may
cause a high loss of crocodile eggs and hatchlings
(Shah and Paudel 2016). On the other hand, Sah
(1997) mentioned that alterations in flow regimes
increase vegetation coverage, which provides
crocodiles alternative habitats, hunting grounds,
and access to other ponds. According to Baral and
Thapa (2016), flooding may result in a loss of nesting
trees to waterbirds such as herons, egrets, storks,
cormorants, and birds that nest on river banks,
such as terns and pratincoles.
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Excessive sediment deposition and siltation of
wetlands, which has blocked the Koshi barrage,
degrades the habitats and gravely impedes the
migratory routes of aquatic species (Manandhar
2016).
A word about forest-dependent species. The
earthquake of 2015 and its aftershocks damaged
pine forests and lower temperate broadleaved
forests in six districts of the Koshi basin. At least
200 Himalayan yew trees (Taxus wallichaina) were
lost in landslides triggered by the earthquake in
Dolakha district (MoSTE 2015).
Extremely dry weather and intense heat can
instigate forest wildfires, which very gravely impact
the functioning of plant and animal species and
also cause deaths on a large scale. The destruction
of vegetation and the burning of dead logs would
negatively affect small ground animals and
territorial animals (Kinnaird and O’Brien 1998).
This may also affect the food chain as the decline in
the number and variety of species places additional
stress on predators that thrive on small animals.

3.7.

Relevance for river basin 		
management

Adequate spatial and temporal availability of water
and properly balancing its uses by different sectors
such as households, agriculture, and energy, and
by the ecosystem itself is vital for integrated river
basin management.
In order to secure the future of the Koshi River
basin and its dependent communities, it is vital
that a holistic, integrated river basin management
system be put in place. It should focus on equitable
benefit-sharing, disaster risk management, and
resilience-building. This will not only ensure that
the eco-hydrological health and utilitarian services
of the river are secured, but will also address the
socioeconomic development of the basin’s women
and men, the poor, and marginalized communities
(Pradhan et al. 2021).
The foregoing analysis in this chapter suggests that
there are competing demands for water by various
sectors and that, hence, water management in the
KRB is a challenging task. The demand for water
depends on socioeconomic and environmental
conditions. A sound understanding of likely
scenarios based on biophysical conditions, gender
dimensions, and socioeconomic trends is important
for effective planning and management.
Adequate water supply is vital to human survival,
livelihoods, the economy, and sustainable
development. Poor access to water constrains
sanitation in rural areas. Similarly, the lack of
water can limit livelihood activities, especially in
agriculture, and constrain economic opportunities.
There has been an overall decline in the water
available for domestic and agricultural uses in
different parts of the KRB. The availability of water
also varies across different seasons, which makes
water management more challenging. The basin’s
residents experience acute water scarcity during
the winter and spring. Therefore, a better temporal
understanding of water availability and demand
at the basin scale can support water resource
planning, distribution, and management for
various water use sectors.
The responsibility of managing the household
demand for water, and their productive roles has
primarily shifted the burden of labour onto women.
Such conditions are more prevalent where men
have out-migrated elsewhere within the country or
abroad in search of employment. Women’s burden
of having to labour has been further complicated
in recent years by the adverse impacts of climate
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change and the variability in water quality and
quantity. For equitable benefits of the resource,
river basin management needs to integrate a gender
equity and social inclusion (GESI) perspective and
promote an integrated perspective across sectors
(such as the dependence of the agriculture sector
on water and forestry).
An old challenge in the basin has been frequent and
devastating floods. Floods are constituted by a lot
of water, silt, and energy, all in devastating roles.
However, these three elements, in themselves,
are also vitally important and beneficial to
people’s lives and livelihoods. If these three
elements were altered from their devastating
roles to being beneficial by adopting a basin-wide
water management approach, floods could be
transformed from a bane to a boon.
A basin-wide approach has been implemented
in other parts of the world for the optimal
development of hydropower. These experiences
have shown that an integrated river basin approach
ensures maximum economic benefits and minimal
environmental impacts. Such an approach would
be appropriate for hydropower development in the
Koshi River basin.
Integrated river basin management needs to
integrate upstream‒downstream linkages with

a gendered lens. These sometimes operate at
different scales. Water availability and its uses are
relevant at the local scale, and upstream watershed
management practices can affect both the quantity
and quality of water downstream. Therefore,
understanding upstream‒downstream linkages at
the relevant scale for water uses is very important
in the context of IRBM (Nepal et al. 2018, 2019).
IRBM emphasizes a cross-disciplinary
understanding of water, land, and other
related resources in river basins for their
long-term sustainability. Both terrestrial and
aquatic ecosystems play important roles in the
hydrological regime and water management of
a river basin. Upstream terrestrial ecosystems
of a river basin are important for groundwater
recharge, and maintaining stream flows during
lean seasons. Aquatic ecosystems are important
for their recharging abilities, the conservation
of water, and flood-containing capacities (James
n.d.). They contribute to food production,
biodiversity preservation, and meeting the
needs of communities. The strong links between
upstream and downstream ecosystems for
maintaining the quantity and quality of water,
biodiversity conservation, and food supply needs
to be incorporated, along with a GESI lens, for an
integrated and sustainable management of the
Koshi River basin.
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CHAPTER 4

A river basin
approach to water
governance in the
Koshi River basin
This chapter discusses institutional
arrangements for a river basin
approach to water governance. It
reviews water policies and practices
at different scales. It also reviews
current approaches to cross-border
cooperation in the Koshi basin, and
suggests ways to develop it further.
Vaidya, R. A., Pradhan, N. S., Sinha, S., Neupane, N., Wester, P. (2022).
A river basin approach to water governance in the Koshi River
basin. In R. A. Vaidya, A. B. Shrestha, S. Nepal, & K. Shrestha (Eds).
The Koshi River basin: Insights into biophysical, socioeconomic, and
governance challenges and opportunities. ICIMOD.
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KEY MESSAGES

A river basin approach is needed
for the coordinated development
and management of water
resources, and to increase
societal benefits, economic
efficiencies, and environmental
sustainability. This calls for wider
stakeholder participation, policy
harmonization, appropriate
institutional arrangements, and
the inclusion of women and other
marginalized communities at
local, national, transboundary,
and regional scales.
China, India, and Nepal do
have policies for community
participation in water
management in place. However,
there is need for a more effective
implementation of such policies,
focusing in particular on women,
the poor, and marginalized
communities.

4.1. Introduction
The major components of Elinor Ostrom’s social‒
ecological system (SES) framework include the
water resource system and related ecosystems,
discussed in chapter 2 of this resource book, and
water resource units and their users, covered in
chapter 3. In this chapter, we discuss governance
systems, which refers to “the prevailing set of
processes or institutions through which the rules
shaping the behaviour of the users are set and
revised” (Ostrom 2009). A recent review of literature
on institutional arrangements for water governance
concluded that the common-pool resources school
of thought led by Ostrom has been the dominant
one in this area (Hassenforder and Barone 2018).
We will try to adopt that school of thought in
the context of a river basin approach to water
governance in the Koshi River basin (KRB).
In section 4.2, water policies and practices in
the countries of the KRB are reviewed, covering
geographical scales from the local to the
national. The harmonization of these waterrelated institutions in the basin may be crucial to
advancing the
means by which to infuse order, thereby to
mitigate conflict and realize mutual gains
(Williamson 2010, p 674).
In section 4.3, current approaches to cross-border
cooperation in the KRB are reviewed and ways
suggested to develop it further. Cooperation
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between the countries in the KRB can be viewed as
a process of solving social dilemmas, which
refers to a large number of situations in which
individuals make independent choices in an
interdependent situation (Ostrom 1998, p 3).
Reciprocity, as exhibited by past actions is,
therefore, at the heart of cooperation.
Section 4.4 discusses a river basin approach to
cross-border cooperation, facilitated by a basinlevel coordinating body supported by policies
and institutions in each country and a platform
for dialogue towards harmonization of the
“beliefs” (Basu 2018) of stakeholders. An essential
aspect of river basin management is facilitated
dialogue and negotiation among all the basin’s
stakeholders (Delli Priscoli 1996, p 33) for the
successful coordination of their activities. For such
a successful coordination, the expectations of the
countries and provinces in the KRB must converge
on a socially optimal “focal point” (Schelling 1960).
Such a convergence may result if
it is in each country’s interest to approach
that optimal focal point so long as others are
expected to do likewise (Vaidya, Yadav et al.
2019, p 20).

4.2. National, provincial, and local
water policies and practices
In this section, we review the water policies and
practices in the countries of the KRB ‒ China,
Nepal, and India ‒ covering geographical scales
from the local to the national.

4.2.1. Coordinated development and 		
management of water resources
In the development discourse and practice related
to water resource management at the river basin
scale, community and user participation have
become increasingly important issues. In order to
increase water use efficiency and equity in water
projects, a greater involvement of people, especially
of women and marginalized groups, is considered
critical in decision-making and the implementation
and evaluation of water management practices.
The Water Law of the People’s Republic of China
(2002) allows counties to manage water users’
associations (WUAs) based on boundaries of water
resources instead of administrative boundaries.
The WUAs provide opportunities for users to
enhance their participation while increasing the
efficiency of the WUAs. They receive funds from
local governments to establish large irrigation
projects and manage irrigation, but this does not
include the management of the WUA (Chai and
Shoon 2016). In 2014, there were 834,000 WUAs
that maintained 284 million mu, or roughly
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18.93 million hectares (Mha) of farmland,
comprising 29% of the country’s total irrigated
area (Yao et al. 2017). This dependence on the
local government could be seen in Tibet as well.
The local government was involved in setting up
institutions and guidelines to aid the WUAs there.
However, in China, user participation is associated
with government agencies. Also, the WUAs often
lack administrative capacities as Chinese farmers
still trust the central government and village
communities more than WUAs (Chai and Shoon
2016).
In Nepal, the 2002 Water Resources Strategy ‒
which laid the foundation for the 2005 National
Water Plan (2002‒2027) ‒ recommended
strengthening WUAs in Nepal (MoEWRI 2011).
The 2005 Plan document has fostered farmermanaged irrigation systems (FMIS) and Nepal
has good examples of them (Box 1). The empirical
evidence shows that the FMIS mechanism has
been able to perform better in Nepal than agencymanaged irrigation systems (AMIS) by involving
local communities in irrigation (Ostrom et al.
2011; Regmi 2008). The efficiency of FMIS can
be enhanced by creating a set of credible and
well-enforced rules, which would act as positive
incentives for local farmers to participate more
actively. The Local Self-governance Act (MoLJ
1999) and the Local Government Operation Act
2074 (RERP 2017) focused on increasing user
participation at all levels. Better coordination
between the bureaucracy and local communities
will aid in better and informed decision-making
(Regmi 2008).
In India as well, successive water policies
(MoWR 1987, 2002, 2012) have given considerable
importance to developing user participation.
Significantly, the National Water Policy (MoWR
2012) gives WUAs statutory status, thereby enabling
increased user participation and strengthening
their decision-making abilities. WUAs have the
authority to collect and distribute the water in
their jurisdiction, but can fix the price of water
only after consultation with the relevant water
resource authorities at the state level. Bihar has
also established WUAs by invoking the Bihar
Irrigation Act, 1997 (GoB 1997) and the Bihar
Irrigation, Flood Management and Drainage Rules,
2003 (GoB 2003). There are 80 WUAs working in
the state, which control a combined area of 209,470
hectares (ha). The WUAs are currently limited to
performing managerial and administrative tasks.
They need to actively participate in policy-making
and in designing irrigation projects, and the power
structures within WUAs need to be effectively
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understood (Cullet 2015; Gaur and Amerasinghe
2011; Narain and Narayanamoorthy 2016).
4.2.1.1. VARIABLE INCLUSION OF WOMEN AND 		
MARGINALIZED COMMUNITIES

User participation needs to have a specific
and differentiated focus on women and other
marginalized groups. Women and other
marginalized communities are included to varying
extents in water policies in the three countries
of the KRB. Whereas India and China do not
specifically mention women and marginalized
communities, laws in Nepal touch upon the roles
and responsibilities of these groups in decisionmaking processes. However, social factors
contribute to discrimination against them in India
and Nepal, whereas China has relatively strong
social values relating to gender.
Water policies and regulations in China focus on
the overall development of communities, but there
is no significant mention of women in them. The
Water Law of the People’s Republic of China (2002)
did not include or specify the role of women in
areas relating to water resource management and
as providers, users, and guardians of the living
environment. Other regulations, such as the 2006
Regulation on Water Abstraction Permits and Water
Fee Collection Management, deal with addressing
the water needs of the vulnerable sections in
society but not of women specifically. Provisions
in the law for setting up WUAs are also silent about
the participation of women as members (Caizhen
2008, 2009). Although women participate actively
in irrigation practices, there is certainly a void in
terms of representation of, management by, and
leadership of women in decision-making processes.
Nepal’s water and irrigation policies promote
women’s participation not only in management but
also in decision-making processes as managers
and leaders. Nepal has tried to develop the role
of women in decision-making through a gradual
process. For example, the 2005 National Water
Plan (2002‒2027) (WECS 2005) promotes the
equal participation of women and marginalized
communities in water user groups (WUGs). It
encourages more female participation in FMIS and
emphasizes the importance of female farmers in
implementing micro-irrigation activities (Pradhan
and Dhungel 2015). The draft National Water
Resources Policy also actively encourages the
participation of women and other marginalized
communities in water resources management
(GoN 2016).

However, although Nepal has been able to formally
enhance the role of women in water management,
there is still substantial male bias prevalent in
society and the work culture. Men have greater
bargaining power and tend to be more assertive
in decision-making. For example, in Dhankuta
district, three female water supply and sanitation
technicians had to resign as their work was
considered labour-intensive and much more
suitable for men than women (Regmi and Fawcett
2001). There have also been instances of castebased discrimination regarding water distribution
in Nepal, in which Dalits have been barred from
using public taps (Yadav 2014).
In India, the National Water Policy, 1987 paid little
attention to women in particular, although it did
mention taking care of the needs of marginalized
communities (such as scheduled castes, scheduled
tribes, and other backward classes). The National
Water Policy, 2002 proposed the direct involvement
of women in WUAs and local bodies such as
municipalities, panchayats, and others, while
retaining earlier policy provisions for marginalized
communities. India’s National Water Policy (2012)
focuses on addressing the needs of women and

BOX 1
FARMER-MANAGED IRRIGATION SYSTEMS IN
THE KRB
Nepal has a very good experience of community-based
water resources management. Water user groups
manage irrigation systems widely in Nepal. Farmermanaged irrigation systems (FMISs) are among the
active institutions at the grassroots in Nepal. It is
estimated that there are 15,000 FMISs in hill areas and
roughly 1,700 such systems in Nepal’s Terai; 40% of
the country’s food production is produced under such
systems. Their performance is better than agencymanaged irrigation systems in terms of water use
efficiency, cropping intensity, and crop yields, and as
a result are considered better for climate change, food
security, and generating local employment.
There is no estimate about how many FMISs exist in
the KRB in Nepal. However, in the Indrawati sub-basin
in Sindhupalchok district, 119 such systems have been
identified, and operate 2,100 ha, which is less than 20
ha of command area for each FMIS. An inventory of

other marginalized communities in various
projects. The National Agriculture Policy (MoA
2000) and the National Policy for Farmers (MoA
2007) did specify the role of women as water
users in terms of accessibility and management.
Regarding Bihar in particular, the draft Bihar Water
Policy (GoB 2010) allows for women’s participation
in village water and sanitation committees.
However, while the Bihar Irrigation Act, 1997
promotes participatory irrigation management, it
does not explicitly mention engagement by women
or socially excluded sections.
Hence in India overall, water policies reflect the
limited involvement of women and marginalized
communities in water management.
All the three countries can perform much better
in terms of gender equality and social inclusion
(GESI). While China has a relatively better
participation of women, it needs to enhance their
role in decision-making processes by providing
them more representation in water policies. Nepal,
which has focused on GESI, might have to examine
cultural biases still existing in society. India needs
to improve on both fronts; better representation in
policies and societal reforms are both needed.

irrigation systems in Dolakha and Okhaldhunga districts
reported having 237 and 292 units of FMISs respectively.
FMISs have also faced many challenges in Nepal,
including in the KRB due to biophysical and
socioeconomic drivers such as climate change,
reduced water availability, floods, droughts, labour
shortages, and other factors (Pradhan 2000). Some of
these have made repair and construction work more
costly. As a result, the command area of many FMISs
has decreased over time. Social heterogeneity is one
source of inefficiency in some FMISs (Neupane 2011).
In order to make FMISs more adaptive and dynamic,
their institutional and governance components need to
be further strengthened with the broader approach of
river basin management and incorporating upstream‒
downstream linkages, strengthening the participation
of different strata of society in decision-making, and
with a GESI perspective. By addressing the challenges
mentioned above, FMISs could contribute to national
food security through improved crop production and
can be a vibrant option for resilient livelihoods as it
is the best option for climate change adaptation and
coping with extreme events in Nepal.

Source: Pradhan 2012
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4.2.2. Private sector participation in the 		
water sector
In the KRB, public sector involvement in generating
hydroelectricity is prominent in all three countries.
India and Nepal have agreements regarding
sharing hydroelectricity but there have been
hurdles because the benefit-sharing mechanisms
are inappropriate and non-transparent.
The private sector is becoming an important
stakeholder in the water sector. However, private
sector governance requires strong policies that
ensure stability for private entities.
To what extent do the three countries encourage
private sector participation? China initiated
private participation in the water sector from
the 1990s. In 1997, China introduced the Water
Management Pilot Scheme that liberalized water
tariffs for projects with foreign capital. In 1998,
the government introduced the Urban Water Price
Regulation that allowed local governments to set
tariffs that guaranteed foreign investors assured
returns on their investments (Wu et al. 2016). In
2004, Management Measures for Concession of
Public Utilities (MoC 2004), and the Circular on
Accelerating the Reform of Water Price, Promoting
Water Saving, and Protecting Water Resources were
implemented to adjust water tariffs at a rational
level (Zhong et al. 2008). Currently, around a third
of the public‒private partnerships (PPPs) in China
belong to the water sector. The private sector also
helped budding small-scale water supply projects in
China, which improved the quality of service, and
the efficiency and coverage of these projects (Sheng
et al. 2011). In the Tibet Autonomous Region (TAR),
the government provided economic incentives for
private companies or individuals to deliver public
services that include water supply (Shiyong 2009).
The private sector in Nepal is involved in delivering
better quality water to the people, especially in
Kathmandu, but these vendors often charge higher
prices compared to what the Water Board does.
The government can legislate to supervise private
players regarding the quality and price of water
(Shrestha 2017).
The government of Nepal has for long recognised
the role of the private sector in harnessing water
resources; its direct and indirect involvement in
generating hydroelectricity has increased over
the years. The government promulgated the
Hydropower Development Policy (MoWR 1992)
and the Hydropower Development Policy, Nepal
(NLC 2001) a decade later with the necessary
amendments to attract private sector investment
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in hydropower. Of Nepal’s total hydroelectricity
capacity, roughly 23% is operated by the private
sector.
Hydropower generation was also linked with the
Environment Protection Act and Rules and the
Local Self-governance Act (MoLJ 1999) to make
them more concrete and enable private sector
participation. The Water Resources Act of 1992
and the National Water Policy 2005 also promote
hydroelectricity recurrently. The Nepal Electricity
Authority (NEA) is responsible for setting tariffs
for hydroelectric projects. Notwithstanding tariff
collection, the benefit-sharing mechanism is
equally important in enhancing local governance,
conflict resolution, and sustainable hydropower
development in Nepal. There are five types of
benefit-sharing mechanisms in hydropower in
Nepal (Box 2).
In India, the 2002 National Water Policy, India
increased the scope of private sector participation
in the planning, management, and development of
water resources (MoWR 2002). However, although
the 2012 National Water Policy mentioned private
sector participation, through PPPs in association
with local governmental bodies (MoWR 2012), the
number of PPP programmes in the water sector
in India remains low. There are around 107 water
and sanitation PPP projects, comprising 8% of
the total number of PPP projects (Bhardwaj 2017).
The central government’s Mega Power Projects:
Revised Policy Guidelines (MoP 1995) and the Policy
on Hydro Power Development (MoP 1998, 2008)
sought to enhance the role of the private sector
participation in hydropower generation. So did The
Electricity Act, 2003 (MoLJ 2003). Notwithstanding
these policy efforts, it is still the public sector
that is producing a major share of it. In Bihar, the
State Energy Regulatory Commission (BERC) and
the Bihar State Hydroelectric Power Corporation
Limited (BHPC) are responsible for managing
hydropower generation. The government needs
to update its energy royalty policies according
to the 2001 hydropower development policy.
There is a need to establish a better link between
hydroelectricity and energy security (Shrestha
2017). The policy can also be extended to promote
poverty alleviation and employment. Nepal
and India also need to ensure that adequate
compensation reaches the people affected by the
construction of hydroelectricity projects, such as
Saptakoshi (Khatiwada 2014).
In Bihar, private sector participation in urban
centres occurs usually through ‘soft’ PPP contracts
such as the Performance-based Construct and

Operate Contract (PBCOC) (Tamaki 2016). In rural
Bihar, some private sector participation happens
through the Bihar State Water and Sanitation
Mission (BSWSM), in facilitating programmes
and providing technical support. Hydroelectricity
governance and private sector participation is
important for the KRB as it has transboundary
repercussions.
Displacement and rehabilitation are major
challenges in all the three nations. All of them have
policies and programmes relating to displacement,
such as India’s National Rehabilitation and
Resettlement Policy, 2007 (MoRD 2007) and
Nepal’s Land Acquisition Act, 1977. However, these
countries need to be more considerate about their
displaced populations. Benefit-sharing in both
public and private sector projects need to be an

BOX 2
BENEFIT-SHARING MECHANISMS IN HYDROPOWER
IN NEPAL
The generation of hydroelectricity is considered a
remunerative use of river water in Nepal. Consequently,
all three models of hydropower development – public,
private, and PPP – coexist in Nepal.
A fair distribution of hydropower’s benefits, costsharing, and adequate compensation for affected
vulnerable and marginal groups are critical to good
governance in hydropower. There are primarily five
types of benefit-sharing mechanisms in the hydropower
sector in Nepal:
a. Royalties: In which royalties are collected from
hydropower projects and the revenues distributed
to communities through local government. The
local governments spend these funds for local
development including electricity infrastructure.
b. Equity investment: Shares in hydropower projects
are offered to local residents
c. Support for local livelihoods: Promoting
employment, training, and local livelihoods
d. Augmenting local infrastructure through corporate
social responsibility (CSR) funds in health,
education, irrigation, municipal water supply, and
other areas

important part of governance and basin-wide water
resources management in the KRB.

4.2.3. Policy focus on poor and 			
marginalized communities
The three countries of the KRB have tried to
increase the outreach of drinking water and
sanitation programmes by decentralizing the
responsibility for them. In Nepal, increasing the
outreach of these programmes has improved
the availability of facilities pertaining to water,
sanitation, and hygiene (WASH) (Box 4). India needs
to improve both its urban and rural outreach. While
the Centre and states have impressive policies (Box
3), their effective implementation will create better
living standards.

e. Protecting the environment: Such as through
payment for ecosystem services (PES)
Each of these mechanisms has its pros and cons and
each has room for improvement. For example, with
the royalty mechanisms, barring a few exceptions,
there is no clear path to it directly reaching the affected
village development committees (VDCs). Equity
investment mechanisms allow for a 10% share to the
local community, but there is little clarity regarding
how that figure has been arrived at and why, say,
it is not 15%. As for local employment generation,
jobs tend to be generated by these projects mainly
during the construction phase, which requires both
skilled and unskilled labour. Local people tend to get
the latter as there is often a lack of skilled workers in
affected communities. Demand for unskilled workers
tends to diminish once the project infrastructure gets
built. Regarding CSR, all the community development
activities conducted as part of compensation or
mitigation measures are considered CSR activities;
however, an activity can be considered part of CSR only
when the funding for it happens voluntarily. Finally,
there are challenges in operating PES due to conflicting
interests among different stakeholders and ambiguous
water rights. These varied shortcomings suggest that
the different stakeholders ‒ governments, hydropower
companies and investors, other private sector entities,
and even the local communities ‒ should come up
with better solutions for sustainable hydropower
development in Nepal.

Source : Shrestha et al. (2016), ICIMOD benefit sharing report (page 142)
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In China, the 2002 Water Law of the People’s
Republic of China remains the nodal policy for
guiding clean drinking water programmes in rural
and urban areas. Article 54 of this law states that
governments at all levels must take active measures
to provide drinking water to urban and rural areas.
In municipal areas, regulations such as the Urban
Water Supply Regulations (1994), Regulations on the
Administration of Water Abstraction Licensing and
Collection of Water Resources Charges (2006), and
the Urban Water Supply Quality Regulations (MoC
2007) oversee water supply to urban populations.
Municipalities are also responsible for preparing
comprehensive municipality plans. In addition,
supply permits are held by public water supply
entities that provide water to end users (Cosier and
Shen 2009).
China has decentralized its rural water supply and
sanitation (RWSS) policy while implementing its
rural water and sanitation projects all over China.
The National Patriotic Health Campaign Committee
(NPHCC) is the pivotal authority for coordinating
programmes at the national, provincial, and
county levels. Provincial and county governments
oversee the implementation of RWSS policies and
directives laid down by the central government
and the NPHCC. The management of water supply
is delegated to the lowest possible level (the village
committee). China also introduced the China
Central Committee and State Council Resolution
Related to Rural Health Reform and Development,
and guidelines about rural health reform and
development to promote health education actions
that include awareness about sanitation and
hygiene (Shuchen et al. 2004).
In Nepal, the National Water Supply and Sanitation
Sector Policy 2014 (MoUD 2014) enhances the
access of women, children, Dalits and physically
challenged people to sanitation services. The policy
also encourages the participation of women and
marginalized communities in decision-making at
multiple levels.
Nepal’s policies in this domain include the
Sanitation and Hygiene Master Plan (GoN 2011),
National Drinking Water Quality Standards (DWSS
2005), the Rural Water Supply and Sanitation
National Policy (2004), and the Rural Water Supply
and Sanitation National Strategy (2004) (MoPPW
2004). The Ministry of Water Supply, and the
Department of Water Supply and Sewage are
responsible for formulating policy related to water
supply and sanitation. At the local level, the Local
Self-governance Act remains the key legislation for
the division of functions and the administration
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of policies. The National Water Plan (2002‒2027)
(WECS 2005) also focuses on strengthening
institutions that are backed by acts and guides,
and monitors and evaluates water policies at all
government levels through the Water Supply and
Sanitation Institutional Strengthening Programme
(WSSISP). Legislation such as the Drinking Water
Revenue Commission Act (WECS 2006), Nepal
Water Supply Corporation Act (NLC 1989), and Total
Sanitation Guidelines (MoWSS 2017) have been
instrumental in managing water and sanitation in
Nepal.
Drinking water and sanitation coverage in districts
of the KRB has been uneven. In Dhankuta, the
coverage of both improved drinking water and
sanitation is lower than the national average,
and thus needs more resource inputs. Bhojpur
and Morang fare better (He et al. 2018). One
reason for this heterogeneity may be the decisionmaking abilities of the local institutions in these
districts. The local bodies play an important role
in management and administration, but they have
limited decision-making powers. More financial
leverage can be given to local bodies to improve.
Also, there is a need to increase the availability of
water and sanitation facilities to poor populations
in rural areas (Magar 2003).
In India, providing water and sanitation services
comes under the state list in the Constitution. The
State Water and Sanitation Mission is the nodal
authority for implementing drinking water and
sanitation programmes in India. The 11th Schedule
also permits state governments to entrust some
subjects, such as drinking water and sanitation,
minor irrigation, and watershed development to
panchayats or the local government bodies. At the
central level, the Ministry of Housing and Urban
Affairs deals with urban water and sanitation
programmes. It formulates policies, advises
the states on policies, and provides technical
assistance through the Central Public Health
and Environmental Engineering Organisation
(CPHEEO) and the Urban Water Supply
Programme. The Ministry of Drinking Water and
Sanitation (MoDWS) formulates policies for rural
water supply and sanitation.
In Bihar, the State Water Mission 2010‒2014 gives
importance to providing water and sanitation
facilities to every household, encourages
community participation, and helps improve the
scope for technical assistance (GoB 2010; Samanta
2017).

BOX 3
INDIA’S SWACHH BHARAT ABHIYAAN
The Swachh Bharat Abhiyaan (Clean India Mission) was
launched in 2014 to accelerate the efforts to achieve
universal sanitation coverage. Under the mission,
over 100 million toilets were built all across the nation.
All villages, gram panchayats, districts, states and

4.2.4. Integrated approach to disaster 		
management
The KRB is vulnerable to hazards like floods and
droughts. Climate change adaptation policies in
China, India, and Nepal have different ambits and
different ways of dealing with disasters. Some
hazards are not faced in all regions of the basin.
For example, the Koshi basin region in Bihar is not
directly affected by glacial lake outburst floods
(GLOFs). Having said that, climate change is having
adverse impacts all across the basin.
China’s disaster management framework focuses
on prevention, mitigation, preparation, emergency
rescue, and recovery and reconstruction. An
important attribute of its framework is its
‘single-styled’ disaster management system, in
which specific disasters are managed by specific
departments and organizations. Governments
at each level are involved in the management of
disasters and related risks. The 2002 Water Law
established the link between flood control laws
established in 1997 and laws pertaining to water.
It also empowered the local water departments to
be the authorities in charge in situations in which
the flood control laws did not operate. In 2009,
China’s State Council introduced China’s Actions for
Disaster Prevention and Reduction. China also has
several laws and supplementary laws such as the
Flood Control Law, Flood Control Regulations, and
Strategy for Drought Management (MoWR 2011),
and Temporary Regulations for Compensation
of Flood Retention Areas, which are backed by
supplementary laws.
In the TAR, the Water Resources Department
is responsible for controlling flood and drought
relief. It is also the department’s responsibility
to organize, coordinate, and supervise flood
prevention and drought relief work in the region
and implement flood control and drought relief
guidelines. In China, the water laws of 1988 and
2002 do not specifically mention climate change
and climate change adaptation, although the 12th

union territories in India declared themselves open
defecation-free (ODF) by 2 October 2019. While the
initiative has met with considerable success, it has also
faced certain challenges. For instance, most toilets
built under the Abhiyan are water-intensive, and the
availability of water has been a pressing issue in many
regions (Dutta 2017).

and 13th five-year plans and the National Action
Plan for Water Conservation discussed adaptation
measures related to water resource sectors.
Nepal’s water policies ‒ such as the 2002 Water
Resource Strategy – Nepal (WECS 2002) and the
2005 National Water Plan ‒ give considerable
importance to managing hazards like floods,
droughts, and GLOFs (WECS 2005). They also
discuss adaptive strategies and innovative ways to
enhance water storage. Nepal recently changed the
focus of its national disaster management policies,
from providing relief to a more comprehensive
approach that also included concepts like disaster
risk reduction (DRR) and management, and
identifying GLOFs. It introduced a detailed Disaster
Risk Reduction and Management Act (NLC 2017)
that superseded the Natural Calamity (Relief)
Act, 1982. This act has provisions regarding the
involvement of local governments and communities
in managing hazards. A good example in practice is
the community-based flood early warning system
(CBFEWS) near the Ratu river, a transboundary
river in Nepal and India (see Box 5).
The Constitution of Nepal (2015) also addresses
hazards such as floods and has recommended
cooperation in managing disasters between
different levels of government. The natural disaster
reports that the Nepali government publishes
each year acknowledge that GLOFs are a threat
for Nepal. The earthquake of 2015 underlined that
Nepal is highly vulnerable to natural disasters.
Nepal also has a National Adaptation Programme
of Action (NAPA) in the context of climate change
that presents an adaptation framework, identifies
key adaptation needs, and discusses climate-related
disasters, including floods. Similarly, the Local
Adaptation Plans for Action (LAPA) deals with these
challenges and strategies at the local level.
In India, national water policies for 25 years
(MoWR 1987, 2002, 2012) have emphasized the
management of floods and droughts. The latest,
National Water Policy (NWP), 2012 emphasized
improving the mechanisms for coping with floods
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BOX 4
EXPANSION OF WASH IN NEPAL
In the last 25 years, Nepal has made significant progress
in expanding the coverage of improved water supply,
sanitation, and hygiene (WASH). Nepal’s progress in
WASH is comparable with South Asian countries. In
Nepal, 95% of the households now have access to
improved drinking water and about 65% have access
to improved sanitation. The Government of Nepal
prioritizes sanitation and hygiene via creating an
enabling policy environment, inclusive governance
and planning, and a decentralized service delivery
mechanism. There is though still room for improvement
regarding sanitation in Nepal.
The Swiss development organization, HELVETAS,
initiated WASH programmes in Nepal. HELVETAS has
been working in the WASH sector in Nepal since the
1970s, particularly in in Karnali Province. Their emphasis
from the outset was on building technical capacities
to improve the operation and maintenance of water
schemes. They organized training programmes to
build the capacities of technicians, engineers, village
maintenance workers, and user groups in managerial
and technical skills. Education regarding sanitation
and health was also imparted. The involvement of
women in these programmes was prioritized. As
early as 1994, HELVETAS had completed 340 drinking
water and sanitation projects in 16 districts in Nepal,
benefiting about half a million people. Subsequently,
the Self-Reliant Drinking Water Support Programme
was introduced, which had a bottom-up approach by
conferring greater responsibility on local communities.
Under this programme, 109 schemes were constructed
during 1994‒2000, which benefited approximately
34,000 people.
Since 2000, HELVETAS has been implementing the Water
Resources Management Project (WARM-P) in six districts
of the Karnali province. WARM-P builds on the idea of
integrated water resources management at the local
level by preparing comprehensive water use master
plans (WUMPs) for VDCs, the lowest administrative units
in the country. WASH served as an entry point for the
preparation of WUMPs for local development through
(Sources: GoN 2011; Tharu et al. 2017; UNICEF 2018)
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interventions in the water sector, and sets priorities in
terms of using the available water sources and in the
implementation of related water projects. By the end
of 2015, WARM-P had supported the construction of
421 drinking water and sanitation schemes that served
about 150,000 people in 24,000 households. It also
supported the construction of approximately 28,000
toilets for 100,000 people. Additionally, it facilitated the
preparation of WUMPs for 108 VDCs.
Locally-managed schemes, ownership, and
sustainability: VDCs contribute a significant amount
of funds for the preparation of WUMPs, which helps
increase local ownership of these plans. Sanitation
has been substantially strengthened through
open defecation-free/total sanitation campaigns.
Increasingly, WARM-P includes water treatment and
storage, among other aspects of water governance. To
foster a sense of ownership, it focused on small-scale,
locally-managed water and sanitation schemes, and
emphasized the involvement of women and the poorest
segments of society. These changes reflect WARM-P’s
new outlook, one in which the construction of drinking
water and sanitary facilities are aimed at empowering
communities in terms of self-reliance and development.
The WASH sector in Nepal is characterized by a strong
policy and legislative environment. The presence
of a committed and experienced implementation
organization like HELVETAS helped the spread of WASH
infrastructure and practices with a focus on social
inclusion and equity. However, the existence of multiple
policies, a fragmented institutional set-up, many actors
working according to project-driven modalities, and the
absence of harmonization have led to the duplication
of roles and overlapping responsibilities at both the
national and local levels. Limitations in institutional and
management capacities continue to act as bottlenecks
in the effective operation, maintenance, and financial
and technical management and planning of WASH
services in Nepal. This can be achieved through a
more integrated approach that incorporates social
inclusion, and has policy coherence and institutional
harmonization at the local, provincial, and national
levels.

and the modernization of drainage systems.
The bodies that regulate and oversee disaster
management function at multiple levels – central,
state, and district ‒ and are constituted by the
National Disaster Management Act. The National
Disaster Management Authority (NDMA) is the
apex body that deals with DRR and other disasterrelated policies at the central level and is headed
by the prime minister. Similarly, state disaster
management authorities are headed by the chief
ministers in different states, and at the district level
by district magistrates (MoLJ 2005).
Bihar is the first state in India to have a DRR
roadmap for 15 years (2015‒2030) to meet the
challenges of natural calamities. In Bihar, the Bihar
State Disaster Management Authority has prepared
the State Disaster Management Plan (BSDMA 2016).
The plan engages various stakeholders at the state
and district levels. It promotes preparedness as an
approach to achieve risk reduction by seeking to

enhance resilience at various levels. Preparedness
may be common across all types of hazards, a
matter of inculcation and readiness, but prevention
and mitigation have to be hazard-specific, which
will have an effect on people affected by the specific
hazard.
India’s water policy (MoWR 2012) focuses a great
deal on climate change and adaptation to climate
change. It also focuses on support for mitigation
at the micro level by enhancing the capabilities
of communities to adopt climate-resilient
technological options. However, in addition,
the planning and management of water-related
structures such as dams, flood embankments, and
tidal embankments ought to incorporate coping
with climate change impacts in the mid-term
future. Approval criteria for new water resources
projects need to be reworked keeping in view the
likely impacts of, and having to adapt to climate
change.

BOX 5
CBFEWS IN THE TRANSBOUNDARY RATU RIVER
A community-based flood early warning system
(CBFEWS) has been in operation since 2015 along the
Ratu river in Mahottari district of Province 2 in Nepal. It
has been operated by communities here to share early
warnings about floods from upstream to downstream
areas.
The Ratu is a transboundary river between Nepal and
India that originates in the Siwalik Hills and flows into
the Terai in India. A CBFEWS with telemetry has been
installed in Lalgarh, Bardibas, in Mahottari district
of Nepal and in Bhittamore in Sitamarhi district in
Bihar, India, and jointly implemented by the local
communities, partner organizations, and the respective
government agencies, with support from ICIMOD.
The telemetry-based early warning system provides
early information about impending floods to 6,685
households with a population of 35,804 in four villages
in Mahottari district and 12,500 households with a
population of 59,600 in six villages in Sitamarhi district.
Many rivers were flooded across South Asia during the
monsoon of 2017. The Ratu River was heavily flooded
on 12 August 2017. But this time the communities
were prepared. Once the CBFEWS’ alarm at Bardibas
got triggered, the caretaker Mahendra Bikram Karki

followed the pre-determined protocol and activated
the communication channel to disseminate advance
information about the flood. The communities across
the border downstream in Bhittamore received his
warning four hours before the flood waters reached
them. People were evacuated to the safety of a school
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building and livestock was moved to higher ground,
thereby drastically reducing the loss of lives and
livelihoods in comparison to past floods in this floodprone region.
With the federal restructuring process in Nepal, the
previously formed institutional arrangement for
CBFEWS needs to be updated and reorganized. It needs
to include representation from the local community,
including vulnerable groups and women, and members
of local government, to nurture a feeling of ownership of
the programme among the local community and within

the local government. It would encourage the local
government to financially support the CBFEWS, which
is important for its sustainability. It is also important to
link the local institution with the provincial, national,
and transboundary disaster-related institutions so that
the early warning, relief, and rehabilitation programmes
can be conducted in a coordinated manner. Filling this
institutional gap would add value to the ongoing smallscale CBFEWS in Ratu. Towards this end, ICIMOD’s Koshi
Basin Initiative is engaged in creating a disaster hub in
the Koshi basin at a transboundary scale.

(Source: Adapted from Pradhan and Pandey 2019)

4.2.5. Informed decision-making about 		
water resources management
Data-sharing has been a complex issue, both
regionally and within India, Nepal, and China. The
data-sharing mechanism is centralized in China.
The 2002 water policy and the Flood Control of
the People’s Republic of China (FAO 1997) briefly
mention sharing data at the local level and with
other water-related departments. This includes data
pertaining to hydrology, water resources, floods,
droughts, irrigation, and hydraulic engineering.
China has a water resources scientific data sharing
(WSDS) mechanism based on the scientific sorting
of data and the use of software applications. China
has impressive and rigorous mechanisms for the
collection, reorganization, and publication of data,
but they may lack certain mechanisms to share
the information (Geng et al. 2007). China has some
transboundary agreements with other countries in
the form of a ‘cooperation mechanism’. They have
established an expert-level mechanism for sharing
hydrological data with India.
Nepal’s water resources strategy (WECS 2002) and
the National Water Plan emphasize procedures
that involve data-sharing. The 2002 strategy
stressed generating up-to-date and reliable data
and a method of ensuring that the information is
available to users and institutions in an appropriate
form and timely manner. It gave the Department
of Hydrology and Meteorology the responsibility of
guiding all data processes. The Water and Energy
Commission Secretariat (WECS) was assigned the
task of developing and maintaining an integrated
and centralized database for the compilation,
storage, and retrieval of information relating to
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water resources development throughout the
country. The water resources strategy also had
provisions that empowered the Groundwater
Regulation Authority to collect data relating to
groundwater.
Nepal’s National Water Plan (WECS 2005)
emphasizes the importance of internal and
external data-sharing and includes provisions for
its exchange with neighbouring countries as part
of what it called ‘regional cooperation’. It promotes
the involvement of local organizations in datasharing and the dissemination of flood-related data
at local levels. It also links water-related data with
the broader environment to get an overarching
picture about water resources (Shen 2009). The
Draft National Water Resources Policy includes
provisions to develop mechanisms for data-sharing
at all levels – central, provincial, and local (GoN
2016). It encourages the gathering of up-to-date
information pertaining to surface water and
groundwater at the basin level. The preparation
of WUMPs at the local level has demonstrated
the importance of collecting and analysing
hydrological and socioeconomic data for improved
decision-making at the catchment level (Box 6).
In India, the three national water policies of 1987,
2002, and 2012 emphasized the importance of
enhancing the reliability and adequacy of waterrelated data, such as data pertaining to rainfall,
snowfall, geomorphological information, the
climate, geology, surface water, groundwater, water
quality, ecological parameters, water extraction
and use, extent of irrigated area, glaciers, and
other areas. They underlined increasing both the
availability of, and the predictive capabilities of

the data. It was proposed that a National Water
Informatics Centre (NWIC) be established with the
purpose of centralizing the data collection process.
The NWIC, established in May 2018, is meant to
collate hydrological data regularly from all over
the country, process it, and maintain it in an open
manner on a GIS platform (Mohan 2018). The NWP,
2012 also promotes the gathering and processing
of data related to climate change and cooperation
regarding data-sharing of transboundary rivers.
India also has a number of bilateral treaties,
including with Bangladesh, Nepal, and China, that

encourage the sharing of data regarding water
resources and floods.

BOX 6
SIGNIFICANCE OF DATA IN WATER RESOURCE
PLANNING: LESSONS FROM WUMPS

In order to fill data gaps regarding local water
use planning, ICIMOD and HELVETAS conducted
a quantitative assessment of the available water
resources in the Adherikhola catchment of Sindhuli
district (of an area less than 50 sq. km), towards the
preparation of a pilot WUMP. This catchment consists
of two VDCs, Jalkanya (in Kamalamai municipality)
and Ratanchura, in its upper reaches, and Bhimeswor
in Golanjor rural municipality lower down. The
assessment included measuring the discharge of all
potential water sources and their seasonal variations.
The demand for water in key sectors such as domestic
uses and in agriculture was also calculated.

In Integrated Water Resources Management (IWRM),
developing an institutional framework integrating
economic, social and political aspects is a challenge.
Water user master plans (WUMPs) enable local
governments and communities to interact, exchange
knowledge, acquire ownership of the water
management plan, and commit to agreed roles and
responsibilities for planning their locally available
water resources, implementation, monitoring, and
reflection. This is a participatory approach to change
inherent in the concept of IWRM. The process promotes
the principles of equity, gender equality, and social
inclusion, and enables local communities to address
adaptation needs in the context of climate change.
The WUMP process helps prepare an inventory of all
the available water resources in an area, and to prepare
a list of their existing and potential users in different
sectors. They promote multiple uses of water in order
to maximize livelihood benefits. WUMPs enhance
the developmental capacities of local communities,
and strengthen local institutions and processes for
an equitable distribution of water. WUMPs illustrate a
model of the entry of IWRM in local contexts without
losing the benefits of IWRM. IWRM in its logical unit ‒
the hydrological boundary ‒ sometimes do not match
political boundaries; implementing IWRM becomes a
challenge in such cases and WUMPs try to minimize this
issue in practice. It also includes components to build
adaptation capacities in the face of climate change and
natural disasters. As a country facing water scarcities,
Nepal needs entry points for the development of IWRM.
Participatory WUMPs at the local level can act as entry
points to translate IWRM into practice.

In Bihar, the Bihar Water Policy (GoB 2014)
encourages data-sharing in the public domain
and the swift transfer of data, primarily related
to floods, to local bodies. The Public Health
Engineering Department (PHED) was appointed to
manage the database and ensure transparency in
database operations. The Bihar Irrigation, Flood
Management and Drainage Rules, 2003 (GoB 2003)
also promotes data-sharing, of hydrological data in
particular.

This focused exercise facilitated informed water
planning and development ‒ how much water was
available for use, how much was flowing from upstream
areas, and how much could be used to meet domestic
and irrigation needs. It informed engineering plans
regarding the size of the infrastructure needed in each
sector. More importantly, such an exercise provided
numerical data regarding the water deficit, based on
current demand. This enables the local community to
develop coping strategies, for example, by diverting
water from water surplus zones to water deficit
ones, changing their cropping patterns, adopting
conservation practices, and searching for new sources
of water supply. Based on this information collected, a
long-term WUMP was developed in the four adjoining
VDCs of Adherikhola watershed in consultation with the
respective VDCs and endorsed by the local and district
authorities.
Once the extent of water shortages was known in
quantitative terms, the downstream and upstream
communities got together for the first time, to discuss
their water problems and probable solutions to them.
They realized the need to conserve mountain springs
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mostly located upstream. Towards this end, the
downstream communities showed their willingness to
financially contribute to spring conservation upstream.
Both communities agreed to form an informal
committee to discuss ongoing water problems, and are
now trying to formalize their own initiative.
Quantitative assessments of available water increase
in importance when rivers cross provincial borders
and federal structures are involved. In such a context,
quantitative data may form the basis for negotiation
and bargaining between communities, municipalities,
and provinces over water-sharing. In the absence of
such quantitative data, a possible outcome could be
conflict and violence, witnessed internationally.

Getting local-level hydrological, climatic,
socioeconomic, and engineering data and information,
and GIS maps, along with a systematic analysis of all this
data, helped the local authorities, stakeholders, and
communities design and implement select schemes in
the WUMP pilot districts ‒ Sindhupalchok, Sindhuli, and
Saptari ‒ in the KRB. In a district-level WUMP workshop
held in mid-2018 in Saptari, the chair of Modi rural
municipality in Parbat district shared his experience
of the WUMP in his municipality. He said the rigorous
nature of the WUMP had made the process of project
planning and implementation very easy, with positive
impacts. As a result, he was able to bring about a visible
change in his community through the better planning of
water and other available natural resources.

Note: The WUMP pilot project in the Adherikhola catchment was conducted during 2014‒2017 with the VDC as the planning unit. Since then, the
upstream part of the catchment has been merged into Dudhauli municipality and the downstream part into Golanjor rural municipality.
(Sources: Nepal et al. 2017; Tharu et al. 2017)
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Knowledge gaps
•

There is limited knowledge on how to
achieve coordination at the local, national,
transboundary, and regional levels for the
development and management of water
resources in the KRB that would increase
societal benefits and economic efficiencies
through enhancing synergies and reducing
trade-offs

•

Private sector participation in the water
sector is generally low in the KRB. Its active
participation needs to be encouraged in all the
three countries of the river basin, but studies
on how to achieve this are lacking

•

There is a need for basin-wide cooperation to
integrate CCA and DRR measures by different
institutions and countries of the basin to
tackle climate extremes such as floods and
droughts, but knowledge on how to achieve this
cooperation needs to be developed jointly by
various stakeholders in the basin

•

There is a gap in the exchange of real-time data
and information on a regular basis. This needs
to be integrated with well-defined institutional
arrangements and procedures for informed
decision-making in the management of water
resources at a basin-wide scale

The transboundary nature of climate
change and natural disasters calls
for an integrated approach to DRR
and climate change adaptation (CCA)
at the basin scale. This provides
a good entry point for basin-wide
cooperation in the Koshi River basin.
Basin-wide and policy-relevant
research and data-sharing are
crucial for fair water allocation and
trust-building processes, which
can help DRR and the successful
implementation of policies at the
basin scale. Up-to-date and real-time
information needs to be exchanged
on a regular basis, and integrated
with well-defined institutional
arrangements and procedures for
informed decision-making in the
management of water resources.
Private sector participation
should be encouraged in water
resource management in all the
three countries of the KRB, along
with appropriate benefit-sharing
mechanisms.
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4.3.

Cross-border cooperation in 		
the Koshi River basin

In this section, we review current approaches to
cross-border cooperation in the KRB and suggest
ways to develop it further.

4.3.1. Cooperation in managing flood 		
risks
It has been argued that, regarding infrastructure
development, there is a need to pursue an
integrated approach to managing flood risks,
maintaining a proper balance between structural
and non-structural measures (WMO 2009). In
the classic study on flood control in the region
south of the Siwalik range in Nepal, a JICA report
covering eight rivers identified three major types
of damage: riverbank erosion; the settling of
sediment, mainly of sandy soil, over cropland,
making it uncultivable for many years; and flooding
and inundation, damaging life and property. It
then proposed an integrated approach to flood risk
management, consisting of three components:
watershed management, river training, and
building community resilience (JICA 1999).
The current practice, both in India and Nepal,
of relying largely on river training by building
embankments could end up making both upstream
and downstream communities in Bihar and Nepal
poorer and miserable. Floods need to be managed
by controlling sediment through better watershed
management practices upstream in Nepal. There is
a need to prevent ‘bad’ engineering solutions, such
as continuous embankments in India, unless they
cover the complete river system (JICA 1999; Mishra
and Kumar 2004). And there is a need to build
community resilience using command-and-control
mechanisms as well as incentives, persuasion, and
nudging strategies (Vaidya, Shrestha et al. 2019).
Second, on institutional arrangements between
India and Nepal to discuss solutions to inundation
in the KRB, there is a need to expand arrangements
at the local and basin levels. The events leading to,
and the aftermath of the breaching of the Koshi
embankment in 2008 probably exposed all its
cracks and loose ends. As was argued shortly after,
Despite having full control over operations,
including emergency work in Nepalese territory,
the Water Resources Department of Bihar must
first consult with the Government of India,
which then consults with the Government of
Nepal, before undertaking any infrastructure
maintenance. … The process of institutional
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design … could consider the participation of
local people, local government, communitybased organizations, interdisciplinary
academics, state government, and central
governments … by establishing a river basin
commission made up of these stakeholders
(Shrestha et al. 2010, pp 50, 53.)
While the problems are all at the local and basin
levels, the institutional mechanisms had no local
participation until after the 2008 event, either in
government bodies or at the community level.
Presently, there are three committees directly
relevant to the KRB. A secretary-level India‒Nepal
Joint Committee on Water Resources (JCWR) was
formed following a visit to India by Nepal’s prime
minister in mid-2000. It is headed by the permanent
secretaries of the two countries and is scheduled
to meet every six months to discuss matters
pertaining to cooperation on water resources.
At its first meeting in Kathmandu in October
2000, the JCWR recommended the formation of a
director general-level Joint Committee on the Koshi
and Gandak Projects (JCKGP) to replace the two
project-specific committees. The first meeting of
the JCKGP was held in Kathmandu in December
2001. After the breach of the Koshi embankment
on 18 August 2008, the JCWR empowered the
JCKGP with the financial and functional authority
to approve annual plans. At a meeting in 2008, the
JCWR also formed a joint secretary-level India‒
Nepal Joint Standing Technical Committee (JSTC)
to coordinate the activities of all project-specific
and hazard-specific committees, and instructed
the JCKGP to work under its oversight. The JCWR
advised the JCKGP to meet twice, instead of once
a year. In addition, it added to the JCKGP three
special invitees each from the relevant districts
in India and Nepal. However, it is still silent on
a mechanism for the participation of the local
community.
Finally, on information exchange systems in the
basin, there is a need to further the real-time
exchange of data and information at all levels
‒ local, basin, and national. Rapid advances in
information and communication technology
(ICT) are making access to information easier
and affordable. Hydrological and meteorological
monitoring continue to improve significantly.
Simulation models are increasingly giving more
reliable results because of advances in computing
power. These technological advances in ICT and
in computing can be exploited to promote regional
cooperation for flood risk reduction in the KRB.
At the national level, the real-time exchange
of data and information takes place from the

Department of Hydrology and Meteorology’s office
in Kathmandu to the Central Water Commission’s
office in Patna, Bihar. Currently, this probably
covers real-time information requirements at the
basin level as well. However, the provision for dataand information-sharing, in general, needs to be
revisited:
It should be noted that while each country is
required to give to the other the data resulting
from its surveys and investigations on the
‘Kosi in Nepal’, there is no provision about the
exchange of data on the ‘Kosi in India’ (Salman
and Uprety 2002, p 73.)
ICIMOD’s regional flood outlook system, HKH‒
HYCOS (https://www.icimod.org/initiative/hycos/),
also helps governments in Nepal and India share
knowledge and provide warnings about riverine
floods to communities at risk. It provides timely
information on river water levels (Shrestha et
al. 2015). In August 2014, Nepal’s Department of
Hydrology and Meteorology used this flood outlook
as well to issue flood warnings for Nepal’s rivers
through a bulletin on its website (Shrestha and
Pradhan 2015). Nevertheless, both India and Nepal
need to develop more robust communication
mechanisms and ensure they have covered the last
mile and reach households with flood warnings.
To illustrate such cooperation at the local level, on
12 August 2007, upstream communities along the
Ratu River in Mahottari district in Nepal shared
real-time information about an impending flood
with downstream communities in Bihar across the
Nepal‒India border, which gave the latter almost
4‒8 hours of lead time, thanks to the installation
of an experimental CBFEWS by ICIMOD. People
were evacuated to a school building and livestock
was moved to higher ground (see Box 5). Such
experimental initiatives need to be upscaled. The
current approach to cross-border cooperation
regarding managing flood risks in the KRB
needs to be reformed to choose and implement
the appropriate structural and non-structural
measures for mitigation, improve information
exchange among decision makers, and increase
the participation of local stakeholders in decisionmaking.

4.3.2. Areas of mutual gain beyond water
The potential benefits of cooperation in the
KRB are: (i) sharing flood forecasting and early
warning information, (b) storing water upstream
in Nepal for flood moderation, increased flows
during the dry season, and inland navigation, and

(iii) managing watersheds upstream in Nepal for
water-related disaster risk management and for the
conservation of freshwater ecosystems.
These benefits are largely uni-directional in nature.
In the water diplomacy framework proposed
by Islam and Susskind (2012), which includes
the ‘mutual gains’ approach, mutual gains are
enabled by finding opportunities to cooperate in
cross-border trade as well as the management of
resources, such as water. This helps to move the
focus of negotiations away from current difficulties
arising due to the uni-directional nature of their
benefits, while managing too much and too little
water.
As an initial first step, it may be possible to move
from uni-directional to two-way cooperation by
expanding the trade in electricity between Bihar
and Nepal, especially exports from Nepal. This
could be expanded in the future by integrating
infrastructure, markets, and trade (Sadoff and Grey
2002) to enhance the indirect economic benefits
of cooperation by broadening them beyond river
water. Specifically, inland navigation to and from
Nepal and trade in energy-intensive intermediate
products from Nepal may provide opportunities for
greater cooperation.

4.3.3. Cooperation by building a 			
reputation for reciprocity
Why has there not been another initiative since the
Koshi Project? The answer might lie in the need to
start small and build trust.
Projects in the KRB dealing with cross-border
trade in electricity may serve such a purpose by
taking advantage of the seasonal and diurnal
complementarity in the supply and demand of
electricity between India and Nepal. The Arun III
hydropower project, whose construction was jointly
launched by the prime ministers of India and Nepal
on 11 May 2018, would provide an ideal opportunity
for Nepal to enhance its reputation as a reliable
partner in electricity trade by seeking to expedite
its completion. Following a visit to Nepal by Prime
Minister Modi in August 2014, India and Nepal
had signed, in October that year, an Agreement on
Electric Power Trade, Cross-border Transmission
Interconnection and Grid Connectivity. A month
later, the Government of Nepal signed a power
development agreement with SJVN Arun III Power
Development Company Private Limited, a fullyowned subsidiary in Nepal of SJVN Limited, a
joint venture of the Government of India and the
Government of Himachal Pradesh. The agreement
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was about a 900 MW peaking run-of-the-river
project that would export electricity to India. On
its part, India has enhanced its reputation recently
by exporting electricity to Nepal through the first
high-voltage Dhalkebar‒Muzaffarpur cross-border
transmission line, located in the KRB.
This transmission line is being used by thermal
power plants in Bihar to export electricity to Nepal.
This may be an interesting case of ‘reciprocal
cooperation’ manifest in this transmission line
and the Arun III hydropower project mentioned
above. Preparatory work for the cross-border
transmission line was started by the Government of
India soon after the Nepali government formulated
the Directives on Licensing of Hydropower Projects
in 2008 with competitive bidding ‘rules’ based on
free electricity or equity participation, or both.
This opened the door for the signing of the power
development agreement with SJVN for Arun III.
This appears to be a case in which the designing of
‘rules’ helped reciprocal cooperation between the
two countries. As suggested by Elinor Ostrom,
rules can enhance reciprocity by making
mutual commitments clear and overt (Ostrom
1998, p 10.)
To conclude, the way to build a reputation for
reciprocal cooperation would be to develop mutual
trust through relatively small projects in the KRB.

4.3.4. Think tanks as a platform for 		
dialogue
Think tanks provide a platform for face-to-face
communication among stakeholders, and such
dialogue helps them move towards a focal point of
common interest.
Although the development of a platform for
dialogue at the Koshi River basin scale, for instance
the one at ICIMOD, is at a preparatory stage, several
platforms covering a larger geographical scale have
been organized in the past. A series of meetings on
eastern Himalayan water resources development
were organized by the GIF Research Foundation,
Japan, in Delhi, Dhaka, and Kathmandu between
1993 and 1998. Starting in 2006, a series of meetings
of the Abu Dhabi Dialogue Group was organized
by the Government of U.K. in several Asian cities
and later by the South Asia Water Initiative of the
World Bank, focusing on Himalayan river systems.
In August 2017, the Ganga‒Padma dialogue was
organized as a ‘devising seminar’ by the Water
Diplomacy program at the Fletcher School, Tufts
University, USA in Kolkata, India.
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Common to all these dialogues was an emphasis on
governing, developing, and managing water with
a river basin focus. This is consistent with the need
for facilitated dialogue among stakeholders at a
basin level. This point has been well highlighted in
the literature:
The river basin management concept has been
driven by a rational, analytical model as seen
in the use of the words such as ‘coordinated’
and ‘comprehensive’. While this model might
provide an ideal, no matter what shape it takes,
it does not fit reality. The reality of river basin
management goes beyond notions of unified
administration and rational analytic models
to one of facilitated dialogue and negotiation
among stakeholders in the basin (Allee 1989,
quoted in Delli Priscolli 1996, p. 33.)
Furthermore, there have been suggestions for
think tanks to generate data, knowledge, and
information to enable informed discussions
during such dialogues. In addition, the proponents
of the Ganga‒Padma ’devising seminar’ in 2017,
Lawrence Susskind from MIT and Shafiqul Islam
from the Fletcher School at Tufts, have suggested
that generating scientific knowledge, developing
robust models, and sharing data may not suffice
unless one can create knowledge that is actionable
and can be trusted. To this end, they stress that,
first, such scientific knowledge should be generated
collaboratively; second, they should be used as
inputs in negotiation processes at an early stage,
when the negotiating parties are developing options
for consideration; and, finally, they should not
be used to justify political or arbitrary decisions
(Susskind and Islam 2012). This is valuable advice
for think tanks currently engaged in developing a
platform for the KRB.

Knowledge gaps
•

There is a limited experience of cross-border
cooperation between China and Nepal in the
KRB. There is a need to identify opportunities
for cooperation and mechanisms to execute
them, especially in the context of potential
GLOFs in China and hydropower development
in Nepal

KEY MESSAGES

The current approach to cross-border
cooperation regarding flood risk
management in the KRB needs to
be changed regarding information
exchange systems, institutional
arrangements to discuss solutions
to floods, including GLOFs, and the
appropriate infrastructure development
to mitigate floods.
The opportunities for benefit-sharing
in the KRB should go beyond managing
flood risks and augmenting irrigation
water supply, to availing of the seasonal
and diurnal complementarity in the
demand for electrical power in India
and Nepal.

The way to design mechanisms to build
trust would be to build a ‘reputation’
for reciprocal cooperation in relatively
small regional projects.
Think tanks should provide a platform
for face-to-face communication between
the Koshi River basin stakeholders. Such
a dialogue will help decision makers in
the basin move towards a focal point
by making independent decisions that
are congruent with the common goal
of developing basin-level prosperity in
interdependent situations such as flood
control or trade in electrical power.
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4.4. Institutional design for a 		
river basin approach to water 		
governance in the KRB
This section discusses a river basin approach to
cross-border cooperation, facilitated by a basinlevel coordinating body, supported policies, and
institutions in each country in the KRB.

4.4.1. Commitment to a river basin 		
approach to water governance
Based on a review of national and provincial
water policies in the three countries of the KRB,
our findings on their commitment to a river basin
approach to water governance are as follows.
Discussions on the need for a river basin approach
to water governance in India and Nepal may have
gained momentum subsequent to the declaration of
the Dublin Statement on Water and Development in
1992, which stated that the “effective management
of water resources demands a holistic approach”.
In the initial stages, however, the focus was more
on institutional arrangements for integrated water
resource management at the national level (GWP
2004), and for coordination between sub-sectors.
Water experts of the era viewed the problem as one
of fragmentation in the institutional arrangements
for various sub-sectors (Serageldin 1995), which
made it difficult to govern and manage water as
a “finite and vulnerable resource” as highlighted
in the Dublin Principles. They emphasized the
need to develop institutional arrangements for
coordination between the sub-sectors for managing
water. This may have ultimately led to the
realization of the need for a river basin approach to
water governance.
Water policy in India and Nepal may have been
influenced by these discussions at the international
level between water experts, policy makers, and
donor organizations, leading both these countries
towards a common ‘focal point’ of a river basin
approach. The river basin planning framework was
highlighted in the 2002 Water Resources Strategy
Nepal (WECS 2002). Subsequently, provisions
for integrated development at the river basin
level were included in the National Water Plan
2002‒2027 (WECS 2005) and the Koshi River Basin
Management Strategic Plan 2011‒2021 (WECS
2011). Later, Nepal’s draft National Water Resources
Policy (GoN 2016) drew on these previous exercises
in formulating a river basin approach to water
governance.
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In the case of India, the National Water Policy (2012)
clearly highlighted a river basin approach to water
governance. Prior to NWP (2012), the National
Water Mission in 2011 had also suggested adopting a
river basin approach.
What is the river basin approach that the policy
documents in China, India, and Nepal are
considering and how may they be relevant to the
KRB? Key findings from a review of the policy
documents follow.
4.4.1.1. RIVER BASIN APPROACH TO WATER RESOURCES
PLANNING

It is clear from the policy documents of China,
India, and Nepal that a river basin approach to
water planning and governance has been fully
accepted by the three countries. The 2002 water law
in China clearly defines river basin commissions
and their responsibilities in river basin planning
(Liu and Speed 2009).
In the case of India, although a river basin
approach was mentioned in its NWP, 2002, it was
the National Water Mission under the National
Action Plan on Climate Change (GoI 2011) that
brought the approach to the forefront in its
planning process regarding water, ultimately
incorporating it in its National Water Policy (2012)
(MoWR 2012). Its sub-clause 12.4 states:
“Integrated water resources management,
taking the river basin/sub-basin as a unit,
should be the main principle for planning,
development and management of water
resources.”
This development is indicative of the correlation
in the timing in India’s search for climate
change adaptation solutions and its recognition
of the enormous significance of a river basin
approach. The benefits of a river basin approach
for adaptation to climate change have also been
highlighted in UNESCO’s Introduction to the IWRM
guidelines at river basin level (UNESCO n.d.).
Regarding Nepal, although the river basin approach
did figure in its 2002 Water Resources Strategy
Nepal and the 2005 National Water Plan (2002‒2027),
it was not by then incorporated fully in its planning
process. This lacuna was finally filled by the draft
National Water Resources Policy of 2016 (GoN 2016).
It stated:
Water resources shall be developed and
managed as per the IWRM principles by
comprehensively considering each basin in its
entirety (Clause 6.1.1).

River basin plans shall be prepared for all
basins of the country (Clause 6.1.2).
[The] Water and Energy Commission … shall
prepare river basin plans and use-specific
master plans of water resources (Clause 6.2.5).
[These] shall be updated every ten years (Clause
6.1.2).
Water sharing among various uses and among
users ... shall be done based on the river basin
plans (Clause 6.1.3).
There appears to be a correlation between the
proclamation of the 2015 Constitution of Nepal and
initiatives to transform the water sector. The 2016
Draft National Water Resources Policy stated:
The Constitution of Nepal, besides …
pointing out the necessity of a reformative
transformation in the water resources sector
through the medium of the three-tiered
constitutional federal administrative system,
has also offered an opportunity for the same.
... This policy, prepared by focusing on such
transformation, shall function as a sublime
guide for the development, management and
utilization of water resources (GoN 2016, p 1).
4.4.1.2. FUNCTIONS OF RIVER BASIN AGENCIES

China has already developed institutional
arrangements for water governance at the river

basin level, but their basin commissions have
limited power. India and Nepal have plans to make
the necessary institutional arrangements, but their
proposed functions are as yet limited to a few tasks
only.
It is worth noting that the current literature on
governance for development has highlighted the
need to go beyond the traditional approach of
investing in designing the right form of
institutions to thinking not only about the form
of institutions, but also about their functions
(World Bank 2017).
The assignment of the functions of river basin
agencies appears to be an evolutionary process. In
South Africa, for example, its water affairs minister,
and later chairperson of the World Commission
on Dams, championed the cabinet endorsement
in 1996 of the ‘Principles’ that highlighted the
importance of the catchment as a unit of water
management and administration (principles 5 and
23), but changes in the Principles were made later.
The cabinet strengthened emphasis on the
catchment as the basin hydrologic unit but also
weakened it as the management unit, affirming
the management authority should be delegated
to the catchment level only where appropriate
(Conca 2006, p 336).
China has established basin commissions for
major rivers to promote integrated river basin
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management. However, these commissions have
limited power to allocate water resources, to
coordinate and conserve water resources, and
enforce water resource planning at the basin level
(Jiang 2009). That is mostly under China’s Ministry
of Water Resources (MoWR) and related ministries
(Zhang 2005).
Regarding functions, first, developing water
information systems at the basin level figures
prominently in the policies of both India and Nepal.
Clause 12.5 of India’s policy states that
appropriate institutional arrangements for each
river basin should be developed to collect and
collate all data on regular basis with regard to
rainfall, river flows, area irrigated by crops and
by source, utilizations for various uses of both
surface and ground water ...” (MoWR 2012).
Clause 6.2.6 of Nepal’s draft National Water
Resources Policy of 2016 states that river basin
offices would
coordinate acquisition and management of
climatological and surface and groundwater
resources data and information at the basin
level, and … maintain up-to-date data and
information within the basin” (GoN 2016).
Although this is yet to be clarified, the “data on
regular basis” in India and “up-to-date data” in
Nepal may imply real-time data and information.
As Nepal plans to establish three river basin
offices, including one in the KRB, this should
facilitate further coordination in the basin, beyond
the existing arrangements, for the exchange of
information between India and Nepal.
Second, the function of monitoring the water
quality is emphasized in India’s National Water
Policy, 2012. It states that
appropriate institutional arrangements for each
river basin should be developed for monitoring
water quality in both surface and ground
waters” (Clause 12.6) (MoWR 2012).
This function is not included for river basin offices
in Nepal. However, their policy document does
mention conducting an
audit on whether the concerned projects are
compliant with the license with respect to water
allocation and use and status of water pollution
(Clause 6.2.6).
Institutional arrangements may be needed for
the periodic monitoring of water quality in Nepal
as well, especially in view of the fact that the
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Terai region of the KRB is the country’s principal
industrial region.
Finally, the function of giving concurrence prior
to granting licenses for the allocation of water
use rights is mentioned in Nepal’s draft policy
document. River basin offices are
to give concurrence for water use prior to the
issuance of license for water use by the province
and local level governments (Clause 6.2.6).
This would imply that the three provinces of Nepal
in the KRB would seek concurrence from the river
basin office there to be established by its federal
agency, WECS. To this end, state capacities for
administering water use rights would need to be
developed. As an ADB study stated,
the functions of the river basin organizations
would include enhancing the technical and
institutional capacity to advise the regulatory
agency on evaluating license applications and
water allocation decisions (Bird et al. 2009, p 37).
In India, this function is not mentioned explicitly
in the NWP, 2012; however, the National Water
Mission under the NAPCC did point to the need to
review the 2002 policy to
ensure integrated water resources management
for helping ... to ensure more equitable
distribution (GoI 2011, p 25).

4.4.2. Ways forward in institutional 		
arrangements for water governance
in the Koshi River basin
It is necessary to develop key institutions for
governance in the KRB of the water sector as a
whole. Traditionally, the sector’s focus has been
on constructing the physical infrastructure to
deliver water-related services such as irrigation and
drinking water. This has led to the development of
coordinating and policy institutions that allocate
financial resources to construct infrastructure,
implementation institutions that facilitate the
construction, operational institutions that manage
service delivery, and regulatory institutions that
create a level-playing field for service delivery
by the private sector and community-based
organizations. These institutions worked perfectly
well until the drivers of change discussed earlier
in this resource book, such as population growth,
economic growth, urbanization, and climate
change, created a situation of water scarcity.
Such a situation made it necessary to manage
water as a scarce resource (from the supply side)

establishing institutional arrangements for
river basin governance is a ‘learning by doing’
process, which requires flexibility to learn
from, and adapt to changing conditions

and as a service (from the demand side). It has also
become necessary to revisit the key institutions that
underpin the governance of the water sector.
The new scenario requires the development of
policies that take a holistic, river basin approach
to water governance for achieving socioeconomic
development goals, legislation that helps implement
these policies, and regulations to enforce this
legislation. Although water policies in certain
subsectors, such as those related to irrigation
and drinking water supply, have guided the
development and management of water resources
in the past, such policies lack a holistic perspective.
As a result, these policies are unable to account for
the effect that intervention in the water sector has
on the rational allocation of water in the face of
competing claims, such as water delivery to farms
versus households. To this end, policies, legislation,
and regulations within subsectors must fall in line
with the holistic water policies, legislation, and
regulations.
The new scenario would focus on both
infrastructure development and water allocation
since both financial and water resources are scarce,
and a structure needs to be developed to manage
these two resources effectively and efficiently
to achieve socioeconomic and developmental
goals. Some organizations would need to be
restructured or reactivated and some new
organizations developed. To this end, traditional
government agencies responsible for subsectors
such as irrigation and water would need to focus
on both building infrastructure and institutional
development for operations and maintenance.
Meanwhile, water service providers need to address
water conservation and reducing water losses.
Regulatory agencies would need to play a crucial
role in water allocation, and community-based
organizations in the planning, management, and
allocation of water at the local level.

•

Many water-related issues and decisions are
best dealt with at the local level, embedded in
higher-level decision-making at the sub-basin
and river basin scale. In addition, the influence
of policies beyond the water sector, for instance
agricultural policies, has an important bearing
on the challenges of river basin governance

As most issues and management decisions
pertaining to water tend to be local in nature ‒ for
example, soil and water conservation ‒ strong
local institutions are key to sustainable water
governance. At the same time, local water use
activities impact the flow of water, sediment, and
nutrients throughout the basin, and hence wellarticulated links between decision-making at the
local and at the basin scales are needed.
The key challenge in river basin governance is
crafting and nurturing institutional arrangements
that enhance the coordination between actors
and decision makers operating at different scales
‒ local, basin, national, and transboundary.
However, the wide diversity in the physical and
socio-political settings across river basins makes it
difficult to outline universal guidelines to address
this challenge.

The following challenges need to be kept in mind
in designing, developing, and crafting institutions
and their functions for river basin governance in
the KRB:

In ‘coordination-based’ approaches to river basin
governance, a wide range of stakeholders such
as farmers, water user committees, community
organizations, and officials at various levels of
government come together to develop coordinating
mechanisms at the watershed and river basin
scales. Examples of coordination-based river basin
governance can be found in Australia, Brazil, the
European Union, Morocco, Mexico, South Africa,
and western USA, and generally consist of a mix of
stakeholder platforms, coordinating organizations
at the basin level, institutional linkages, and a legal
framework. A coordination-based approach to river
basin governance has several advantages:

•

Coordinating decision-making processes
between different levels of government and
across scales, with a focus on water allocation
mechanisms, tackling water pollution, and
coordinated preparedness and responses to
floods and droughts

•

Legitimacy ‒ it builds on existing institutions
and encourages good stakeholder
representation and engagement

•

Participation ‒ it gives water users the space,
capacity, and power to participate in water
management decisions that affect them

As different river basins face varied challenges
and have unique institutional contexts,
replicating institutional models from
other countries is seldom effective. Rather,

•

Flexibility ‒ because coordination-based
arrangements involve diverse organizations

•
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and flexible institutional structures, they are
better able to adapt to changing needs and
circumstances
Coordinated river basin governance across multiple
levels and scales is important for communicating
and sharing information with all stakeholders.
This can help reconcile stakeholder interests
and objectives by identifying conflicting actions
and discussing them in advance. To work well,
this requires a culture of democratic debate and
rules and procedures in which interactions are
embedded.
In creating coordinating mechanisms and
institutions for river basin governance, an
important challenge is the differential access to
resources, knowledge, political representation,
and institutions that the various stakeholders have.
To avoid elite capture, a focus on equity and the
need to redistribute resources, entitlements, and
opportunities is important. Overall, coordinated
river basin governance raises the following
challenges:

140

THE KOSHI RIVER BASIN RESOURCE BOOK

•

As the size of the river basin increases, it
becomes more difficult to coordinate the many
local-level initiatives, leading to increased
coordination costs and more cumbersome
decision-making

•

Many existing organizations do not have
sufficient legitimacy, capacities, and resources,
and hence these need to be strengthened

•

Including the poor and achieving substantive
stakeholder participation in river basin
governance is difficult and requires continuous
commitment and engagement at all levels of
government

Knowledge gaps
•

Location-specific knowledge for crafting
institutional mechanisms for a coordinationbased approach to river basin governance in a
transboundary context is yet to be developed
for the Koshi River basin

KEY MESSAGES

The ecological, socioeconomic,
and political conditions in the
Koshi River basin suggest the
need for a river basin approach
to cross-border cooperation,
facilitated by a basin-level
coordinating body. This needs
to be supported by harmonized
policies and institutions in
each country and a platform
for dialogue towards a
harmonization of the ‘beliefs’ of
stakeholders between the three
countries.
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CHAPTER 5

Addressing key
issues in the Koshi
River basin
Case studies of interventions that
address five key issues ‒ managing
water availability and demand,
reducing disaster risks, reducing
ecosystem degradation, improving
climate-resilient livelihoods, and
supporting transformative livelihoods
‒ are presented
Bhuchar, S., Gupta, N., Shrestha, K., Dhakal, M., Shrestha, F., Joshi,
S., Shrestha, M. S., Ranabhat, S., Bhatta, L. D., Neupane, N., Bastola,
A., Udas, P. B., Sugden, F., Wei, Z., Liu, Q. (2022). Addressing key
issues in the Koshi River basin. In R. A. Vaidya, A. B. Shrestha, S.
Nepal, & K. Shrestha (Eds). The Koshi River basin: Insights into
biophysical, socioeconomic, and governance challenges and
opportunities. Resource book. ICIMOD.
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KEY MESSAGES

There are several examples of
gender equitable and socially
inclusive (GESI) practices that
address the multiscale and
multidimensional technical
and institutional challenges
in the transboundary Koshi
River basin. However, these
practices must be integrated into
community-led interventions and
local government mechanisms
to ensure that vulnerable
communities, especially women,
have enhanced climate resilience.
GESI-responsive capacity building
of stakeholders, enabling
institutional circumstances,
behavioural change, knowledge
management, and transboundary
collaboration are critical for
achieving outcomes at scale.

5.1. Introduction
This chapter draws from the preceding three
chapters to highlight five major issues in the Koshi
River basin (KRB) ‒ managing water availability
and demand, reducing disaster risks, reducing
ecosystem degradation, improving climate-resilient
livelihoods, and supporting transformative
livelihoods. It presents select case studies of
actions taken, or taking place, in the KRB that seek
to address these five issues. The case studies are
largely of interventions by ICIMOD and its partners
in the KRB. Some case studies have also been
selected from beyond the basin as they have the
potential to be applied in the basin.
Two case studies have been selected in each
category (barring transformative livelihoods,
which has three), one at the local scale and the
other either at a larger scale or comprising a
package of case studies. It is important to note
that a case study could be addressing more than
one issue, as the issues are not mutually exclusive
but tend to be interlinked. For example, the issue
of water availability and demand is closely linked
with disasters. Each case study is organized such:
it presents the issue (or issues); the set of actions
aiming to address it; the intended benefits of
these actions; and what is necessary for improved
outcomes of the actions at scale.
In each case study, where possible, we present the
environmental, social, and economic benefits of
the interventions made. We also present changes
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in the technological, institutional, and behavioural
domains. The case studies also discuss the next
steps in the uptake of these actions at various levels.
The case studies chosen are transdisciplinary
in approach. All the solutions are derived from
knowledge created by, and along with stakeholders
who benefit from and sustain a particular
intervention. Most of the solutions are piloted and
tested, based on interactive feedbacks from society
to science and back to society, ensuring a health
mutuality between experts and beneficiaries.
Since – as has often been stated in preceding
chapters – women in the HKH are much more
vulnerable to, and at risk from disasters, natural
resource degradation, and gaps in governance, the
solutions presented here have been designed and
implemented with adequate consideration of how
gender dynamics may affect or be affected by them.
Building resilience is a prerequisite to achieving
the sustainable development goals (SDGs) in the
KRB. The development of simple, affordable, and
local solutions can go a long way in addressing the
challenges arising from the basin’s complexity.
We now briefly discuss the five major issues
mentioned earlier.

5.1.1. Managing water availability and 		
demand
The availability of water in the KRB is highly
seasonal, dependent on monsoon rainfall. It is

supplemented by snow and glacier melt during
the pre-monsoon period. Springs are the major
source of water in the mountain and hill areas of
the KRB. They have been widely reported to be
drying, impacting women and children the most,
whose task it is to fetch water. And in the plains,
groundwater is the major source of drinking water,
but its quality is a serious issue.
Improving irrigation facilities can increase
agricultural productivity in the basin in Nepal
and Bihar. Agricultural productivity in Bihar is
currently lower than the national and regional
levels due to droughts and floods. Improving the
efficiency of water use for improved agricultural
productivity has long been recommended by
experts.
Only 14% of the 48 billion cubic metres (BCM) of
water available in the basin is used, in different
activities and sectors. The rest of the available
water remains untapped. Of the water that is used,
a very large share (96%) is used for agriculture,
Domestic usage and industrial uses of water make
up the rest (4%) (Bharati et al. 2014). However,
maintaining the flow regime of rivers is needed
for optimum hydropower generation, and
maintaining ecological flows, after the discharge
from power plants, is critical. Thus, basin-level
planning for hydropower and irrigation projects is
needed to ensure the sustainability of the system.
The population of the KRB rose by 19% between
2001 and 2011, and is expected to grow further,
particularly in urban areas. This will increase the
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pressure on water resources, and for different uses.
Urban planning that emphasizes water efficiency
will be increasingly important for sustainable
development in the KRB.
We present two solutions for managing water
availability and demand in the KRB. The first is
springshed management in the hills. The second is
a case study from outside the KRB. We examine the
approach to river basin management of the Pungwe
River basin shared by Mozambique and Zimbabwe.

5.1.2. Reducing disaster risks
The KRB is vulnerable to both abrupt disasters such
as floods and landslides, and slow onset disasters
like droughts. They impact the lives and livelihoods
of vulnerable populations, deepen poverty, and
intensify the risk of future disasters.
There are no comprehensive estimates available
of the loss and damage caused by disasters in the
basin. There are, however, estimates of loss and
damage from major incidents: for instance, 45,000
people were displaced following the breach in the
Koshi embankment during 2008 (Shrestha et al.
2010). And the damage to infrastructure, including
hydropower, following the glacial lake outburst
flood (GLOF) of Dig Tsho in 1985 totalled USD 1.5
million (Horstmann 2004).
Future climate change scenarios indicate that
there will be an increase in the number and
intensity of extreme weather events in the region
and in the KRB. The ability of communities and
urban authorities to prepare for, and respond to
future disasters will be critical for sustainable
development in the basin. Understanding the
vulnerabilities of the population to different
disasters, and increasing individual and
institutional capacities to manage disasters and
reduce risks across different sectors are extremely
important. India and Nepal have adopted the
Sendai Framework for Disaster Risk Reduction
2015‒2030, and efforts have been made towards
policy integration between different institutions
within each country. A better implementation of
the Sendai Framework, in particular improved
coordination and collaboration, is required.
Transboundary collaboration for managing
disaster risks is needed because of the existence
of strong upstream‒downstream linkages. For
example, early information about impending floods
could be communicated in a timely manner from
upstream areas to communities downstream.
As disaster risk management straddles sectors and
boundaries, there are actions that can, and need
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to be taken at various levels. We present two sets
of actions related to floods. The first is a proposed
intervention on reducing the risk of GLOFs.
Knowledge about glacial lakes have improved
during the last few decades but coordinated action
to reduce transboundary floods have not yet been
adequately implemented. The second focuses on
generating regional information about floods and
reducing risks to households through flood-resilient
housing.

5.1.3. Reducing ecosystem degradation
The services provided by its rich ecosystems to over
35 million people in the KRB have been valued at
USD 8,995 million, calculated annually. The basin
supports several restricted and globally threatened
species – 62 species of vegetation, 270 wildlife
species, and 71 avifaunal species from China;
86 species of flowering plants in Nepal; and 552
species in Bihar, India. The basin’s transboundary
corridors also provide routes and resources to
wildlife species.
However, habitat degradation, urbanization, and
land use changes have resulted in the degradation
of ecosystems and a loss of associated services.
There has been an areal decline in the primary
habitats of fish and birds to the extent of 1.5%‒2%
per decade, and an increase in areas unsuitable for
habitation.
There is a large amount of barren land on the
northern slopes of the KRB, particularly in highaltitude areas. The abandonment of cropland
could increase the extent of barren land. Erosion
from barren lands is estimated to contribute
around 22 tonnes per hectare per year (Uddin et al.
2016). It impacts hydropower operations and the
maintenance of irrigation canal systems, among
others. Water pollution and its impacts on the
health of freshwater ecosystems and people’s lives
is also a concern.
A combination of solutions is needed to manage
and maintain ecosystems in the basin and address
the issues mentioned above. They would include
improved land use planning, erosion and landslide
management, and the management of rangeland
and barren land. A combination of technological
and institutional solutions, including waste water
management, is required to maintain freshwater
ecosystem services.
We have selected two cases that showcase possible
actions that could improve the management of
ecosystems in the KRB. The first focuses on the
management of barren land. The second is about

providing incentives for ecosystem services (IES) to
maintain drinking water services.

5.1.4. Promoting climate-resilient 		
livelihoods
Climate variability has, and will continue to affect
ecosystem services, in turn affecting livelihoods
such as in agriculture. Climate variability could
limit the availability of water and disrupt the
optimum climatic patterns needed for established
cropping patterns. Climate change adaptation
actions are being integrated into development
plans and policies in the basin; however, there are
major challenges in implementation. The data that
could effectively inform appropriate actions at the
local scale and that could help transcend social and
economic barriers to sustainable development is
inadequate.
Investing in generating and using reliable climatic
information to sustain and improve agriculture
productivity will be critical for livelihoods
and people in the KRB. Other issues, such as
managing water resource efficiency for irrigation,
controlling pests, and developing climateresilient infrastructure, will also be extremely
important. As marginalized groups are likely to be
disproportionately impacted by climate change,
developing solutions that place human capacities at
the centre is required.
This chapter discusses two actions that promote
climate-resilient livelihoods. The first showcases
a suit of practices for climate-resilient agriculture.
The second case study focuses on the development
and use of a drought information system that
requires institutional mechanisms to generate the
information and disseminate it to farmers.

5.1.5. Enabling transformative livelihoods
Agriculture-integrated livestock rearing is the
major livelihood option of people in the KRB.
However, there has been a fall in the contribution
of agriculture to the national and state gross
domestic product (GDP) and a decrease in the
economically active population in agriculture in
the basin in both Nepal and Bihar, indicative of
a sector in transition. Subsistence agriculture is
not a viable option in many parts of the KRB as it
fails to cover the shadow price of family labour.
Land fragmentation and stagnating yields beset
agriculture in the basin. Frequent droughts and
floods further reduce farm yields. Inappropriate
farming practices on small plots of land, combined

with high livestock pressure, have resulted in a loss
of soil fertility and soil erosion. The workloads of
women in the KRB have increased, particularly
due to male outmigration. Women are responsible
for agricultural activities, tending to livestock,
collecting water, fuelwood, and fodder, preparing
food, and taking care of children and the elderly
(Adhikari and Hobley 2011; Jain 2010; Leduc 2011).
They have to travel greater distances to collect
fuel and fodder. The siltation of irrigation canals
demands higher repair and maintenance, the
responsibility for which is being shifted onto
women, children, and the elderly.
There are a number of autonomous actions
by farmers in the KRB to tackle some of these
challenges (see Box 4).
Three case studies are presented later in the
context of transformative livelihoods. The first is
on gender transformative change through better
water management practices. The second is on
collective farming to cope with land fragmentation,
reduction in yields, property rights, labour scarcity,
agricultural markets, and high transaction costs.
The third case study is from western Nepal, on the
development of a value chain that can be applicable
in the KRB.

5.2.

Managing water availability 		
and demand

CASE STUDY 1

5.2.1 Springshed management in the KRB

Springs are a part of groundwater, which is
fundamentally connected to surface water.
Knowledge of groundwater systems is essential
for the efficient management of springs and
springsheds (Figure 33).
THE ISSUE

Springs are used for drinking, irrigation, and
domestic and cultural purposes by millions of
people in the Hindu Kush Himalaya (HKH) and in
the KRB. However, many springs in the KRB have
dried or their discharge reduced due to changes in
climate and land use (ICIMOD 2021). This stresses
local communities, especially women and girls,
who are traditionally responsible for domestic
water security. Some communities have even been
forced to migrate out of their villages because of
this crisis of water.
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FIGURE 33

CROSS-SECTION OF A SPRINGSHED

ACTION TAKEN

Mountain communities in the HKH, long aware of
the importance of springs for their well-being, have
conserved springs through different methods such
as making springhouses, protecting springs from
anthropogenic activities, planting trees around
springs, and enforcing local rules and regulations
for spring management.
Watershed management programmes also support
spring development activities, mostly through a
conventional ‘ridge to valley’ approach. A more
innovative approach to reviving springs has been
developed by carrying out a hydrogeological
survey that identifies the storage and movement
of water in an aquifer, and the strategic recharge
areas of springs. This approach was successfully

FIGURE 34

piloted and scaled up in Sikkim, India through
the state government’s Dhara Vikas Programme
(Tambe et al. 2011), from 2009. The programme
seeks to trap surface run-off water and thereby
recharge groundwater through digging staggered
contour trenches and percolation pits. ICIMOD
and the Advanced Centre for Water Resources
Development and Management (ACWADAM), Pune,
have also recently co-developed and published a
six-step protocol for spring revival and springshed
management in the HKH (Figure 34) (Shrestha
et al. 2018). Initiatives to revive springs based on
hydrogeological surveys are being implemented
in a few villages in the Nepali part of the KRB,
the Gandaki River basin, Bhutan, and parts of the
Indian Himalaya.

SIX-STEP PROTOCOL FOR SPRING REVIVAL AND SPRINGSHED MANAGEMENT IN THE HKH

1. Comprehensive mapping of springs and springsheds
2. Setting up a data monitoring system
3. Understanding the social and governance systems of springs
4. Hydrogeological mapping, development of the conceptual layout, and identification of recharge areas
4a. Hydrogeological mapping

4b. Creating a conceptual hydrogeological
layout of springsheds

5. Developing springshed management and governance protocols
6. Measuring the impacts of spring revival activities
Source: Shrestha et al. (2018)
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4c. Classification of spring types, identifying
mountain aquifers, and recharge areas

BENEFITS

Reports from Sikkim indicate that over 50 springs
have been revived through the Dhara Vikas
Programme (Tambe 2014). In Uttarakhand, India,
within one-and-a-half years of completing a project
on spring revival in February 2016, spring discharge
increased from 6 litres per minute (lpm) to 30 lpm,
a 500% rise, despite receiving only 5 millimetres
(mm) of rain in September 2017, compared to 70
mm in the corresponding period of the previous
year (Goswami 2018). Similarly, following ICIMOD’s

TABLE 23

spring revival interventions in Maikarol spring in
Dailekh district, the average dry season (March‒
May) discharge doubled from about 1 lpm in 2016 to
2 lpm in 2017 (ICIMOD 2016a).
Springshed management and spring revival have
varied sociocultural, economic, and environmental
benefits, such as increased water security for
households, increased water availability for
irrigation systems, reduced drudgery for women,
increased ecological flows, and others (Table 23).

BENEFITS OF SPRING REVIVAL AND MANAGEMENT OF SPRING RECHARGE AREAS

Aspect

Social and cultural
benefits

Economic benefits

Primary benefits

Secondary benefits

Increased water availability for drinking and
domestic uses

Improved health and well-being

Increased water availability for livestock

Improved animal health and productivity
Improved crop yields

More water for irrigation

Increased food and nutritional security

Reduced drudgery for women and girls in
fetching water

More time for productive activities and one’s
well-being

More water available for cultural purposes

Increased aesthetic value

Increased opportunities for livelihood
diversification from nature-based solutions in
recharge areas (for example, growing bamboo
and non-timber plants)

Increased income opportunities from plantations
and spring-based festivals

Increased base flows

Increased water availability during the dry season

Improved water quality
Environmental
benefits

Reduced external inputs such as chemical
fertilizers and pesticides

Reduced peak flows due to holistic land
management

Reduced risks of flooding

Increased water availability for flora and fauna

Enhanced biodiversity

Healthy natural habitats

Increased carbon sequestration

SCALING UP

The Watershed Management Division of the Royal
Government of Bhutan has integrated spring revival
actions in their 12th Five Year Plan (2018‒2023).
Similarly, India’s NITI Aayog has published a
comprehensive report, Inventory and Revival of
Springs in the Himalayas for Water Security (Gupta
and Kulkarni 2018). To scale up further in areas in
which drying springs is an issue, it is important
to build the capacities of relevant stakeholders
and practitioners and enhance awareness among
policy makers and planners through cross-learning

events on the six-step protocol for spring revival
in the HKH. The strengths of government-led
models for scalability (such as in Sikkim) and of
NGO-led models for the monitoring and evaluation
of impacts should be combined in implementation
(Shrestha et al. 2018). Scientific organizations have
an important role to play in scaling up by creating
the scientific evidence for the effectiveness of
spring revival programmes in the HKH. This
would enable springshed development approaches
to be promoted and mainstreamed in watershed
development, water supply and climate change
adaptation, and resilience-building programmes.
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FURTHER RESEARCH

The identification of recharge areas of springs
based on field geology can be supplemented by
stable isotope methods. This can help verify the
recharge paths, and the size and storage capacities
of spring aquifers (Shrestha et al. 2018).
FURTHER READING

ICIMOD (2021). Reviving drying springs in the NibuwaTankhuwa watershed, Dhankuta. Kathmandu:
ICIMOD. Retrieved from https://lib.icimod.org/
record/35220
CASE STUDY 2

5.2.2. Transboundary collaboration for 		
river basin management
THE ISSUE

Meeting the growing demand for water from
different sectors such as households, agriculture,
and industry is a major challenge, particularly
when 80% of the rainfall in the KRB is received
during the monsoon. As has been stated earlier,
climate change has increased the intensity and
frequency of extreme weather events, making this
an even bigger challenge. The varied nature of the
challenges in upstream and downstream areas of
the basin and at local and basin scales as well as the
different institutional mechanisms in the basin’s
countries necessitate a flexible approach to river
basin management.
Here we present the experience of the Pungwe
River basin, which straddles Mozambique and
Zimbabwe, as an example of transboundary
collaboration between two countries. Over several
years, stakeholders there have worked together to
manage and share the benefits of the basin (UNWater 2008).
The Pungwe River flows eastwards from
Zimbabwe’s Eastern Highlands, through the
provinces of Manica and Sofala in Mozambique,
and flows into the Indian Ocean at Beira. Of the
31,151 square kilometres (sq. km) of the Pungwe
River basin’s area, approximately 95% falls in
Mozambique, and the remaining 5% in Zimbabwe.
The basin faces a number of water resource
management challenges that directly impact the
livelihoods of the people in the basin. The key
challenges include salt water intrusion affecting
sugarcane farming; shortages in domestic water
supply in downstream Mozambique; gold mining
as subsistence activity being affected by excessive
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sedimentation; poor quality of the water for
drinking and aquatic fauna; frequent flooding
in downstream areas; and balancing competing
demands on water resources between the two
countries.
ACTION TAKEN

The Pungwe Project was initiated in 2002 in
three phases: the monograph phase, the scenario
development phase, and the joint IWRM strategy
phase. During Phase 1, the knowledge base on
water resources in the basin was strengthened.
Sectoral studies carried out under the project
described the situation in the basin regarding
water resources, environment and pollution,
the demand for water, infrastructure, and the
socioeconomic context. River basin offices were
established in both countries, and they generated
databases and monographs on the water quality,
sediment transport, pollution, conservation areas,
and environmental flow requirements (Leendertse
et al. 2008). It has been reported that this led to
the monitoring and enforcement of pollution
standards.
In Phase 2, varied scenarios covering a number
of possible medium-to-large dam projects on the
Pungwe River or its tributaries, flood warning
systems, local groundwater assessments, and
measures for improved surface water quality were
developed. In Phase 3, the implementation plans
for projects adopted by the basin’s stakeholders
were elaborated and the Joint Integrated Water
Resources Management Strategy formulated.
The development of a climate change adaptation
strategy for the basin commenced in parallel. An
assessment of local climate change impacts was
carried out by feeding general circulation model
(GCM) scenarios into higher-resolution, regional
climate models and linking them to hydrological
models for the basin.
BENEFITS

River basin organizations have been strengthened,
water permits and revenue collection
operationalized, and stakeholder participation
increased through the establishment of a basin
committee. A five-year joint programme between
the governments of Mozambique and Zimbabwe
was initiated to strengthen the capacity of key
IWRM institutions in the basin. Flood management
was operationalized through capacity-building
and investment in a hydrometeorological network.
Furthermore, several large-scale development
projects were envisioned with investment from the

Pungwe Basin Investment Facility. A joint water
sharing agreement for the Pungwe River basin was
signed in July 2016, which included a proposal to
establish a joint secretariat.

5.3

Reducing disaster risks

CASE STUDY 3

5.3.1 Case study 3: GLOF risk reduction

WAYS FORWARD

The coordinated efforts in understanding various
aspects of the Pungwe River basin and a common
agreement regarding sharing the risks and benefits
through long-term, phased collaboration has
enabled considerable progress in transboundary
river basin management in that river basin. A joint
and integrated assessment by the countries of the
Koshi basin could enable a common understanding
of the current and projected challenges in the
basin and help develop long-term strategies
based on scientific evidence and a participatory
approach towards water resources and disaster
risk management. This is particularly needed
because of the strong upstream and downstream
biophysical linkages as well as economic
interdependencies. However, currently there
are only bilateral agreements between countries
of the Koshi basin. As suggested in Chapter 4 of
this resource book, the coordinated development
of water resource management through wider
stakeholder participation is necessary. Strategies
based on robust science are key to the management
of natural resources (Gupta et al. 2021). The
experience of the Pungwe River basin sets an
example for countries of the KRB of long-term
collaborative management of the basin.
[Extracted and adapted from UN-Water (2008).
Status report on integrated water resources
management and water efficiency plans:
Prepared for the 16th session of the Commission
on Sustainable Development. New York: United
Nations.]
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THE ISSUE

The KRB is highly prone to GLOFs (Chen et al. 2013;
Khanal et al. 2015; Shrestha et al. 2017). A total of
26 GLOF events have been reported in the KRB
between 1935 and 2017 (see chapter 2, Annexure 2).
Of these, twelve GLOFs occurred on the southern
side of the Himalaya in Nepal and the remaining
fourteen on the northern side in China. GLOFs are
generally low-frequency events, but when they
do occur, they have tremendous impact in terms
of loss of life, and damage to livestock, property,
infrastructure, natural resources, and livelihoods.
One such event was the Cirenmaco GLOF in July
1981, which originated in the Tibet Autonomous
Region (TAR), killed 200 people, and damaged the
Nepal‒China Friendship Bridge on the Arniko
highway and the Sunkoshi hydropower dam in
Nepal. The direct economic losses from this GLOF
were estimated at USD 156 million (Chen et al.
2013). Glacial lakes in the central Himalaya, where
the KRB is located, are growing and expanding
(Gardelle et al. 2011; Yao et al. 2010) due to the rapid
melting and shrinking of glaciers (Bajracharya et al.
2014). About 42 glacial lakes in the KRB have been
identified as potentially dangerous (Bajracharya et
al. 2020).
It is difficult to predict when GLOFs may occur
or the magnitude of the risks they pose (ICIMOD
2011). To regularly monitor existing glacial lakes
and carry out periodic and detailed field studies
of newly forming lakes are still challenging tasks
for researchers. An expansion and upgradation of
high-altitude hydrometeorological services and
monitoring stations near or around glacial lakes
are yet to be carried out. There are no policies as yet
regarding establishing, collecting, and sharing the
relevant information across countries of the KRB,
nor understanding the characteristics of glacial
lakes and the hazards from GLOFs. Due to the
remoteness of the location of many glacial lakes,
the harsh climatic conditions, limited scientific
knowledge and awareness, limited resources, and
inadequate technical support, local communities
are unable to implement effective response
measures for risk reduction or mitigation.
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TRANSBOUNDARY DIMENSIONS

GLOFs don’t stop at national boundaries. In the
past, GLOFs that originated in the TAR, China
have caused heavy damage in Nepal. Besides the
Cirenmaco GLOF of 1981 mentioned earlier, these
also include the Jialongco GLOF that occurred in
June 2002 and the Gongbatongshacuo GLOF in
2016. These events cost Nepal millions of dollars.
Regional and international collaboration is
essential for transboundary GLOF risk mitigation.
Sharing data and information is also extremely
important and should be promoted via different
levels of collaborative mechanisms.
ACTIONS NEEDED

A process of regularly monitoring glacial lakes and
undertaking GLOF hazard assessments should be
conducted to minimize the loss of lives, livelihoods,
property, and infrastructure in downstream
areas. Information about the status of glacial
lakes ought to be updated periodically, at least
at 5-year intervals. Potentially dangerous glacial
lakes (PDGLs) ought to be monitored regularly,
using remote sensing. This should be augmented
by field-based monitoring of PDGLs, wherever
possible. Early warning systems should be installed
along river valleys to warn local communities and
authorities about impending floods for an effective
and prompt response.
Mitigation measures can also be carried out. A key
measure would be to lower the volume of water
in an identified PDGL to reduce the magnitude of
possible peak discharge on breaching, either by
dam failure or over-topping of the same. Structural
measures should be applied downstream to
protect infrastructure from the damage caused
by peak floods. Information about the risks from
GLOFs should be widely disseminated among
local communities and they should be trained in
emergency preparedness. Timely responses to flood
warnings should be developed and implemented.
BENEFITS

GLOF mitigation measures have been deployed in
two of the most potentially dangerous glacial lakes
in Nepal ‒ the water level of Tsho Rolpa was lowered
by 3 metres (m) in 2000 (Mool et al. 2001) and of
Imja Tsho by 3.4 m in 2016 (also see Box 1 for such
interventions in the TAR). An early warning system
was deployed, covering both these lakes, Rolwaling
and Khumbu valleys downstream, and the Upper
Bhote Koshi valley near the Friendship Bridge at
the Nepal‒China border. It has been designed to
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relay warning signals during a GLOF event and
any abnormal rise in water levels so prompt action
can be taken. Adopting such technologies, and the
regular monitoring of glacial lakes would prevent,
control, or reduce the adverse effects of GLOFs on
human health and safety, on household goods,
property, settlements, hydropower projects and
other infrastructure, natural resources (including
cultivated fields), and aquatic and terrestrial
environments in general.
A number of major hydropower projects such as
the Upper Tama Koshi, Bhote Koshi, Arun-III,
Khimti, and Sunkoshi hydropower projects, and
other smaller hydroelectric projects are located
downstream below Imja Tsho and potentially in
the pathway of a GLOF. Detailed surveys of PDGLs
could prevent losses worth millions of dollars
and considerable hardship to communities in the
future.
WAYS FORWARD

Technological measures: Hydrological,
meteorological, and monitoring stations and their
services should be expanded and upgraded near
PDGLs that have been prioritized as high risk,
and along the river valleys downstream. Highresolution spatial and temporal satellite data,
integrated with updated ground-level information,
should be deployed to assess and quantify earlier
trends in the area around lakes, and to monitor
future changes in glacial volume, lake formation
and expansion, snow cover, and geomorphological
features that can trigger GLOFs. Scientific studies
using bathymetric surveys, Global Navigation
Satellite System (GNSS) unmanned aerial vehicles,
and other remote sensing and geospatial techniques
should be undertaken occasionally to understand
lake dynamics, and the characteristics of the
moraines, the glacier source, and its surrounding
features.
Institutional steps: It should be ensured that
GLOF risk reduction is both a national and local
priority, with strong institutional support for
implementation. A national system of monitoring
hazards and risks and providing early warnings in
hazardous areas should be established. GLOF risk
reduction should be integrated into infrastructure
planning and implementation. National education
policies and training should include propagating
awareness about GLOFs and risk reduction to
local communities. Mass media should be used
for such dissemination of information. A national
emergency response and preparedness system,
and community capacity development should be

established for situations before, during, and after a
disaster hits.

regarding GLOF-related policies and guidelines
should be established at the regional level.

Behavioural practices: Strong bilateral cooperation
between upstream and downstream communities,
and the sharing of information about lake water
levels should be fostered. The active participation of
local communities in different planning measures
such as prevention, mitigation, and responses
to GLOFs should be promoted, and it should be
ensured that their feedback on policies reach
decision makers and influence future policymaking. Local communities should take charge
of early warning systems so that they are properly
maintained. It helps to develop a feeling that it
is meant for their safety. Mutual coordination

1. Longbasaba glacial lake, Upper Koshi (Pumqu/
Arun River)

FIGURE 35

The Longbasaba Lake (27˚57′17″N, 88˚04′55″E) is
a rapidly expanding moraine-dammed proglacial
lake located in Dinggy county, Tibet, at the
headwaters of the Geiqu River, an eastern tributary
of the Pumqu/Arun River, in the Upper Koshi
basin. Its area has expanded by ~486%, from 0.35
km2 in 1977 to 2.05 km2 in 2018 (Liu et al. 2020), and
is presently (in December 2020) 2.11 km2 (Figure
35). According to a lake bathymetry investigation
(Yao et al. 2012) and in-situ monitoring thereafter,
its maximum depth was 102±2 m, in 2009. It

RAPIDEYE SATELLITE VIEW OF LONGBASABA LAKE AS OF 20 NOVEMBER 2018

Note: Insets show its location in the KRB (left) and its areal expansion since 1977 (right)
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FIGURE 36

AN OUTLET CHANNEL CREATED AT LONGBASABA LAKE

Source: Qiao Liu

BOX 1
INTERVENTIONS IN THE TAR TO PREVENT GLOFS
In the Upper Koshi River basin, water shortages and
water hazards co-exist. In the high mountain regions
in particular, global warming is accelerating changes
in glaciers and snowpack and posing high potential
risks of water-related hazards, such as GLOFs and
mountain torrents. The increase in extreme rainfall is
an additional threat. Here, we present two case studies
of some engineering interventions carried out for two
PDGLs ‒ Longbasaba and Jialongcuo ‒ to reduce the
risk of GLOFs.

was recognised as one of the dangerous lakes in
the Chinese Himalaya in 2002. Thus, the local
community excavated an outlet in 2005 (Figure 36)
to lower the lake’s water level by about 5.6 m as a
mitigation measure (Xiao and Dai 2011). Despite
this, it was still assessed as having a high risk of
dam failure, as the lake shows rapid expansion, has
a direct connection with the active glacier terminus

160

THE KOSHI RIVER BASIN RESOURCE BOOK

(Wang et al. 2012), and there is deterioration in its
ice-cored moraine dam (Wang et al. 2018). The lake
is currently being closely monitored by a research
team that includes scientists from the Chinese
Academy of Sciences, Yunnan University, and
Hunan University of Science and Technology.
Similar to most lake-terminating glaciers in the
Himalaya (King et al. 2017; Liu et al. 2016; Nuimura
et al. 2012; Racoviteanu et al. 2015; Watson et al.
2020), the Longbasaba glacier has experienced
a continuous and rapid retreat and thinning
during past decades, even though its terminus is
currently still in contact with the proglacial lake.
The Longbasaba Lake displays the potential for a
further 1 km of upward expansion until the glacier
terminus retreats to a steeper bed (Liu et al. 2020).
Continuous thinning could also promote terminus
flotation of the proglacial lake. Since over 500 m of
newly exposed lake area has not been investigated
after the 2009 event, an updated lake bathymetric
measurement for the Longbasaba Lake is crucial.
In addition, an assessment of the boundary
conditions of glacier bed geometry and properties
(hard or soft), investigations of fluctuations in
seasonal velocity to determine the degree of its

sliding, and tracer experiments for meltwater
routing in the flat part of the glacier are also
necessary for a robust model study of ice dynamics
coupled with basal processes.
2. Jialongco, Nyalam, Upper Sun Koshi (Poiqu)
Jialongco (27˚57′17″N, 88˚04′55″E) is a morainedammed proglacial lake (Figure 37) located near
Nyalam town, Upper Sun Koshi (Poiqu). Its area
has expanded by 649 ± 81% over about half a
century, from 0.08 km2 in 1964 to 0.61 km2 in 2017
(Zhang et al. 2019). Jialongco had two GLOFs,
on 23 May and 29 June 2002 respectively, which
resulted in economic losses of CNY 7.5 million to
Nyalam County (Chen et al. 2007). The GLOFs of
Jialongco were triggered by an ice avalanche and a
subsequent breaching of its moraine dam (Zhang
et al. 2019). Though the lake has disconnected
from the glacier, ice avalanches from the hanging
ice fall were still active when we visited the lake

FIGURE 37

in September 2020 (Figure 38a). Jialongco was
classified as a very highly dangerous lake due to
its large volume and steep surrounding terrain
(Allen et al. 2019). The local government is currently
carrying out several engineering measurements,
including excavating an outlet channel to lower
the level of the lake’s water, and widening and
increasing the height of its the dam to consolidate
the lower section of the moraine (Figure 38, b and
c). The lake is being monitored in detail (Figure
38d) by a scientific research team of the Institute
of Mountain Hazards and Environment, Chinese
Academy of Sciences. Jialongco is just one of many
dangerous lakes with a potential of GLOFs in the
Upper Nyalam and the boundary between China
and Nepal. Cirenmaco, Galongco, and Gangxico
have also been assessed to be most dangerous lakes
in the Upper Sun Koshi, keeping in mind their
potential impacts further downstream in Nepal
(Allen et al. 2019).

PLANETSCOPE SATELLITE VIEW OF JIALONGCO LAKE AS ON 25 AUGUST 2020.

Note: Insets show its location in the Upper Sun Koshi (left) and its areal expansion since 1964 (bottom right)
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FIGURE 38

A CLOSE VIEW OF JIALONGCO, SEPTEMBER 2020 (A) THE MORAINE-DAMMED LAKE AND THE SOURCE GLACIER
WITH A STEEP ICE FALL, WHICH FEEDS THE LAKE; (B) POSITIVE DRAINAGE TO LOWER THE LAKE’S WATER LEVEL;
(C) ENGINEERING ACTIVITIES BY THE LOCAL GOVERNMENT TO STRENGTHEN THE LAKE’S DAM; AND (D) IN-SITU
MONITORING AND EARLY WARNING SYSTEM

CASE STUDY 4

5.3.2. Regional flood information systems
THE ISSUE

Each year, devastating transboundary floods
inundate large areas of the Ganges, Brahmaputra,
and Indus river basins. They cause a large loss
of lives and livelihoods, and the displacement of
millions of people. This calls for more effective
cooperation between the countries concerned
‒ Bangladesh, Bhutan, China, Nepal, India, and
Pakistan. The bilateral river treaties and datasharing agreements currently in place are not
sufficient to avert catastrophic flooding on a
transboundary scale.
ACTION TAKEN

A regional flood information system has been
developed in which real-time data is received from
the hydrometeorological (hereafter, hydromet)
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networks that have been upgraded in Bangladesh,
Bhutan, Nepal, and Pakistan. Regional member
countries have enhanced their flood forecasting
and early warning systems to be able to utilize
these advanced tools and techniques. Real-time
data is being utilized in regional and basin-specific
flood situations, providing timely information on
the flood situation. Flood and other forecasts have
been used by hydromet agencies to issue early
warnings, thereby reducing flood risk and damage.
More systematic regional cooperation in hydromet
data collection and sharing is necessary to enable
the effective and timely forecasting of floods and
disaster prevention, as well as flood management,
at the regional level. In 2009, ICIMOD, the
World Meteorological Organization (WMO),
and authorities in ICIMOD’s partner countries
‒ Bangladesh, Bhutan, China, India, Nepal, and
Pakistan ‒ initiated the Hindu Kush Himalayan
Hydrological Cycle Observing System (HKH‒
HYCOS). The project’s overall objective was to

minimize the loss of human lives and the damage
to property.

to take up these projects and contributed to
building the climate resilience of people at risk.

The project helped build the capacities of the
national hydromet services in these countries
and modernized the hydromet networks in the
region: 38 hydromet stations ‒ nine in Bangladesh,
nine in Bhutan, twelve in Nepal, and eight in
Pakistan ‒ were upgraded to share real-time data.
An automatic regional flood information system
was established to facilitate the transboundary
exchange of real-time data and information.
The new system allows for the visualization and
dissemination of real-time data regarding the water
levels of rivers and the volume of rainfall from the
hydromet stations to any geographical location.

In 2016, the Koshi Basin Flood Outlook was
developed as a part of ICIMOD’s Koshi Basin
Initiative. Flooding is a recurrent disaster in the
basin, particularly affecting parts of Nepal and
northern Bihar. The number and intensity of
extreme weather events such as floods are expected
to increase in the basin. Thus, the Koshi Basin
Flood Outlook, which provides forecasts three
days in advance, is critical to giving people in the
basin time to prepare. It is being used in Nepal and
India, along with other forecast models, to provide
flood predictions and flood bulletins to the relevant
government agencies and local communities.

The data is used to develop flood forecasts and
validate model results, such as in products derived
from satellites. These are used by ICIMOD’s
partners to warn communities if the river water
levels are increasing. In August 2014 and August
2017, for example, the flood outlook was used by
the Department of Hydrology and Meteorology,
Nepal (DHM) as one input in its flood warnings. A
flood bulletin was widely disseminated through its
website and via emails to important stakeholders.

Extracted and adapted from Mishra, A., Agrawal,
N. K. & Gupta, N. (Eds.). (2017). Building mountain
resilience: Solutions from the Hindu Kush
Himalaya. Kathmandu: ICIMOD.

IMPACTS AND UPTAKE

With the experience gained from HKH‒HYCOS,
hydromet agencies in Nepal, Bhutan, and
Bangladesh have been able to attract large amounts
of funding for the modernization of their hydromet
networks through climate funds. Activities funded
through HKH‒HYCOS have improved their ability

BOX 2
TWO TIMELY FLOOD-RELATED INTERVENTIONS
1. Building EcoSan toilets in Bihar
Floods are one of the most formidable challenges in
Bihar as more than 77% of North Bihar is vulnerable
to floods. Adequate sanitation becomes a further
challenge during floods and with the slow recession of
flood water due to improper drainage and the presence
of embankments. The Himalayan Adaptation, Water,
and Resilience Research (HI-AWARE), ICIMOD and
the Patna-based organization Megh Pyne Abhiyan
(MPA) have been leading an important intervention
to improve sanitation and health in Bihar. It includes
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four major components – safe drinking water, housing,
learning about patterns of co-existence with floods, and
sanitation.
Better sanitation in particular is being promoted
by building EcoSan toilets, known locally as the
phaydemand shauchalay. What works in its favour is
that it goes beyond the implementation of a particular
technology, to involving the participation of different
stakeholders, especially local communities. It is a
process-driven approach. Women have been encouraged
to be at the forefront of this effort to get households used
to the concept of investing in, constructing, and using an
EcoSan toilet. Female self-help group (SHG) members
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have received grants from the Government of Bihar’s
Sanitation, Health and Nutrition (SHAN) fund towards
the construction of these toilets.
The phaydemand shauchalay is an innovative, selfsustaining sanitation unit that can work without
plumbing and drainage. It has a range of other
advantages, listed below.
• It is flood-resilient and odourless
• It is a double-chambered toilet that converts
human waste to ‘humanure’, which can be used as
fertilizer in fields and kitchen gardens
• It collects the urine separately, which can be a
substitute for urea in fields and vegetable gardens
after mixing the urine with water (in a ratio of 1:7)
• It does not require flushing and hence saves water
• It collects waste above the ground and hence
prevents groundwater contamination, and
• It provides members of the community, especially
women, girls, and the elderly, a secure and clean
enclosure for defecation even during floods.
Upscaling this pilot project could vastly improve health
and hygiene outcomes in Bihar and in other flood-prone
areas of the HKH.
2. Climate- and flood-resilient housing in
Bangladesh
In Bangladesh, as part of the HI-AWARE programme,
ICIMOD’s partners ‒ Bangladesh Centre for Advanced
Studies (BCAS) and C4RE Services Pvt Ltd ‒ focused
on addressing the loss of habitat and livelihood during
floods by building climate- and flood-resilient housing
(CFRH) for rural communities living on char lands.
Two villages were selected ‒ Char Dhushmara, on the
true left bank of the Teesta River, and Char Haibat Kha
on its right bank. They are a few kilometres apart,
downstream of the Teesta Bridge at Kaunia.
Along with the construction of innovative housing
for char lands, this intervention also helps build the
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capacities of local carpenters and masons in processes
such as wood and bamboo preservation for the
construction of CFRH. Local community members were
also trained in homestead gardening, rearing poultry,
and making handicrafts.
The CFRH units have the following qualities and
advantages:
• They have raised plinths/foundations with
facilities for sanitation, storage of safe drinking
water, and space to have poultry, livestock, and a
homestead garden to earn a livelihood
• Various grasses and fruit trees can be planted on
the earthen foundation that would act as a natural
barrier against soil erosion
• Improved cooking stoves (ICS) and solar panels to
meet household energy needs
The BCAS and C4RE team has also been experimenting
with setting up portable wooden houses, commonly
used in the Ganges floodplains for long. It uses lohakath
(iron wood) for pillars, iron sheets painted white as
walls, and corrugated iron sheets for the roof. The
effort by HI-AWARE was to reduce costs by substituting
lohakath with locally available eucalyptus or other
low-cost wood, seasoned to last long in humid weather.
Eventually, upscaling this pilot could provide relief
from inundation and greater livelihood security to
flood-affected people and provide security of habitat,
including access to basic amenities, water, and
sanitation, even during floods.
In floods that took place in August 2017, both the
EcoSan toilets and the CFRH stood their ground, a
positive sign as far as the design of these technologies
is concerned. Both interventions have also laid stress
on community engagement from the design stage of
the respective pilot projects, and have got the attention
of community members due to word of mouth. As with
any intervention, however, the effectiveness of this pilot
lies in adapting it to the local context. For upscaling,
and out-scaling of such solutions, government buy-in is
extremely important.

BOX 3
THE KOSHI DISASTER RISK REDUCTION KNOWLEDGE
HUB: FOSTERING REGIONAL COOPERATION

region. In this context, the Koshi Disaster Risk Reduction
Knowledge Hub (KDKH) was established, with ICIMOD’s
Koshi Basin Initiative as the Secretariat.

Context

The hub aims to contribute to the improved resilience of
natural systems within the KRB through evidence-based
policies, inclusive decision-making processes, and
regional cooperation regarding climate-related disaster
risk reduction and management. Two major outcomes
are:

The KRB is disaster-prone, and now at greater risk
because of the impacts of climate change. Extreme
weather events upstream can lead to disasters
downstream, affecting millions of people, destroying
infrastructure, and disrupting development trajectories.
The transboundary nature of many of these disasters
means that upstream conditions and interventions
affect downstream regions across nation-state
boundaries, and vice versa. However, these upstream‒
downstream linkages and shared disaster risks can also
form the basis for cooperation, provide opportunities
for disaster risk reduction (DRR), and promote resilient
livelihoods in the basin. Effective cooperation can be
achieved by sharing knowledge and fostering practices
that address the transboundary nature and scale of
disasters.
A number of major issues were identified through
a series of consultations organized by ICIMOD and
supported by partners during December 2018‒2020:
limited knowledge and understanding regarding
transboundary, water-related hazards and the river
basin approach, including upstream‒downstream
linkages, and differentiated impacts and opportunities;
policies and decision-making being less informed
by scientific evidence and good practices, and
opportunities arising from shared benefits; limited
opportunities to share and scale up good practices
that integrate local and scientific knowledge effective
in reducing disaster risks; and limited trust and
cooperation, particularly between the transboundary
countries of the KRB.
The key opportunities identified were: the basin’s
countries have their own comparative advantages,
which are being utilized to recognise transboundary
risks; increased interest, ownership of the Hub, and
commitments among the basin’s countries and
partners; that the efficiency of disaster risk reduction
(DRR) efforts can be improved to reduce redundancy
and duplication; and sharing of good practices among
basin countries. The KRB has several stakeholders with
diverse knowledge and capacities. This presents an
opportunity for multi-stakeholder engagement and
collaboration to address water and climate risks in the

• Improved information-sharing and collaboration
among the three basin countries, China, India, and
Nepal
• Improved policies, strategies, programmes and
good practices to promote gender equality and
social inclusion for DRR in the basin’s member
countries
The KDKH is a platform that aims to foster regional
cooperation by encouraging the sharing of knowledge
and information about transboundary issues related
to water. These issues range from water-induced
disasters to research and policies regarding water and
the potential shared benefits of such work. Through
the hub, stakeholders can collaborate at the interface
of research, policy, and practice. Informed decisionmaking will help improve the overall management of
the KRB. The members of the KDKH collaborate through
transboundary working groups (TWGs) and country
chapters (CCs) and contribute towards the following
pathways of change.
Pathways of change
Change in policy and practice: TWGs synthesize
scientific knowledge and promote policies and
solutions that consider upstream‒downstream linkages
and science‒policy‒practice interfaces.
Research and knowledge-sharing: TWGs and CCs
share knowledge and information, and engage in the
collaborative creation of knowledge.
Collaborative actions: TWGs and CCs conduct joint
projects and interdisciplinary research activities
that demonstrate the benefits of transboundary
collaboration.
Country engagement: CCs engage with country-level
stakeholders to enhance policies and decision-making
and the uptake of solutions.
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Regional engagement: The basin’s countries cooperate
with each other on mutually beneficial areas and
practice knowledge-sharing.

paper on shared flood disaster risks and vulnerabilities
and joint actions needed at a transboundary scale
(Gupta et al. 2021).

Recently, 19 members of the Flood Transboundary
Working Group from India and Nepal jointly published a
Note: For further information, visit www.icimod.org/kdkh

5.4. Reducing ecosystem 			
degradation
CASE STUDY 5

5.4.1. Managing sediment by 			
rehabilitating barren lands
THE ISSUE

The sedimentation process comprises three key
phases: (i) sediment production, (ii) sediment
transport, and (iii) sediment deposition. The
KRB is known for its exceptionally high sediment
load (ICIMOD 2018). Sediment is produced from
various landforms in the HKH, such as rocky and
mountainous/hilly terrains, high-altitude plateaus,
and river banks, among others. It happens because
of natural dynamics, which includes soil erosion
and debris flows due to the natural forces of
water, wind, and gravity. These natural processes
of erosion are accelerated due to anthropogenic
interventions, including unsustainable land
management practices.
One of the main reasons for sedimentation in the
KRB is the high rate of soil erosion from barren
land. Uddin et al. (2016) estimated an annual
erosion rate of 22 tonnes per hectare (t/ha) from
barren lands in the KRB. About 15 Mt of soil is
eroded each year from all the barren land in the
basin (Uddin et al. 2016). Many tracts of land are
barren and degraded due to deforestation and
overuse by people for fodder, fuelwood, and other
needs. The surface erosion from barren land may
increase in the future due to the projected increase
in the amount and intensity of precipitation due to
climate change (discussed in Chapter 2).
Stopping soil erosion and sedimentation completely
is neither possible nor desirable. Nevertheless,
soil erosion from lands that are barren and have
been degraded due to excessive anthropogenic
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interventions can be reduced through better land
management practices (Bhuchar et al. 2005).
ACTION TAKEN

Several barren, degraded lands have been
ecologically restored In the KRB with low-cost soil
and water conservation measures and with people’s
participation. One good example is the intervention
in 2004 at Dhotra village in the Jhikhu Khola
watershed in Kavrepalanchok district in Nepal,
which was highly degraded due to overgrazing.
With community mobilization through the local
Ekanta Basti Youth Club, this commons land of
about 2 hectares was successfully restored in 2‒3
years. Fast-growing multipurpose trees, shrubs,
and grasses that would also provide fodder and fuel
and conserve soil and water were planted. Small
eyebrow pits and trenches were constructed along
the contours so that the surface run-off would
seep into the ground, thereby increasing the soil
moisture.
It is significant to note that the local women
were consulted while selecting the species to be
planted. The women preferred champak (Michelia
champaca), chinaberry (Melia azedarach),
needlewood (Schima wallichii), the Nepali
hog plum (Choerospondias axillaris), neem
(Azadirachta indica), and the Indian gooseberry
(Emblica officinalis) (Guedel 2006). Low-cost check
dams using sand-filled bags were built and bamboo
planted in order to check gully erosion. To sustain
the work, a committee comprising five women was
formed in Dhotra. This committee worked with
the local Ekanta Basti Youth Club to implement
the restoration. It cost about USD 230 per hectare,
of which 55% was contributed by the People and
Resource Dynamics Project (PARDYP), connected
to ICIMOD, and the remaining 45% by the forty
beneficiary households (ICIMOD 2007). About 450
villagers participated in the rehabilitation activities
in Dhotra village (ICIMOD 2008).

MULTIPLE BENEFITS OF THE MANAGEMENT OF BARREN
LANDS

Environmental benefits: Within one year of the
project’s intervention, 80% of the barren land in
Dhotra had been covered by natural and cultivated
grasses and shrubs (Figure 39). There were visible
signs that soil moisture had improved and sheet and
rill erosion had reduced. Gullies had stabilized and
the agricultural land below the site faced reduced
risk from siltation upstream. Soil erosion studies
by PARDYP in the Jhikhu Khola watershed showed
a significant reduction in soil erosion, from 22 t/
ha/year to 8 t/ha/yr, due to these land management
interventions. Floral diversity improved
significantly in the area and planting grasses along
agricultural terraces helped in reducing nutrient
loss from sloping lands.
Economic benefits: The Dhotra land management
committee generated a small fund (USD 17) by
selling grass seeds and the grass collected from
the site to interested farmers in the first two years.
Bamboo clumps in gullies had matured sufficiently
to fetch over USD 200 from its culms. Many farmers
planted grasses from the Dhotra site on their lands
for fodder (Piryani and Dhakal 2015). Farmers also
benefited because the fertile agriculture land below
the Dhotra site was protected from damage.
Social benefits: The site continued to be conserved
and used by local communities after the completion
of PARDYP (Piryani and Dhakal 2015). Locals,
particularly the women, were very satisfied as they
could access fodder and other plant resources from
the rehabilitated site and had to spend less time
fetching it from far away. The money earned from
selling grass seeds was used by the committee for
community-based social activities. The site also
served as a learning hub for land management
practitioners and students.

especially of women and youth, is important. The
relevant governments departments will have to
provide financial and technical support to the local
people during the initial stages of rehabilitation,
and help build their capacities in planning and
implementing land rehabilitation activities.
Such interventions should be included in local
development plans and budgets. The research
community can also contribute to this process by
generating the evidence for, and conducting costbenefit analyses of the benefits of rehabilitating
degraded land so as to inform policy makers.
Appropriate authorities should explore marketbased sources of financing, such as IES.
Behavioural change in society is also very
important. Our society needs to understand the
multiple costs of land degradation and shift from an
extractive approach to a more sustainable resource
management model, especially regarding common
property resources, which are often overused
or misused. This requires awareness campaigns
highlighting the importance and multiple benefits
of restoring degraded and barren land for upstream
and downstream communities. Local leaders (both
women and men), academics, the government,
and the media should work together in raising
awareness, both about the issue and its solutions.
Good practices of land rehabilitation need to be
included in curricula, with a field-based learning
approach that moves from theory to practice.

FIGURE 39

THE DHOTRA SITE, BEFORE (ABOVE) AND
AFTER LAND REHABILITATION INTERVENTIONS
(BELOW)

UPTAKE OF PILOTED MEASURES

Even though the practices described are both
feasible and economically, environmentally, and
socially beneficial, a large-scale uptake of such
interventions to rehabilitate barren land like in
Dhotra has not happened. This shows that the
wider uptake of such sustainable land management
techniques needs different technological,
institutional, and behavioural responses.
Technological and capacity-building responses
could include organizing demonstrations of such
rehabilitation of degraded and barren land in other
villages and watersheds, and in diverse social
and ecological contexts. People’s participation,
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Dhakal, M. (2009). Local initiatives for rehabilitating
degraded communal gazing land (Nepal). WOCAT
SLM Database. Retrieved from https://qcat.wocat.
net/en/wocat/approaches/view/approaches_2353/
Guedel, N. (2011). Rehabilitation of degraded
communal grazing land (Nepal). WOCAT SLM
Database. Retrieved from https://qcat.wocat.net/en/
wocat/technologies/view/technologies_1492/
CASE STUDY 6

5.4.2. Incentivizing ecosystem services for
communities
THE ISSUE

The KRB has diverse ecosystems that provide
various goods and services to living beings.
However, natural hazards and human factors
such as infrastructure development and growing
populations have severe impacts on the flows and
quality of ecosystem services. Ecosystems in the
KRB and their services are degrading seriously in
this basin (Sah 1997; Uddin et al. 2015; Zhang et al.
2018), negatively impacting people’s livelihoods.
In order to sustain the flows of ecosystem
services, establishing payments or incentives for
ecosystem services (PES/IES) is one possible option
(Huberman 2008). In the context being discussed
here, IES is a mechanism wherein upstream
mountain communities are compensated for their
efforts at conservation and ecosystem management
by the users of its services, typically located
downstream. It is considered an instrument for the
sustainable use of resources and to augment local
livelihoods. The concept has gained momentum
in recent years, as it is also generating sustainable
and new resources for conservation finance. IES
has been gaining support from local governments
and communities because of being an incentive
mechanism and acting as a poverty reduction
programme (Lipper et al. 2009). Recent research
findings from the KRB have demonstrated the
usefulness of IES, in which water user communities
downstream incentivize upstream communities to
conserve water resources (Bhatta et al. 2014; Rai et
al. 2017).
ACTION TAKEN

Dhulikhel municipality is a small town in
Kavrepalanchok district, with a population of
16,263 (CBS 2011). A community-based drinking
water supply scheme was established in 1992,
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possibly the only urban water supply system
managed by users in Nepal (Bhatta et al. 2014).
Nearly 20 litres/second of safe drinking water
was supplied from an upstream water source,
Kharkhola, to residents and establishments in
Dhulikhel through pipelines.
An IES scheme was set up in 2010 with the signing
of a formal agreement between Dhulikhel
municipality and the governing Bhumidanda
Village Development Committee, situated in a
community-managed forest upstream. It was
agreed that upstream communities would be
provided incentives both in cash and kind for
their contribution in conserving water sources
(Bhatta et al. 2014) and ensuring the sustainable
supply of water to Dhulikhel through specified
land use activities. What made this IES mechanism
successful in Dhulikhel was the clear demand for,
and supply of ecosystem services, a transparent
distribution of benefits, the enabling role of
intermediary played by the local government
in facilitating the IES mechanism, and, most
importantly, the direct involvement of the
community.
VARIED BENEFITS

Economic benefits: The incentive mechanism
included direct and indirect payments of NPR
1 million (roughly USD 10,000) to upstream
communities, with an increase of NPR 100,000
every five years (Table 24). It also included support
in kind such as a scholarship in Kathmandu
University (KU) to one student based upstream,
training for teachers at KU, the forest guard’s
salary, and discounts at the local hospital (Patterson
et al. 2017)
Ecological benefits: The agreement between the
two communities specified reforestation, forest
conservation, restricting fuelwood use to coarse
woody debris, and restricting grazing of livestock
in the proximity of water bodies. Nearly 3% of the
amount received by upstream communities is used
for forest conservation (Joshi et al. 2019). This has
enhanced the delivery of the regulatory services
such as water availability in the area.
Social benefits: The Dhulikel water supply system
is regarded as an exemplary community-managed
system (Joshi et al. 2019). The in-kind incentives
to upstream communities, such as discounts for
the poor in Dhulikhel hospital, the university
scholarship, and infrastructure development
have increased people’s access to education and
health. This has linked upstream and downstream
communities in the management of water

TABLE 24

DIRECT PAYMENTS RECEIVED ANNUALLY BY THE BHUMIDANDA VDC (USD)

Fiscal year

Uses of funds

Total

2010‒2011

2011‒2012

2012‒2013

2013‒2014

2014‒2015

To buy pipes for drinking water
supply

‒

5102.56

-

-

-

5,102.56

To construct school buildings

‒

3,000

-

-

-

3,000

To construct a temple

350

-

-

-

-

350

For irrigation facilities

500

-

-

-

-

500

2,000

2,000

2,000

2,000

2,000

10,000

120

360

360

360

360

1,560

Bhumidanda VDC

2,650

13,350

8,000

8,000

8,000

40,000

Total

5,620

23,812.56

10,360

10,360

10,369

60,512.56

School teachers’ salaries
To conserve forests

Source: Adapted from Patterson et al. (2017)

resources and forest conservation.
ENABLING CONDITIONS FOR SCALING UP

Institutional conditions: Nepal has adopted a
legislative framework and some enabling policies
that support the provision for the incentive for
ecosystem services (IES), though its theoretical
basis has not been discussed. For instance, the
National Parks and Wildlife Conservation Act, 2029
(1973), the Electricity Act, 2049 (1992), the Forest
Act, 2049 (1993), the Local Self-governance Act, 2055
(1999), and the Tourism Policy, 2009, empower local
communities to manage natural resources and
mandate that they receive a share of the revenue
for their well-being (Bhatta et al. 2014). However, a
concrete umbrella policy or legislative framework
for IES as exists, say, in Costa Rica and Vietnam
(Porras et al. 2013) is lacking in Nepal (Bhatta et al.
2014).
IES is driven by various stakeholders such as
local communities, private institutions, national
and international NGOs, and local governments.
As this mechanism covers multiple sectors and
stakeholders, coordination and collaboration
is needed. Rai et al. (2018) suggested that
tripartite bodies involving local governments,
local communities, and various government
organizations would be effective in implementing
an efficient IES mechanism.
Technological conditions: A standardized method
to determine the flow of ecosystem services and
their valuation needs to be well supported and

tested before being adopted, not only to minimize
potential conflict, but also to have scientific and
standardized negotiation (Bhatta et al. 2014).
Behavioural conditions: The scaling up of the
IES mechanism not only rests on its feasibility
and ecological viability, but also on the voluntary
participation of individuals. Therefore, a deeper
understanding of the conditions under which this
mechanism will attract widespread support and
participation is necessary (Sorice et al. 2018). Needs
and values should be explicitly integrated in the IES
mechanism.
WAYS FORWARD

Based on the learning from small-scale pilot
projects, it is clear there is a need for a national
umbrella policy supporting IES in Nepal. The
Government of Nepal has drafted a national
policy on IES (ICIMOD 2016b) that has not yet
been approved. Streamlining the concept while
designing large-scale projects, such as the
environment management plans in hydropower
projects, will enable the generation of sustainable
and new resources for conservation finance.
With a changing governance system and political
instability in the country, officials being transferred
or made to change departments, streamlining IES
schemes in local government planning through a
participatory approach would be a more effective
way of including IES in the development process.
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5.5.

Promoting climate-resilient 		
livelihoods

CASE STUDY 7

5.5.1. Climate-smart agricultural 			
practices in the KRB
THE ISSUE

The majority of the people in the KRB rely on
agriculture for their livelihoods. Many are small
or marginal farmers with landholdings of less
than one hectare. Depending on the agro-climatic
conditions, they grow rice, wheat, potato, barley,
buckwheat, large cardamom, and varied fruits,
pulses, oilseeds, and vegetables. They also raise
livestock for food, nutrition, and income.
Farmers in the KRB are facing many challenges
due to an increase in crop-specific diseases,
increasingly unreliable climatic conditions, greater
risks from droughts and floods, and uncertain
market prices. These adversely affect agricultural
yields, stability of production, food security, and
incomes of smallholder farmers. They are also
having to cope with growing environmental and
health hazards from applying insecticides and
pesticides due to their easy availability.
POSSIBLE ACTIONS

It is important to promote an integrated farming
system in the KRB that includes climate-resilient
agricultural innovations and practices for greater
agricultural sustainability. There are five key
elements of a climate-resilient agriculture. They
are:
Weather- and crop-smart practices: In a broad
sense, this approach encompasses seasonal
weather forecasts, agro-advisories based on
information and communications technology, and
index-based insurance. At the farm level, it includes
alterations in the timing of sowing and harvesting
to escape extreme weather or to adjust to changing
rainfall patterns. Maintaining pollination services,
such as through bee-keeping, is also being crop
smart.
Water-smart practices: This approach is based on
the 3R principles ‒ recharge, retention, and reuse.
It includes soil moisture and aquifer recharge,
rainwater and snow harvesting, community
management of water, and the efficient use of water
and irrigation based on crop water requirements.
The choice of crop varieties plays an important
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role if water is scarce ‒ some need less water or
are more drought-tolerant. Other sustainability
practices include applying irrigation based on
a crop’s vegetative phases and watering early in
the morning or in the evening. Household water
harvesting and the judicious and efficient use of
water is also part of a water-smart approach.
Soil- and nutrient-smart practices: This approach
includes maintaining soil health by retaining
organic matter in the soil; low and efficient use of
chemical fertilizers, including site-specific nutrient
management; the optimum use of fertilizers;
the balanced application of macronutrients and
micronutrients such as boron, copper, iron,
chloride, and zinc, among others; green manuring;
crop rotation; integration of leguminous crops,
among other practices. It also includes activities
that control soil erosion and enhance carbon
sequestration by promoting agroforestry and
conservation agriculture, for example, reduced
tillage and other sustainable agricultural practices.
Energy-smart practices: This approach focuses on
minimizing the use of fossil fuels and maximizing
the use of natural energy sources, such as fuelefficient engines and biofuels, plant residue
management, and minimum tillage. It includes
the use of solar power/solar pumps to lift water for
irrigation, energy-efficient dryers, biogas, and of
renewable energy for grinding.
Knowledge- and network-smart practices: This
approach includes farmer-to-farmer learning,
participatory agricultural extension, and farmers’
networks on adoption technologies, maintaining
a community seed storage and exchange system,
and access to market information. It also includes
the exchange of information regarding the specific
requirements of end markets, resource-sharing
among value chain actors, collective branding, and
the use of mobile phones for getting information
about the climate and markets.
CRA-based vegetable farming in Kavrepalanchok
and Udayapur, Nepal
Over a thousand farmers, mostly women, are
engaged in commercial vegetable farming in these
districts. They are applying the following climateresilient agriculture (CRA) practices:
•

Making jholmal, a home-made organic
pesticide and fertilizer

•

Mulching, waste water use, drip irrigation, and
solar pumps for water supply and management

•

Composting for improving soil health and
nutrient supplement

•

Plastic tunnel for off-season cultivation and
protection from weather extremes such as low
temperatures and hailstorms

sell 833 MT of vegetables and altogether earned
USD 197,362 (ICIMOD 2017). All of the farmers used
climate-resilient agriculture practices.

•

Beekeeping for pollination services and honey
production

UPSCALING CRA PRACTICES

•

Use of information and communication
technology (ICT) for access to information
on market prices, the weather, and climateresilient practices

•

Group-based saving and credit at low interest
rates

BENEFITS

By applying off-season vegetable production
techniques, I was able to earn NPR 15,000 from the
first crop cycle, and NPR 44,000 from the second
crop cycle. This amount is three times more than I
could earn from the piece of land in previous years.
– Urmila Khadka, Rauta-5, Udayapur (ICIMOD 2018)
A study by Rai et al. (2018) in Udayapur showed that
CRA practices adopted by farmers in the district
were generating multiple benefits compared to
conventional agricultural practices. The benefit–
cost ratio (BCR) of 1.81 for the former was more
than the 1.02 for conventional farming. A few
farmers in Udayapur decided not to migrate abroad
for work as they were able to earn a good income
from vegetable farming (Awale 2017). Farmers also
reported many co-benefits of CRA practices (Table
25).
Over 350 households, organized into 25 groups led
by women, harvested 866 million tonnes (MT) of
seasonal and off-seasonal vegetables from their
private and leased irrigated land in 2017. They could

TABLE 25

IMPACTS OF CLIMATE-RESILIENT
AGRICULTURAL PRACTICES IN UDAYAPUR
DISTRICT, NEPAL

Activities

Percentage and number
of respondents

Increased income

87% (256)

Use of abandoned land

53% (158)

Less free time

77% (227)

Increased vegetable
cultivation

95% (279)

Control of open grazing

70% (202)

Control of free-range chicken

68% (197)

Livestock shed improvement

51% (146)

Scaling up CRA practices in the KRB is possible
through national and local governments. For
instance, the Government of Nepal has initiated a
nation-wide programme on climate-smart villages.
The elected governments in Kavrepalanchok and
Taplejung districts have also integrated practices in
their local agricultural strategies and plans.
Climate-resilient practices demand capital for
initiation. According to Rai et al. (2018), NPR
537,695/ha/year (USD 5,220/ha/year) is required,
significantly higher than conventional agricultural
practices, which demand NPR 140,171/ha/year (USD
1,361/ha/year). Therefore, financial, technical,
and agricultural extension support from the
government and other agencies, including banks
and the private sector, to smallholder farmers at
an initial stage can contribute to scaling up and
scaling out.
Together with government agencies, civil society
organizations can mobilise farmers to work
collectively in knowledge-sharing, production,
processing, marketing, and savings and credit, with
a focus on capacity-building of women and youth.
The media too can play a key role by reporting
and disseminating success stories. Finally,
scientists can contribute to the scaling up process
by generating scientific evidence about resilient
practices.
FURTHER READING:

Agarwal, N. K., Alfthan, B., Oort, B. V.,
Leikanger, I., & Schoolmeester, T. (2017).
Adaptation in the Himalayas: Knowledge, action
and results. Highlights from the Himalayan
Climate Change Adaptation Programme (HICAP),
2012–2017. Retrieved from http://lib.icimod.
org/search?ln=en&sc=1&p=HICAP&f=&action_
search=Search
Awale, S. (2017). Back to the land. Nepali Times,
8‒14 September. Retrieved from http://archive.
nepalitimes.com/article/nation/migrants-returnhome-to-do-commercial-farming,3929 (accessed 5
February 2021)
ICIMOD (2016). Preparation of jholmal in RMV pilot
sites: Upscaling a local practice. Kathmandu: ICIMOD.
Retrieved from http://lib.icimod.org/record/32370

Source: Rai et al. (2018)
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pdf
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CASE STUDY 8

5.5.2 A comprehensive agricultural
drought monitoring system
Contributor: Faisal M. Qamer, ICIMOD (faisal.qamer@
icimod.org)
THE ISSUE

Two-thirds of Nepal’s population depends on
agriculture for their livelihoods, and more than
one-third of its GDP comes from the agriculture
sector. However, agricultural production across
the country continues to be challenged by various
factors, such as a high degree of spatial and
temporal climate variability, the dominance of
rain-fed agriculture, the fragile economic condition
of most farmers, and traditional mountain
practices. The weather or climatic patterns have
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become uncertain in both timing and intensity due
to climate change. Farmers and institutions are
unable to adapt, hampering crop productivity, and
increasing the fragility of livelihoods. Provisioning
for easily accessible, timely, and relevant
information by national agencies regarding
seasonal climate and crop conditions is helping
farmers cope with climatic variability and limiting
the economic and social damage.
ACTION TAKEN

The key feature of the solution is to integrate
satellite remote-sensing with an operational
agricultural monitoring system in Nepal that
allows crop analysts to track the development
of the growing season and provide actionable
information to decision makers to develop effective
agricultural policies and a timely response to food
shortfalls. ICIMOD, through its SERVIR‒Himalaya
initiative, and in collaboration with the World Food
Programme (WFP) and the Ministry of Agriculture
and Livestock Development (MoALD), Government
of Nepal, has established a comprehensive
agricultural drought monitoring system. It analyses
historical climatic patterns and information about
crop conditions, captured through near real-time
earth observation data, and compares this with
the current growing season to provide timely
assessments of crop growth conditions.
The drought monitoring system uses remotesensing data pertaining to vegetation indices,
temperature, and rainfall, to generate anomaly
maps that are interpreted to predict an increase or
shortfall in production. Through a user-friendly
application, comparisons can be made using
graphs and figures at the district and VDC levels.
Timely information on possible anomalies in
crop production is used by institutions such as the
MoALD and the WFP, Nepal for an appropriate
management response.
The World Food Programme uses drought analyses
to understand the patterns regarding the onset
and severity of droughts across the region. The
WFP uses these products, particularly in the case
of extreme events such as floods and droughts,
in evidence-based communications to inform
the donor community and decision makers at the
highest level in Nepal to mobilize relief and make
other timely interventions.
The drought monitoring system provides key
inputs in the biannual crop status assessment,
which informs food security-related decisions.
Its future potential includes integrating data

pertaining to agricultural inputs, socioeconomics,
demographics, and transportation, to holistically
assess food security in the region.
BENEFITS

Earth observation satellite data and analyses from
the agriculture drought monitoring system were
used to help identify drought-hit areas, directing
the distribution of food worth USD 1,000,000 to
the areas most in need. Building from the existing
agriculture drought monitoring system, the
MoALD’s Pilot Programme for Climate Resilience
(PPRC) has been integrating earth observationbased data products in the agriculture advisory
system established at the Nepal Agricultural
Research Council (NARC). Based on its successful
demonstration in Nepal, there are ongoing efforts
to enhance agriculture drought monitoring systems
by integrating Earth observation-based data at
the relevant meteorological and agricultural
institutions in Afghanistan, Bangladesh, and
Pakistan.
Extracted and adapted from Mishra, A., Agrawal, N.
K. & Gupta, N. (2017). Building mountain resilience:
Solutions from the Hindu Kush Himalaya.
Kathmandu: ICIMOD.
FURTHER READING

ICIMOD uses NASA and USGS data to help Nepalese
officials address severe drought. (2016). Retrieved
from https://servirglobal.net/Global/ Articles/
Article/1489/icimod-uses-nasa-and-usgsdata-tohelp-nepalese-officials-address-severedrought
Food security impact of the flood in Nepal. (2017).
Retrieved from http://neksap.org.np/uploaded/
resources/Publications-and-Research/Reports/
Report_Nepal_Flood_Version1_20170821.pdf

5.6.

Enabling transformative 		
livelihoods

CASE STUDY 9

5.6.1. Achieving gender transformative 		
changes through water 			
management practices
THE ISSUE

There has been an increasing trend in average
temperatures across the basin (Shrestha et al. 2016;
also see chapter 2). These trends, accompanied
by changing rainfall patterns, are resulting in
increased droughts, floods, soil erosion, and crop
failure. Its impacts are not uniform. Poor women
and also men from marginalized social groups are
likely to be disproportionately affected (Khadka et
al. 2015).
The responses to these adverse impacts are also
not similar; it differs among women and men
and intersects with their caste or ethnic identity,
geographical location, educational level, economic
status, and physical abilities. The interlinkage
of sociocultural factors and the social structure
also determine individual responses to climatic
stressors (Goodrich et al. 2019). Essentially, women
and men experience, and respond to climate
change and its hazards differently. Women (and the
marginalized) have unequal access to, and control
over resources, thereby limiting their voice and
concerns both within households and in the wider
community.
In order to address the adverse impacts of climate
change and also bring about social change, a
gender transformative approach can be adopted
in water resource management. It would trigger a
series of positive changes, which, taken together,
would be transformative. It would enhance assets
and services, which would improve the livelihood
status of poor, marginalized women (and men).
Having greater assets would enhance their agency,
which would in turn increase their influence
and voice, enabling them to change policies and
institutions that pose barriers to their well-being.
ACTION TAKEN

We analyse two case studies from the KRB of a
gender transformative approach in addressing
the adverse impacts of climate change (Table 26).
It includes analyses of the actions taken by the
relevant government departments, NGOs, and
community representatives in seeking to bring
about social change.
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TABLE 26

GENDER TRANSFORMATIVE CHANGE IN THE KRB IN NEPAL: TWO CASE STUDIES

Aspect

Case study 1

Case study 2

Water management
practice

Rainwater harvesting ponds (reuse and reduce)

Conservation ponds (retention)

Location

Mithinkot VDC, Kavrepalanchok district

Ward 5 & 8, Sipapokhare VDC, Sindhupalchok
district

Situation analysis

There were no irrigation facilities in the village
due to the lack of adequate water sources,
harming people’s livelihood opportunities

Women were having to walk long distances to fetch
drinking water. Agriculture was entirely rain-fed;
the water scarcity was impairing food security, with
households unable to grow vegetables

Action taken

22 rainwater harvesting ponds constructed

12 conservation ponds dug

Duration

2007

2013

30 tunnels dug.
Tunnel size – 5 m x 12 m. Drip and pipe
irrigation used in the tunnels

Total

22 households

12 conservation ponds

Implementing
partners

Centre for Environmental and Agricultural
Policy, Research, Extension and Development
(CEAPRED), Lalitpur, and the District
Agricultural Development Office

District Soil Conservation Office (DSCO),
Sindhupalchok

Total funds

‒

NPR 312,000

Methods of fund
mobilization

‒

Beneficiaries

Initiated with 22 farmers. Now every household
has a plastic pond to store water in and around
the homestead

19 households

Management

Jor Salla Vegetable Seed Production
Cooperative established in 2008

User committee established for operations and
maintenance

Utilization

Production of hybrid tomato seeds

Irrigation, seed production, paddy cultivation, and
growing vegetables, mangoes, and litchis

Resource inputs

Cash, labour, land, and plastic sheets

Cash, labour, land, and plastic sheets

Other stakeholders
engaged

National Agriculture Research Council,
Kathmandu

Sarbangini Cooperative and the Red Cross, Nepal

BENEFITS

The interventions added assets, chiefly water, and
a service, the supply of water for women, the poor,
and marginalized people in these two locations.
Rainwater harvesting: Rainwater was collected
in rainwater harvesting ponds lined with plastic.
This water was used for producing tomato seeds,
growing vegetables, and, at times, paddy. Initially,
two women from the village were trained by
the NARC in hybrid seed production. In 2015,
22 farmers were involved in producing tomato
seeds. They produced more than 900 grams of
hybrid seeds in two tunnels. Pollination by hand
is required for hybrid seed production; the women
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Silpaulin plastic ponds with plastic tunnels for
irrigation of vegetables, orchids, and paddy

Technical intervention
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DSCO contribution ‒ NPR 129,000;
community contribution ‒ NPR 183,000

took on this tedious job that demanded hours of
focused work in the peak season.
The application of rainwater harvesting technology
helped enhance skills, such as being able to
produce hybrid seeds, and, in turn, improved
household incomes. A household could earn about
NPR 80,000 a year from tomato seed production
in one tunnel. Female farmers got together as
a collective under the Jor Salla Vegetable Seed
Production Cooperative. Girls in secondary school
were also involved in pollination without missing
school, by working in the early mornings and
evenings. Responsibilities that are conventionally
borne by women, such as fetching drinking water,

began to be carried out by the men, as the women
were busy with pollination. This intervention
improved people’s capacity to adapt to climatic
stressors like droughts, and increased family
incomes.
Conservation ponds: The DSCO promoted
the construction of 12 conservation ponds in
Sipapokhare VDC. The infusion of government
funds encouraged individual households to
contribute as well. A user committee was formed
for the operation and maintenance of the ponds,
and the project implemented in coordination with a
local organization, the Sarbangini Cooperative.
The conservation ponds, smaller in size than
regular ponds, were lined with plastic and
replenished with rainwater and domestic
wastewater. The water collected was used for
multiple purposes inside their homes. Outside
homes, it was mainly used to cultivate vegetables,
and even to grow paddy. It also enabled women
to engage in fish farming and plant rudraksha
(Elaeocarpus ganitrus). Some households shifted
from maize terrace farming to growing vegetables.
The women gained direct access to cash incomes
earned from vegetable farming. In another change
observed at the household level, women began
to negotiate with their husbands to allocate extra
funds for pond repair and maintenance.
Changing norms: The women came together
as a cooperative as it enhanced their agency to
collectively tackle their challenges. They were
hence able to increase their influence, to negotiate,
and mobilize resources, to address the common
problems of water stress, and to diversify the
uses of water. Voice, influence, and agency are
intangible things but are essential in enhancing
human action towards greater individual and
collective well-being.
The power of collective bargaining bolsters the
capacity of women to negotiate with their husbands
and influence the decision-making process of
mobilizing family resources when the benefits are
realized in a short time (Doss and Meinzen-Dick
2015). In both the cases discussed, women were
more actively engaged than men in vegetable and
seed production, giving them direct access to, and
control over financial resources. This enabled them
to make choices and brought about a change in
power relations within the households.
Although the men’s support in fetching drinking
water because the women were involved in hybrid
seed production was an integral component of
empowerment, it has to happen within households

(Kabeer 2005). The negotiations and bargaining
process that takes place within households
contributes to women making choices, challenging
power relations, and strengthening their leadership
skills. The support of collective agency and gaining
a strong voice and influence can enable women
(and men) to interrogate and alter the statutory
as well as customary rules that affect women and
marginalized communities.
UPTAKE AND UPSCALING

A household or community can prepare rainwater
harvesting structures, build a pond, and irrigate
their fields. However, funding is required to pay for
the plastic sheets, labour, tools, and equipment.
How much the cost would be depends on the size of
the ponds constructed.
If the project is to be scaled up for better outcomes
and to achieve gender transformative change, it
is significant to understand the processes of how
women, as well as the men from disadvantaged
social groups, secure access to, and control
over resources. These processes vary among
households, within communities, and between
regions. To support collective bargaining by
women, it is also essential to understand how
households as institutions respond to collective
action and how they make decisions. The
composition of people of different generations
within a household, with varied power relations,
abilities and needs has an important bearing on
this. It is important to research and understand
these dynamics, restrictions, and control before
seeking to implement this action.
CASE STUDY 10

5.6.2. Agricultural collectives in 			
Bihar
THE ISSUE

In the villages of Mahuyahi and Bhagwatipur
in Madhubani district, Bihar, landlessness is
widespread, and 61% and 66% of the agricultural
land in these two villages respectively is under
tenancy, a situation not uncommon in the
Mithilanchal region. Landless tenant farmers,
who comprise approximately a quarter of the
households here, rent in land from landlords under
a sharecropping system known locally as bataidari,
wherein the landlord retains half the harvest
as rent in kind. A further 36% of the farmers in
Mahuyahi and 8% in Bhagwatipur rent in a part of
the land they till from others as their own private
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plots are too small, usually less than 0.2 hectares.
There is also a sizeable number of landless
labourers, as well as a number of small landowners
who do not rent in land regularly, but may move
in and out of tenancy arrangements periodically
according to their family’s needs.
Although fixed rent contracts are becoming more
common, sharecropping remains the predominant
form of tenancy. It acts as a disincentive for the
investments in irrigation needed to build resilience
to increasingly erratic rainfall and to extend
cultivation into the dry months for food security.
The lack of capital, the tiny size of holdings, and
insecurity of tenure act as serious constraints. If
there is any rise in productivity from investments
made in the land, the landlord retains half
the increase in output. There is therefore little
incentive for tenant farmers to invest in irrigation
or improved inputs.
In such an agrarian context, it is common that
some males migrate out for work, and their
remittances, combined with the meagre returns
from farming, sustain households. Neither is able
to meet their subsistence needs on their own, and
nor have migrant wages increased to levels that can
cause tenancy to drop.
With male outmigration, the women are
increasingly in charge of managing the land. While
this opens avenues for gender empowerment, it
can also increase their vulnerability. Patriarchy
often constrains women in equitable access to
agricultural services and participation in the public
sphere. With the males of the household absent,
women often have reduced bargaining power
while negotiating for services such as water from
groundwater markets.
Against this backdrop, one potential way
forward for landless and poor farmers is the
pooling of land, labour, and resources. Such
small-scale collectivization of agriculture would
both improve their political power and increase
productivity. This collective approach to farming
can address contemporary agrarian challenges
such as landlessness, diminishing plot sizes, the
feminization of agriculture, and poor economies
of scale. This approach goes beyond merely
forming groups to purchase inputs, secure credit,
and market the produce – the model followed by
most contemporary cooperatives – and would also
involve the collectivization of land, capital, and
even labour.
The experience of the collectivization of agriculture
in the erstwhile Soviet bloc, as well as such
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experiments in Tanzania, Ethiopia, and countries
in Latin America showed that productivity
stagnated and incentives were low. This was
primarily due to their large size and top-down
nature, the limited participation of the producers,
particularly women, in planning, and the fact that
participation was often not voluntary. The few
successful collectives from this period in these
countries were small in scale, with a high solidarity
and social affinity among participants, and where
they participated in decision-making, resulting in
many post-socialist collectives surviving. Agarwal
(2010) thus proposes a new model of collective
production for India which is voluntary, and
comprises small groups of 10‒20 households that
are socioeconomically homogenous. Decisionmaking, she suggests, must be participatory, the
benefits distributed equally among members, and
there should be rules and penalties in place for nonperformers.
Since the 1990s, a new model of collective farming
has indeed emerged in India, oriented to the needs
of land-poor female farmers. Successful collectives
have been set up in Bihar by local NGOs such as
Pragiti Grameen Vikas Samiti (PGVS). They have
mobilized 149 groups of landless female farmers, of
which 62 are operating collective farms in the state.
Collectives are also well established in Telangana
and Kerala. An extensive survey found that these

collectives outperform individually cultivated
farms for most crops (Agarwal 2018).
The Madhubani-based NGO, Sakhi, broke new
ground by setting up fishers’ collectives in the
1990s and 2000s, following similar principles,
thereby empowering the underprivileged Mallah
community of traditional fishers in this remote
part of Bihar. As early as 2013, and inspired by
these success stories, Sakhi and the International
Water Management Institute (IWMI) discussed
replicating the collective model in farming and
combining it with up-to-date irrigation and land
management practices. This would address both
the biophysical and structural factors that have
blocked agricultural development in the region.

Mahuyahi village demonstrated a very high level of
cooperation whereby farmers made a joint lease,
and shared their labour, other inputs, and profits.
These latter two groups merit further analysis.
Together they cultivated 2.6 ha of land. They were
able to negotiate a fixed rent contract on favourable
terms with far greater incentives and benefits to
tenants than sharecropping. They began collecting
monthly contributions towards a savings fund
before the start of the winter rabi season. The
collective shared the investment in fertilizer and
the labour involved in preparing the land, before
planting wheat and mustard. Following the rabi
harvest, they planted summer vegetables.
THE ADVANTAGES OF COLLECTIVIZATION

ACTION TAKEN

The collective experiment was initiated in
November 2015 by Sakhi, IWMI, and the Indian
Council for Agricultural Research (ICAR), Patna.
Four farmers’ groups were set up in village
Bhagwatipur, and three in Mahuyahi. Several
models have emerged. Two groups mobilized
existing smallholders for shared training,
irrigation, and marketing. Three groups of tenant
farmers took out a joint lease, cooperating in land
preparation, irrigation, and marketing of the
produce. A youth group and women’s group in

There are a number of clear advantages of these
collectivization experiments that were observed.
Labour management: A primary advantage of
organizing as collectives is that it saves time,
a key issue for women in the context of male
outmigration, because of their increased work
burden. Labour-intensive tasks such as planting
and harvesting usually require some hired labour,
and finding workers on time can be a challenge.
Delaying planting the crop can result in lower
yields. Now, however, with collective production,
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all tasks were done as a group and having to search
for labour ceased to be a problem for the women.
Members of the collectives also noted that in the
past, each farmer would have to follow up on tasks
such as going to the market to buy fertilizer. Now
these could be delegated to one member, freeing
up the other group members to engage in other
activities. Each member also brought in his or her
skills and experiences, and hence knowledge in
the group was, in effect, pooled along with the land
itself.
One concern voiced by the project team was of
some members not contributing their labour
on time or shirking work. This is a longstanding
critique of collective production systems. However,
a greater challenge lay in the fact that farmers had
busy work schedules, and coordinating going to
work on the land at the same time was not easy, and
could lead to conflict and mistrust. As a result, two
groups in Bhagwatipur that had been pooling their
labour and output resorted to farming individual
plots, but continued to cooperate at certain stages
of the production process. The two groups that
were pooling their labour managed to maintain
a strong solidarity and disagreements were less
common. Their members did not farm any other
land outside the collective, so conflicting demands
and responsibilities were less of a challenge.
The past experience of collectives has shown that
peer pressure ensures that everyone does their bit.
The advantage of operating a contiguous plot
and Improved Irrigation: All collective farming
groups can pool capital to invest in agricultural
equipment such as tractors, or, importantly, in
irrigation equipment to build resilience to droughts,
or address labour scarcity. This can be achieved by
regular marketing cooperatives or those that pool
inputs.
However, by collectively pooling land as well, the
groups also created the advantage of operating
a contiguous plot. Interviews, focus group
discussions, and a survey revealed that the parcels
of land they rented or owned were often scattered
across multiple locations, a significant barrier to
mechanization and the expansion of irrigation.
In Bhagwatipur, they are farming a contiguous
plot of land rather than scattered rented holdings.
Pooling their land allowed them use tube wells
and pumpsets more effectively, with the costs
shared. Earlier, the amount of land that used
to be cultivated in the winter season depended
on the residual moisture in the soil from the
southwest monsoon. And because of the high cost

178

THE KOSHI RIVER BASIN RESOURCE BOOK

of irrigation, including expensive diesel pumpsets,
large areas would be left fallow after the kharif rice
was harvested. However, on coming together, the
group members was able to share the costs and
collectively operate a pumpset, which increased the
acreage of the winter crop.
Having been trained in the ridge and furrow
method of water management, they began to
cultivate potatoes, as well as traditional staples
such as wheat. The fields of Madhubani are usually
empty during the pre-monsoon season, from April
onwards. But these villages, where the collectives
had planted vegetables, were an exception. New
technologies such as solar pumps were planned.
The benefits of a group approach are not restricted
to irrigation techniques. With the NGO Sakhi’s
support, these collectives were also able to
experiment with the zero-tillage method of wheat
cultivation, and laser levelling. Such technologies
require mechanization and are usually not feasible
for individual farmers operating small plots of
rented land, but do become possible when land is
pooled together by households through a collective.
Increased bargaining power: Such collective tenant
farmer groups have the potential to transform the
traditionally unequal relationship between tenants
and landowners. The improved productivity gained
the support of local landowners; it provided them
with an incentive to invest capital on their land and
also encouraged their tenants to improve land use
management. Tenants now sit in meetings with
landowners to discuss investments in the land and
cropping decisions, something that was rare in
the past. In village Mahuyahi, the two collectives
came together to negotiate a reduced rent from a
landlord, a concession rarely offered.
In the long term, it is hoped that such collective
efforts can increase the bargaining power of
tenants while negotiating rental contracts,
and hasten the shift away from exploitative
sharecropping arrangements to fixed cash rental
agreements. Collectives may also be able to
negotiate for other benefits, such as the necessary
documents for certain subsidies, often out of reach
of tenant farmers without support from landlords.
In the long term, collective bargaining may allow
tenants to more easily claim their legal rights to
tenurial security should a meaningful programme
of land reforms be implemented. It may also be a
precursor to a group collectively purchasing a plot
of land.

CHALLENGES AND WAYS FORWARD

Such farmer and tenant collectives offer some
exciting prospects for a more sustainable
agriculture for marginal and tenant farmers, but
there are challenges to overcome. As mentioned
above, labour participation has at times been a
lingering challenge, and can break group solidarity.
More research is needed on how to most effectively
promote trust and equitable labour contributions
within such groups. This issue may be resolved
with the upscaling of the model, so farmers could
gain most of their subsistence earnings from the
collectives, unlike the current situation in which
farmers take on additional land under tenancy on
their own, potentially resulting in conflict. Another
challenge, and which requires further research,
is how to address resistance from landlords, and
how to ensure that unequal gender relations are not
reproduced in mixed groups. The initial research

BOX 4
CROP DIVERSITY AND OTHER AUTONOMOUS
ACTIONS BY FARMERS
Some farmers have experimented with growing crops
that are less water intensive or growing drought-tolerant
varieties in response to the reduced availability of water.
In the hills, farmers have converted their paddy fields to
growing maize and finger millet, which need less water.
Some communities are planting high-value products
such as tomato, tea, cardamom, ginger, and turmeric
instead of traditional cereals. Ginger and turmeric in
particular are more drought-tolerant than paddy, maize,
and millets, although many farmers choose to plant
traditional varieties of these crops that are better suited
for the harsh environmental conditions. In Bihar, organic
farming on a contract basis has been introduced for
fruit crops such as litchi (Gahukar 2007), and other
high-value crops such as pomegranate and lemon,
which are resilient in times of acute water scarcity.
Since these fruit crops require 1.5‒3 years to produce
yields, they are often inter-cropped with vegetables.
High-value crops increase incomes even from tiny plots
of land. Micro-irrigation systems, such as drip irrigation
or bubble-spray irrigation, are also used to maximize
production and optimize water use, especially for highvalue crops (Kumar et al. 2012; Reddy and Suresh 2009).
In the southern part of the KRB, there exist massive
sand deposits from the Koshi River, which makes it

suggested that women-only groups actually
performed better, as well as experiencing less
conflict.
FURTHER READING

Sugden, F (2018). Tenant farmer collectives for
sustainable intensification of agriculture: Reflection
from Mithilanchal. Proceedings of a workshop on
Water, Livelihoods and Gender Nexus to Advance
Koshi Basin Management (pp. 92‒97). Kathmandu:
ICIMOD.
Sugden, F., Agarwal, B., Leder, S., Saikia, P., Raut,
M., Kumar, A., & Ray, D. (2020). Experiments in
farmer collectives in eastern India and Nepal:
Process, benefits and challenges. Journal of
Agrarian Change, 21(1), 90‒121. https://doi.
org/10.1111/joac.12369

difficult to farm. Cultivation on sandy land has been
attempted in the Indian part of the KRB by several
farmers at different locations. Some farmers have
successfully produced watermelon, ginger, and
sweet potatoes. Some entrepreneurial farmers
have experimented with new crops such as banana,
menthe, and pineapple. Using sand-cast lands for fruit
cultivation has become a coping strategy adopted by
both small and large farmers for different varieties of
fruit, depending on their ability to accept risks (P. Singh
2009).
In Bihar, people have started to plant garamadhan
and sunflower in flood-prone areas. Garamadhan is
a coarse paddy variety sown in February‒March and
harvested in May‒June. Growing garamadhan is an
adaptive response to the acute problem of waterlogging
in villages/lands close to embankments or outside of
embankment protection. Garamadhan addresses the
subsistence needs of farmers, whereas sunflower is
profitable even with low investment. An early variety of
maize has also been introduced by the Department of
Agricultural Research Services (DARS), the agricultural
extension department, in response to the early arrival of
floods, with crops now being harvested by May before
the floods arrive.
An aquatic, non-cereal food crop called makhana
(water chestnut) has been introduced in response to
waterlogging. Makhana is a nutritious plant that can
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grow in waterlogged fields. Its starchy seed is used in
the preparation of various kinds of sweets and other
recipes, and provides a source of income for farmers (P.
Singh 2009).
Many farmers and pastoralists in the upper part of the
basin have reduced their number of yak, sheep, and
buffalo, to reduce the requirement for grass, fodder,
bedding, and people’s time, although they still maintain
the traditional breeds that have been selected for their

BOX 5
TRANSFORMATIONS IN AGRICULTURE AND
LIVESTOCK REARING IN THE BASIN
1. Makhana cultivation: Water chestnut, locally known
as makhana, is commonly grown in waterlogged areas
where rice cultivation is technically infeasible or yields
too low. Makhana is grown over 25,000 hectares (ha)
in the districts of Darbhanga, Madhubani, Samastipur,
Saharsa, Supaul, Purnea, and Katihar in the KRB. Nearly
80% of India’s total makhana production occurs here.
Traditional cultivars provide yields of 1.5 tonnes (t)/
ha whereas improved varieties could give up to 3 t/
ha (Kumar et al. 2020). Makhana cultivation can be
integrated with fisheries, which increases net returns. A
few years ago, it was estimated that farmers in northern
Bihar generated net returns of INR 100,305/ha from
makhana cultivation (Kumar et al. 2014).
2. Bio-drainage: It involves planting agro-forest species
such as fodder plants, bamboo, and eucalyptus on
marshy land in order to stabilize the waterlogged land.
Farmers in northern Bihar practice bio-drainage, which
also increases the organic matter in the soil (Sarvade
et al. 2017). It also provides bamboo and fodder for
livestock during droughts, floods, and during the lean
season.
3. Planning contingency crops: These are shortduration crops planted when the main crop fails
during droughts or floods. In 2017‒18, the Indian
Council of Agricultural Research (ICAR), Patna and
the International Water Management Institute (IWMI)
collaboratively conducted action research with rice
growers in Gaighat in Muzaffarpur district and Chiraiya
in East Champaran district. Both these districts in the
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resilience in a demanding climate (Ning et al. 2016). The
rearing of small ruminants, mainly goats, is replacing
buffaloes and cows in the basin, as they are easier to
manage and fetch a good market price. For the marginal
and landless farmers, sharecropping and the shared
rearing of livestock, mainly buffaloes, cows, and goats,
are common (M. Singh 2009). Most of these farmers
also raise a few goats and poultry, which requires little
investment other than time, and can be an important
source of income for the poor and women in particular.

KRB get flooded regularly, which tends to affect rice
yields. Flood-affected farmers were provided seeds
of alternative crops such as hybrid maize, lentils,
and vegetables. As a consequence, they were able to
generate additional net returns of about INR 16,700/
ha from the timely sowing of maize. Farmers growing
vegetables earned net returns of INR 33,200‒37,700/ha
(ICAR 2020).
4. Tolerant crop varieties: ICAR, Patna has divided
its own command area in the KRB in eastern Bihar
into flood- and drought-prone areas. Accordingly,
suitable drought- and flood-tolerant crop varieties
are recommended to farmers to help them cope
with both those climatic extremes. It also organizes
training sessions for farmers, and provides appropriate
agricultural inputs.
5. Cultivating Boro rice: This is suitable in waterlogged
areas where water accumulates during the monsoon
and cannot be drained quickly.
6. The use of polythene sheets: Farmers grow
vegetables under polythene sheets to protect the
seedlings from heavy rain. Cauliflower, cabbage, and
tomato seedlings are grown in this fashion during the
monsoon period and then transplanted to the main
field during the post-monsoon period (September‒
October).
7. Reclamation of sand-covered land: Responses and
strategies are based on the depth of sand deposition.
Thinly-covered land is cropped after simply mixing
the sand into the soil using simple tillage tools such as
the plough and spade. Areas with medium and heavily
deposited sand are reclaimed by using heavy tillage
equipment such as tractors or a chisel plough, which

help to thoroughly mix the sand into the soil. Adequate
organic manure is added, which increases the soil
nutrients and improves the water-holding capacity of
the soil.
This reclamation process is followed by the allocation
of suitable crops, for instance cucurbits and sugarcane
on land that had shallow-to-medium sand deposits and
banana and other fruit crops on lands with heavy sand
deposits. Farmers in the Koshi’s floodplains in Nepal
are garnering higher incomes by using reclaimed land
and switching to deep-root crops such as watermelon,
pointed gourd, sugarcane, and banana, rather than the
conventional rice‒wheat farming system.

CASE STUDY 11

5.6.3. Innovation in value chains
Contributors: Anu Joshi Shrestha, ICIMOD (anu.
shrestha@icimod.org), Lipy Adhikari, ICIMOD (lipy.
adhikari@icimod.org), Tashi Dorji, ICIMOD (tashi.
dorji@icimod.org), Ghulam Ali, ICIMOD (ghulam.ali@
icimod.org)
This case study is from Naugad rural municipality
in Darchula district in far western Nepal. Though
located outside the KRB, its lessons are applicable
in the basin. The challenges the area faces – of
labour, innovation, and access to markets – are
similar. Poverty and male outmigration are
widespread in far western Nepal. The inaccessible
location, lack of access to resources and services,
and their limited skills and capacities have
traditionally constrained women’s participation as
market actors.
Under these circumstances, Allo (Himalayan
nettle), a perennial herb used to make fibre and
used in traditional medicines, has provided a
viable livelihood option for poor women in the
region. Women of the area have formed groups
and started small home-based enterprises to create
a varied range of products, from bark to highquality, branded, niche products from Allo. Their
efficiency and innovation have not only enhanced
the livelihoods of these rural women, but also
increased their influence in the community.
THE ISSUE

Naugad rural municipality, located in the ApiNampa Conservation Area (ANCA) in western

8. Fisheries in waterlogged areas: A significant part of
the Bihari section of the KRB tends to be waterlogged,
where farmers practise aquaculture to earn some
extra income. They usually raise fingerlings during
the monsoon in upland areas and later transfer them
to waterlogged areas once the monsoon subsides.
Farmers also construct temporary dykes and plant fruit
crops such as papaya, banana, and pineapple on the
dyke. However, the dykes are also prone to floods and
it involves extra costs so aquaculture is the preferred
option.

Nepal, is the site of a pilot project by ICIMOD,
the Kailash Sacred Landscape Conservation
and Development Initiative (KSLCDI). The
municipality is characterized by poor accessibility,
limited economic opportunities, and high male
outmigration.
Allo bark is widely produced in the region; roughly
20 tonnes are produced in Darchula district, and
8‒9 tonnes of it in Naugad (ICIMOD 2015). Despite
its substantial availability, locals had limited
knowledge about its potential in developing highniche products or being the basis for sustainable
enterprises.
THE SOLUTION

The KSLCDI sought to make innovative value chain
additions to this nature-based fibre in Naugad,
with the aim of providing a sustainable income
for, and building the resilience of the target
community. A community-owned common facility
centre (CFC) was established with private sector
support from the SAARC Business Association of
Home Based Workers (SABAH), Nepal, a social
business organization. The CFC played a key role
in demonstrating the various stages of product
design and quality, and imparting knowledge
about market needs and expectations, and
entrepreneurship to its members. As of late 2017, 76
people were working as active members of the CFC,
of whom more than three-fourths were women.
A majority of the female members participated in
stitching, tailoring, and weaving. The CFC nurtured
a number of female-owned enterprises at different
nodes of the marketing chain, as well as provided
exposure and opportunities in Indian and Nepali
THE KOSHI RIVER BASIN RESOURCE BOOK

181

cities to its members. The quality and range of
Allo products increased markedly, enhancing the
possibility of additional incomes to the community.
A buy-back guarantee provided security to
members of the CFC. Over time, the CFC began
to trade in various other products, such as beans,
ghee, rice, and medicinal herbs with SABAH and
with other local and regional traders.
The involvement of marginalized groups ‒ despite
the restrictions placed by socially-constructed rules
of participation, especially for women ‒ changed,
as these marginalized groups began to be regarded
as important actors in the chain. Traditionally, the
Allo fibre has been processed, spun, and woven
as a coarse product for household use; following
the training they received, women were able to
considerably increase their skills in thread-making,
stitching, and weaving. They developed the ability
to produce diversified products such as bags,
purses, suits, cushion covers, scarves, shawls, pot
holders, and runners to meet the demand for these
in both local and international markets.
Members were trained in enterprise development
and leadership skills, and they led and ran the
community enterprise. Uneducated women among
them were trained using picture series manuals
so they could understand the market chain in a
holistic and participatory way. KSLCDI focused
on strengthening the backward‒forward linkages
between SABAH and the community with a
focus on building resilience. KSLCDI developed a
mechanism with SABAH Nepal to build capacities
at the local level, strengthen their supply chain,
reduce logistics costs, and increase the share of
benefits to the community. A brand logo ‘Kailash
– Truly Sacred’, was created to bring recognition
to the local products in high-end international
markets. The sustainability of the interventions
was promoted with more investment for the
enhanced production of Allo, developing linkages
with other line agencies, networking between
individual groups/clusters, and international
marketing connections between SABAH Nepal and
a private company, Riva Organics, India.
The intervention also promoted other
environmentally sustainable measures, including
the establishment of a nursery for resource
sustainability, rainwater harvesting, afforestation
programmes for water conservation, water
and energy conservation, the use of improved
cooking stoves for efficient energy supply, and the
introduction of drought-resistant species.
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IMPACTS AND UPTAKE

The visible changes that followed included higher
incomes, increased individual and institutional
capacities, innovative products, inclusiveness,
better access to markets, and improved well-being
in the community. An impact study by ICIMOD
indicated that the mean income of the target
communities increased by nearly 30% between
2013 and 2015 from the sale of thread, bags, cushion
covers, hats, stalls, mufflers, and coats, which
are sold to SABAH at a premium price. Members
working in the CFC earned more than NPR 3,000
per month from stitching, more than the local daily
wage. By late 2017, there were more than 25 Allobased entrepreneurs in business, demonstrating
the expanding impact of the relatively small
intervention that KSLCDI started in 2014.
The interventions encompassed technology and
process innovations that had significant social
and environmental benefits. Modern equipment
was provided to the CFC’s members that improved
efficiency. The traditional katuwa (hand spindle)
was replaced by modern equivalents that improved
the quality of the products and increased incomes
from Allo by 27%. The use of energy-efficient
‘rocket’ stoves reduced by two-thirds the amount
of firewood needed to boil a given amount (30 kg)
of nettle bark. This implied both reduced tree
felling and reduced emissions and indoor air
pollution. The cooking time per batch was reduced
by 45 minutes, providing women more time to
work in Allo processing. The training imparted in
sustainable harvesting and processing techniques
improved the quality of the yarn considerably, and
ensured the regeneration of the plant. The use of
ash instead of caustic soda reduced the negative
health impacts and was more environmentally
friendly, as the chemical would pollute the waters
of nearby rivers. The use of ash instead enabled
the production of chemical-free fibre, an organic
product with a niche value in the international
market.
Extracted and adapted from Mishra, A., Agrawal, N.
K. & Gupta, N. (2017). Building mountain resilience:
Solutions from the Hindu Kush Himalaya.
Kathmandu: ICIMOD.
FURTHER READING

ICIMOD (2016). Nepal’s allo value chain goes green.
Kathmandu: ICIMOD. Retrieved from http://www.
icimod. org/?q=22747
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