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Executive Summary 

Over the past decades, Nepal has undergone a period of rapid political, social and economic 

changes as it transitioned from a government led by a monarchy towards a democratically elected 

federal government. Water resources management cuts across multiple sectors such as 

agriculture, industry, sanitation, health, energy, environment, tourism, etc., and across several 

themes such as governance, equity and economic development. Despite the promotion of several 

frameworks for holistic management of water resources (e.g., integrated water resources 

management, nexus, water security, etc.), the management of water is still fragmented and 

sectoral in Nepal, which could potentially lead to conflicts, especially in the federal context. 

Furthermore, at present, less than one-tenth of available water resources are harnessed for 

productive uses. 

With the new political changes, water development is expected to take momentum. Western 

Nepal is viewed as having huge potential for water resources development. It is likely that the 

relatively pristine nature of water resources in these basins will change to support regional 

development and national progress through investments in hydropower and irrigation. Planning 

for a sustainable and climate-resilient pathway for such development requires a thorough 

understanding of the existing status of water resources and management structures, and ways 

this may change in the future. Under this backdrop, the Digo Jal Bikas (DJB) project (April 2016-

March 2019), funded by the United States Agency for International Development (USAID), was 

initiated with the goal of promoting sustainable water resources development in Western Nepal 

through balancing economic growth, social justice, and healthy, resilient ecosystems. With 

geographic focus on three basins in Western Nepal (i.e., Karnali, Mahakali and Mohana), the 

project unpacks biophysical characteristics, institutional and policy landscapes, social systems 

and gender, water sources and access, environmental flow requirements, and trade-offs and 

synergies among potential future development pathways. 

Biophysical characterization 

As water availability and its spatio-temporal distribution are affected by changes in land use/land 

cover (LULC), soil, topography and climatic characteristics, the DJB project activities strived to 

characterize these attributes, develop hydrological models, project future climate, and then 

evaluate changes in future water availability under projected future climate scenarios. The very 

first comprehensive regional climate model (RCM) selection framework for Western Nepal was 

developed with disaggregation of projections for the mountain, hill and Tarai regions. Based on 

the projections of 19 different South Asian RCMs, 18 climate future (CF) matrices and 10 plausible 

CF scenarios for Representative Concentration Pathways (RCPs) 4.5 and 8.5 were generated. 

Two hydrological models, one for Karnali-Mohana (KarMo) Basin and another for Mahakali Basin, 

were developed using the Soil and Water Assessment Tool (SWAT) to characterize spatio-

temporal distribution of water availability under the past and future climates. The results showed: 

¶ Current annual average precipitation (P) of the KarMo Basin is estimated at 1,375 mm 

and actual evapotranspiration (AET) is 34% (approximately) of P. There is, however, large 

spatio-temporal heterogeneity.  
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¶ Despite the seasonal and spatial heterogeneity, there is high water availability and high 

potential for water resources development in the basin. Average annual flow volume at 

the basin outlet under the historical baseline scenario is 46,250 million cubic meters 

(MCM), while the discharge at the upstream sub-basin outlets vary from 1.1 to 1,357.5 

m3/s. At the outlet, the monsoon season contributes 71% of the average annual flow.  

¶ RCM projections suggest that high-risk scenarios with drier and warmer climates are more 

likely to occur in the Tarai plains than in the mountains. Average seasonal changes in total 

precipitation (ȹpr) are much higher and variable (-51.6 to 196.8%) than annual values (-

23.8 to 20.7%). The average annual changes in maximum temperature (ȹtmax), ranging 

from 0.5 to 5.3 °C across the mountains and 0.8 to 4.5 °C across the hills and plains, are 

well representative of seasonal changes.  

¶ Based on raw and bias-corrected RCM projections for RCPs 4.5 and 8.5, it can be 

concluded that further into the future, the hills and plains will see the highest fluctuation in 

precipitation while the mountains will see the highest increases in temperature. 

¶ As a result of changes in P, T and AET due to CC, average annual flows at the outlets of 

the KarMo sub-basins are projected to alter, following similar patterns as P to some extent. 

¶ The impacts in the sub-basins at higher altitudes are relatively higher, indicating an 

increase in vulnerability to climate change for the high mountain regions than the flat lands 

in Tarai. For example, in the near future, under RCP 4.5 scenarios, the annual flow volume 

at the outlet of Tila is projected to change by -21.6%, at upper Karnali by -7.2%, Seti by 

+13.9%, Bheri by -5.4%, and Karnali-main by 0.6%.  

¶ There is clear spatial heterogeneity in the impacts of projected climate change on an 

annual scale. For Chamelia, a major tributary of Mahakali on the Nepalese side, water 

availability under future climate is also projected to increase gradually from the baseline 

to near-, mid- and far-futures. An ensemble of five RCMs shows that dry-season (or pre-

monsoon and winter) water availability is projected to increase at a higher rate than the 

average annual values. 

Institutional and policy landscape in water resources management 

Three aspects were studied to analyze the institutional and policy landscape for water resources 

governance in Nepal, and its influence on water management in Karnali and Mahakali basins: (i) 

policy review and institutional analysis, (ii) power mapping analysis, and (iii) in-depth case study 

analysis on hydropower decision-making processes at local levels. The key messages from the 

analysis are as follows: 

ǒ In the context of federalism, river basin planning would serve not only as a platform to 

coordinate cross-sectoral development activities, but also as an institutional mechanism 

to prevent and resolve conflicts between different key stakeholders across scales. In the 

past, river basin planning processes involved mainly sectoral ministries and relevant 

government agencies at national level, with some involvement of local authorities within 

particular basins. Therefore, at present, river basin planning processes need to be fine-

tuned with ongoing processes of federalism. 
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ǒ Conceptually, this requires the incorporation of a bottom-up approach in river basin 

planning processes to ensure the defined plan represents local communitiesô diverse 

development needs and aspirations. While formulating the Water Resources Policy, the 

Water and Energy Commission Secretariat (WECS) initiated this process through a series 

of consultations with local governing bodies in various basins. 

ǒ In practical terms, this bottom-up approach can work effectively if supported by systematic 

capacity building programs targeting the newly elected local bodies, while ensuring that 

they incorporate water resources management as an important cross-sectoral theme in 

their mandates. 

ǒ Research linking politicians and bureaucrats in water governance shows that political 

competitions centred on power interplay between the major political parties drive the 

overall performance of administrative government. Therefore, ensuring that national 

development planning processes (or the lack thereof) follow political agendas at individual 

or party level, neither incorporating the countryôs long-term development vision nor 

coinciding with local communityôs and the wider societyôs development needs and 

aspirations. 

ǒ Hence, the countryôs scattered, inconsistent national development plan as well as its 

overlapping and disjointed development activities should not be viewed as an indication 

of severe lack of governance. On the contrary, it resembles how governance structure, 

processes and outcomes are produced and reproduced through power relations and 

power interplay. 

Gender and social inclusion 

This study developed and applied a project-specific gender equality and social inclusion (GESI) 

framework for assessing the state of GESI in water institutions, policy and practice in Nepal. 

Mainstreaming gender and social inclusion in all work packages was core to DJB. In addition, two 

in-depth GESI focused empirical research, one each at the organisational and community level 

were conducted in order to better understand the gender dynamics in the context of water 

resource management.  The analysis revealed that organisational policy discourses, institutional 

structures and professional culture towards GESI matters in order to achieve gender and social 

justice goals at the community level. Discourses on water should extend beyond considering 

water as natural and technical objects. To see water as social, closely related to hierarchy of 

identities including gender is imperative to achieve inclusive and sustainable development and 

management of water resources. As long as water management institutions do not acknowledge 

the social nature of water and the hegemonic masculinity of the professional culture in water 

governance, policy commitments towards greater gender equality will have little effect on the 

ground. Therefore, it is important that water institutions pay attention to their own masculine 

spaces, practices and attitudes to address equity and justice issues in water resources 

management at the ground level. The study provides the following recommendations: 

ǒ Policy discourses: Extend current framings of water as a resource to water as óa symbol 

of identity, power and citizenship; move away from the engineering approach that 

dominates the water sector. It requires including a greater diversity of voices on water 

needs, experiences and subjectivities to move beyond simplistic representations of óthe 

Nepali womanô.  
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ǒ Institutional structure: Ensure gender, ethnic, and class diversity at all levels of 

policymaking and implementation, allocating adequate financial and human resources for 

more socially just water management and creating specific incentives towards this goal, 

by changing performance evaluation and promotion rules.  

ǒ Professional culture: Institutionalise values that promote positive masculinities of empathy 

and respect within organisations. Opening safe spaces for male and female staffs to 

discuss opinions and experiences on doing gender can be a first step towards enhancing 

their skills, sensitivity and capacity to understand and address gender and social 

hierarchies in their daily practices.  

ǒ The research at the community level calls for investment in the social capital and 

capabilities of women and marginalised people with particular emphasis on womenôs 

linkages and networks, for just and effective water management.  

Water source and access 

Access to water is key to human survival and well-being. It is facilitated or constrained not only 

by the availability of water resources but also governance, and economic and social aspects. 

Therefore, based on socioeconomic contexts and biophysical settings, a set of techno-social 

interventions were designed and implemented, and their effectiveness was evaluated to draw 

learning and insights for local water governance and management:  

ǒ The analysis suggested that ensuring access to sustainable water resources for rural 

communities also requires mitigating and preventing land degradation, as the biophysical 

processes driving water resources are connected to land use practices. 

ǒ Recognizing the multi-functionality of agricultural land and managing agriculture as part of 

the larger landscape are recommended.  

ǒ Farmers can increase water productivity and profitability by adopting proven agronomic 

and water management practices such as collective approaches (in the case of marginal 

and tenant farmers); and where possible, integrated and multiple use of water (e.g., for 

crops, fish, livestock and domestic purposes). 

ǒ As Western Nepal is still lagging behind in terms of agricultural practices, technological 

interventions, capacity building, market linkages, and regular engagement and monitoring 

are likely to bring positive and long-lasting transformations, including up-scaling and out-

scaling.  

Environment 

Environmental flows (E-flows) in the study basins were assessed considering hydrological, 

ecological and sociocultural aspects in an integrated way. Hydrology was assessed based on the 

well-calibrated and validated SWAT model. Ecological aspects were characterized based on 

sampling of macro-invertebrate as an indicator of river ecosystems. Furthermore, sociocultural 

water needs were characterized based on focus group discussions and key informant interviews 

in the basins. The results were integrated and a desktop tool to assess E-flows in Western Nepal, 

namely the Western Nepal E-Flows Calculator (WENEFC), was developed and shared with 

various stakeholders, including representatives from the PAANI program: 
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¶ The Karnali-Mohana Basin has an estimated Mean Annual Runoff (MAR) of 42,224 MCM 

with an annual coefficient of variation of 0.087, while the Mahakali Basin has a MAR of 

25,842 MCM with an annual coefficient of variation of 0.322.  

¶ The Environmental Management Class (EMC) C is generally considered a fair condition 

for a river to be maintained in and Class A is close to natural conditions. According to the 

Hydrological E-flows assessment, based on estimates at 111 locations using the 

Hydrological Method, it was observed that, in general, it is necessary to maintain E-Flows 

of approximately 70% of MAR to maintain a river segment in Class A condition. 

Furthermore, it is necessary to maintain E-Flows of approximately 30% of MAR to maintain 

a river segment in Class C condition.   

¶ Results from the holistic method show that maintaining E-Flows of 70% of MAR or above 

would leave the river in a Class A condition, while maintaining E-Flows of at least 25% of 

MAR would leave the river in a Class D condition, which is not acceptable.   

This is a first step in a continuous process to provide a simple user-friendly tool for rapid analysis 

of environmental flow requirements for Western Nepal, before major water resources 

development projects are initiated in this region. However, there is ample scope for improving the 

E-Flows calculator by extending the ecological surveys to larger segments of the Karnali-Mohana 

and Mahakali rivers, and conducting a series of workshops with expert groups to verify and 

expand the identified relationships between river flow, ecosystems, livelihoods, society and 

culture. 

Future water development pathways 

Water resources development and management present important opportunities and challenges 

for national governments and local communities. Effective balancing of domestic needs with 

development prospects, and economic growth with resource conservation requires careful and 

consultative planning. This study adopted three study approaches: 

ǒ The first study identified development and sectoral priorities for water management 

through consultative processes, and created a framework of development pathways for 

Western Nepal. These visions included state-led and demand-driven development, and 

preservation of ecosystem integrity.  

ǒ The second study contributed to the overall goal of characterizing future development by 

providing estimates of environmental quality valuation. The results demonstrated that 

even among the resource-constrained inhabitants of the Karnali and Mahakali river basins, 

there is significant demand for environmental conservation, demonstrating, once again, 

the importance of including environmental costs in any trade-off analysis.  

ǒ Finally, the third study built on two earlier studies, and developed a hydro-economic model 

(HEM) to simulate optimal water distribution throughout the river basins under several 

development scenarios. Specifically, it demonstrated how water resources could be used 

to meet demands in the energy, agriculture, municipal and environmental sectors. We 

found evidence of trade-offs between the most infrastructure-intensive development 

scenarios and environmental health. There were further trade-offs between agricultural 

production and stringent institutional withdrawal constraints from past treaties. 
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1.1. Context 

The management of water cuts across multiple sectors such as agriculture, industry, sanitation, 

health, energy, etc. and several themes such as governance, equity and economic development. 

A river basin is often considered as an appropriate unit for water system analysis and 

management as both biophysical and human-induced processes can be traced and accounted 

for. Several frameworks such as Integrated Water Resources Management, the Water Energy 

Food nexus and Water Security have been promoting integrative and holistic approaches for 

basin-wide water management. However; the actual management of water, especially in Nepal, 

is still very fragmented and sectorial, which could possibly lead to tension and conflict as water 

demand and development increase.  

Despite recent political and economic progress, Nepal remains a least developed country and 

one of the poorest countries in South Asia, with 23.8% of the population living below the poverty 

line. Water resources remain a particularly under-developed sector, which has been identified as 

a key resource for development and economic growth in Nepal (GoN-WECS 2011). Progress has 

been made in increasing the proportion of the population with access to improved drinking water 

sources and improved sanitation facilities, (85% and 62%, respectively for 2012/2013), however 

the extent of coverage is still low, particularly for sanitation (GoN/UNDP, 2013). Although the 

country has 225 billion cubic meters (BCM) of water available annually, only an estimated 15 BCM 

(less than 7%) has so far been utilized for economic and social purposes (GoN-WECS 2005).  

Similarly, an estimated 43,000 Mega Watt (MW) as economically feasible potential for hydropower 

development is available in Nepal (Sadoff et al., 2013); however, the installed capacity of power 

plants connected to the national grid is only some 689 MW (WECS, 2010), and Nepal currently 

suffers from acute energy shortages. Agriculture consumes most of all water withdrawn in the 

country. Furthermore, over 80% of Nepalôs population depends on subsistence agriculture for 

livelihoods (World Bank, 2013). However, only 24% of arable land is irrigated, crop productivity is 

significantly lower than in the rest of South Asia, and the country relies heavily on food imports 

from India. Women are largely responsible for agriculture but do not have the requisite social or 

legal status to have decision making power over land and are not targeted for the acquisition of 

new skills and technologies through extension services. Despite vast groundwater reserves in the 

Tarai, tube well development remains limited, particularly for the marginal (<0.5ha) and tenant 

farmers who constitute the majority of cultivators. As a result, vast tracts of land remain fallow 

during the winter and summer dry seasons. In this context, water resources development and 

management, particularly in the hydropower and agriculture sectors, represent a key building 

block for future of the countryôs economic growth and poverty reduction strategy. 

Recent talks between the governments of Nepal and India on hydropower development and the 

interest/ investment from the private sector as well as development banks has already started the 

development of new hydropower projects. There are also a number of irrigation projects proposed 

under the new irrigation master plan, currently being drafted by the department of irrigation. Water 

resources planning however; is still being done in a very sector-wise manner. The existing legal 

frameworks contain both conceptual and operational gaps in terms of linkages between land-

water-environment management policy both horizontally (between the different government 
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agencies at each administrative level) and vertically (between the same government agencies at 

different administrative levels). While sustainable resource management and economic 

development are commonly-held policy objectives, it can be difficult to form a single, cohesive 

vision for regional development. Sectoral tradeoffs that require prioritization of some types of 

resource use over others and different institutional interests can present planning challenges. 

Visions for a certain development pathway can also differ between national level planners and 

local communities. There can be disconnections between the national and local governments on 

plans and priorities. 

Furthermore, water resource development requires alteration of river flows for timely water supply 

or power generation, and therefore modification of natural ecosystems including built 

infrastructure. On the other hand, it is also true that the benefits that accrue from water 

infrastructure are themselves dependent on ecosystem services. For example, the performance 

(i.e. yield, reliability, resilience and vulnerability) of an irrigation canal is affected by the flow-

regulating services of natural ecosystems that exist in the upstream catchment of the canal intake 

point. Hence, ecosystem services are integral to the functioning of built water infrastructure. 

Although built infrastructure enhances some ecosystem services (for example regulating and 

provisioning services), it adversely affects others. Services are lost when ecosystems are 

destroyed or damaged by the construction of dams, reservoirs, irrigation systems and canals. For 

example, wetlands may be drained or drowned, or seasonal patterns of river flow and 

groundwater may be disrupted, leading to changes in ecosystem function. The loss of natural 

ecosystem services, including biodiversity, is frequently overlooked or inadequately 

compensated. As a result, the disadvantaged people who tend to rely most heavily on these 

services, a group in which women are over-represented, typically bear many of the costs of 

development. Thus, water infrastructure development for poverty alleviation requires careful 

consideration of the trade-offs and complementarities between built water infrastructure and 

natural ecosystems 

Fragmented and sectoral management can amplify inefficiencies, inequalities and can lead to 

degradation of ecosystems and their services and functions. In addition, global changes such as 

climate change or economic transformations can also lead to further stresses on the hydrological 

system and ecosystems and turn water allocation into a conflict-laden task. Therefore, the 

planning and management of water availability, access and development cannot limit itself to 

static biophysical analysis. Institutions, socio-economic constraints and opportunities - particularly 

gender and caste relations, and geo-political realities shape the impact of water management at 

basin/ sub-basin and national/local scales. Future challenges and opportunities linked to climate 

change, economic globalization, and political transitions also need to be considered. At a basin 

level, transboundary issues can further complicate resource management. Similarly, at the local 

level, increasingly fragmented landholdings, a skewed land distribution and exploitative tenure 

relations have reduced the incentives or capacities for farmers to invest in technologies that 

improve agricultural productivity. 

Some of the main barriers for implementing integrated water management approaches include 

neglect of existing political structure and processes within and beyond the water sector (Allan, 

2003), adequate inclusion of tradeoff assessments between the various objectives (Molle, 2006) 

and a lack of data and information necessary for planning. These criticisms recommend an explicit 
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recognition that decisions related to water resource management are political choices (Wester et 

al., 2003) and to shift from unrealistic blueprint institutional arrangements to adaptive, flexible and 

inclusive approaches such as poly-centricity (Blomquist and Schlager, 2005, Suhardiman, 2015).  

Furthermore, there is an increasing recognition of the need to allocate water for environmental 

purposes, besides the more traditional allocation to cities, industries and agriculture. During the 

planning and design stages of water resources development projects, these environmental flows 

should be considered explicitly alongside those of other users. These environmental water uses 

and requirements ought to be defined on the basis of observed direct linkages between changes 

in ecosystem character and the delivery of important ecological services to people (e.g. fish as 

food, high quality drinking water, riparian trees for house construction and recreation, etc.). 

In this context, the USAIDôs Digo Jal Bikas (DJB) project strived to promote sustainable water 

resources development in Western Nepal through balancing economic growth, social justice and 

healthy, resilient ecosystems. The project contributes directly to IR2.3 of the USAID Nepal 

Country Development Cooperation Strategy (2014-18), focusing on means to increasing the 

resilience of targeted natural resources and consequently improving the livelihoods that are 

dependent on them. The geographic focus of this project is the basins and sub-basins in the 

Karnali and Sudurpaschim Provinces of Nepal, with a particular focus on the Karnali, Mahakali 

and Mohana River Basins (Figure 1-1). 

Figure 1-1: The study region ï Karnali-Mohana and Mahakali river basins. DJB is ñDigo Jal Bikasò. 
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1.2. Project goals and objectives 

The overall goal of this proposal was to promote sustainable water resources development in 

Western Nepal through balancing economic growth, social justice and healthy, resilient 

ecosystems. The geographic focus of this proposal are the basins and sub-basins within the Mid-

western and Far-western Development Regions of Nepal, with a particular focus on the Karnali 

basin including the Mohana sub- basin in the Terai and the Mahakali basin (See Figure 1-1). 

Three objectives are proposed to achieve this goal: 

i) The construction of a sound knowledge base on the current state and use of 

ecosystems and their services and the impact of climate change as well as other drivers 

of future change in west Nepal to identify key information and knowledge gaps. This 

includes a comprehensive database on the study areaôs natural characteristics including 

the river and lake network and their connectivity, groundwater aquifers, wetlands, 

biodiversity and protected areas, their ecosystem services, as well as all water-related 

physical infrastructure and modifications. This objective will help establish key knowledge 

and information gaps and provide key datasets that will be useable for future and diverse 

analyses and planning purposes. 

ii) The development and application of tools, models and approaches (including 

opportunities and risks) for sustainable water resources development under current 

state and future scenarios at the basin and local community scale. In particular, tools will 

be developed to identify the water flows necessary to maintain the integrity of ecosystems 

and their services. This information will then be used for hydro-economical modelling at 

basin scale to explore water allocation under future scenarios, including climate scenarios, 

of different water resources development options and the resulting trade-offs. At sub-

basin, watershed and local community scales approaches for improved water 

management and water governance will be explored. 

iii) Support for the development of integrated policy and practice guidelines on options 

and technologies for sustainable water infrastructure development for government 

and local communities. These guidelines will be designed to promote best practice in 

water-related infrastructure development (e.g. hydropower, irrigation, managed aquifer 

recharge, water storage) at different scales, which supports local communities and 

protects the resilience of ecosystems and their services. The aforementioned knowledge 

base, tools, models and approaches will underpin these guidelines, which will be 

developed with input from government and community stakeholders, as well as donors 

and investors. The policy and practice guidelines will be formulated in collaboration with 

the PAANI program.  

1.3. Implementation approach  

The activities under the three-year project (April 2016 ï March 2019) were packaged under six 

core Work Packages (WP) and two supporting WPs (Table 1-1). The WP setup and interlinkages 

are shown in Figure 1-2. 
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Table 1.1: Digo Jal Bikas (DJB) project work packages (WPs) 

Core work packages 

WP1  
Basin characterization: Bio-physical, socio-economic, and hydro-climatic characterization of 

the basins, including analysis of institutional and policy landscape. Development of 
hydrological models and future climate projection tools also falls within the scope of WP1. 

WP2 
Environmental flow assessment and tool development: Developing a desktop tool for 

environmental flows (E-flows) assessment with consideration of hydrological, ecological, and 
socio-cultural aspects of E-flows; and then assess E-flows in the study basins using the tool. 

WP3 

Basin-scale development scenarios: Identify/characterize a set of basin-scale development 
scenarios for the study basin as potential future development pathways; develop hydro-

economic model; and evaluate trade-offs and synergies between/among the various 
pathways. 

WP4 

Watershed/village water governance and management: Select suitable hamlets; analyze their 
biophysical, socio-economic, institutional and cultural characteristics; design a set of techno-
social interventions aimed at improving water access and use; and evaluate the effectiveness 
of the techno-social interventions to draw learnings on water governance and management at 

local scale. 

WP5 
Gender: Mainstream GESI in WPs of DJB, develop a GESI framework to guide other WPs and 

in-depth empirical research on GESI.        

WP6 
Integrated policy and practice guidelines: Provide inputs in various policy documents that 

government may develop, and policy/practice guidelines that PAANI develops in the course of 
project implementation. 

Supporting work packages  

WP7 
Knowledge management and dissemination: Develop knowledge products based on findings 

of the research; manage and disseminate the knowledge effectively through workshops, 
meetings, conferences, publication international journals, op-ed in mainstream media, etc. 

WP8 
Project management: Ensure the project runs smoothly with monitoring and evaluation of 

project activities for its quality assurance and timely completion; prepare and submit regular 
project reports. 

Furthermore, considering the need for pooling expertise ranging from river ecology and E-flows 

to hydrological modelling, hydro-economic modelling, climate change impact assessments, social 

and gender analysis to institutional policy-analysis, IWMI partnered with Kathmandu University, 

Duke University, and Nepal Water Conservation Foundation (NWCF) to implement this project.  

In addition, a wide range of stakeholders as listed hereunder were engaged in this project, 

representing both next and end users of the projectôs products, tools and knowledge: 

ǒ Public and private sector agencies and multilateral investors who evaluate, design and 

implement water resources development projects and investment programs.  

ǒ National, provincial, and local level water and energy management agencies, e.g. 

Ministry/Department of Water Resources and Irrigation, Ministry/Department of 

Agriculture, Ministry of Forests and Soil Conservation, Water and Energy Commission 

Secretariat and the Department of Soil Conservation and Watershed Management, 

Ministry of Science Technology and Environment (MoSTE), Ministry of Federal Affairs and 

Local Development and Department of Local Infrastructure Development and Agricultural 

Roads (DOLIDAR), District Development Committees (DDCs) and Village Development 

Committees (VDCs).  



 

7 

ǒ Conservation groups that want to establish environmentally sustainable water resources 

planning and management. 

ǒ Women and men in farmer and fisher communities that will be affected by climate change 

and water management decisions in the basin. 

 

Figure 1-2: Setup of the various work packages (WPs) in Digo Jal Bikas (DJB) project. 

1.4. Study basins ï The Karnali, Mahakali and Mohana  

There are three river basins (Karnali, Mahakali, and Mohana) under the jurisdiction of the Digo 

Jal Bikas (DJB) project. Karnali and Mohana basins are characterized as a single unit in this 

study. The study basins have a large degree of heterogeneity in terms of climate, topography, 

geology, soils, and vegetation. Both basins are relatively pristine, as anthropogenic developments 

have been limited here compared to Eastern Nepal. A comparison of selected characteristics of 

the three study basins are provided in Table 1-2. 

1.4.1. Karnali-Mohana Basin 

The Karnali River basin lies in the western Nepal between the mountain ranges of Dhaulagiri in 

Nepal and Nanda Devi in Uttarkhand in India. The Karnali basin covers whole or part of 15 districts 

and is considered to be the least developed region of the country. Among the seventy-five districts 

of Nepal, Humla with the highest poverty index (HPI = 49.3) and Bajura with the least value of 

Human Development Index (HDI: 0.364) (GoN and UNDP, 2014) lie within the Karnali basin. 

Other districts of Karnali have similar conditions as low female literacy, chronic malnutrition and 

high poverty concentration characterize a majority of these districts. The status of access to safe 

drinking water as well as to irrigation is also below the national average. It is thus not surprising 

that the Karnali zone is very much out of the main stream of national development (Bham, 2011).  
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The northern part of the Karnali basin lies in the rain shadow of the Himalayas. The Karnali River 

Basin (KRB) starts in the High Mountains. The headwater of the Karnali River lies about 230 km 

North from Chisapani (mainstream Karnali River length) covering mountainous ranges with 

altitude more than 5,500 m up to 7,726 m. The basin includes the longest river network i.e. the 

Sapta Karnali River (507 km). The West Seti River and the Bheri River are the main tributaries of 

the Karnali River, which originate from the glaciated region of Nepal, whereas the Humla Karnali 

originates in Tibet (Negi, 2004). 

The Mohana sub-basin is part of larger Karnali basin. The Mohana river, lying in south of the 

Karnali Basin, descends from Churia range, flows through Tarai plain, and meets with Karnali 

river at Nepal-India border. Watershed area of the Mohana delineated above the Nepal-India 

border is 3,730.3 km2. The combined basin area of Karnali-Mohana (KarMo) above the Nepal-

India border is 49,889 km2. About 6.9% of the KarMo basin area lies in China. Unlike the dendritic 

drainage pattern of the Karnal River Basin that merge in a main river stream, Mohana comprises 

of a network of parallel streams that do not merge within the Nepalese borders. 

Table 1.2: Summary of characteristics of the three study basins 

Characteristic Karnali Mohana Mahakali 

Originates in 
Tibetan plateaus and high 

mountains 
Nepalese Churia 

hills 
High mountains 

Basin Area1  46,151 km2 3,730 km2 17,371 km2 

Elevation Range2 
5,500 - 7,726 masl 

(upstream of Chisapani) 
113 ς 1,928 masl 83 - 7378 masl 

Location 
Transboundary between 
China and Nepal (6.9% in 

China) 
Nepal 

Trans-boundary between India and 
Nepal (68% in India) 

Stream Network Dendritic Parallel Dendritic 

Glaciers and Glacial 
Lakes3 

1361 glaciers over 1740 km2 (127.81 km3 of ice 
reserve) 

907 glacial lakes over 37.67 km2 

87 glaciers over 143 km2 (10.06 km3 
of ice reserve) 

16 glacial lakes over 0.38 km2 

Soil Types 
21 types with Gelic Leptosol as dominant 

(34.2%) 
18 types with Dystric Cambisols as 

dominant (32.5%) 

LULC classes 
9 classes with Forests as dominant (> 1/3rd of 

the basin) 
9 classes with Forests as dominant 

(55 %) 

No. of DHM 
Weather Stations 

36 used; but only 5 measure all climate 
parameters (P,T,RH,WS,SH) 

7 used; but only 1 measures all five 
climate parameters 

Hydropower 
Projects 

127 proposed projects ranging from 0.5 -1000 
MW 

1 operational, 3 under-construction 
and 5 proposed projects ranging 

from 0.99 -6720 MW in the 
Nepalese side 

Irrigation Projects 
48 existing and 1 under-construction project 
with net command area ranging from 100-

98026 ha 

6 existing and 3 proposed project 
with net command area ranging 

from 170-33520 ha in the Nepalese 
side 

                                                
1 Basin area calculated using basin outlets placed at the Nepal-India border 
2 Elevation range as seen in ASTER GDEM V2 (NASA JPL, 2009) 

 
3 From Ives et al. (2010) 
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The Karnali basin is a biodiversity hotspot with nearly 14% of basin area under protection (WSHP, 

2007). It constitutes of four national parks, one wildlife reserve, one hunting reserve and two buffer 

zones. The Shey Phoksundo National Park is located in the Dolpo district of the Karnali basin and 

is the habitat for the endangered snow leopard and blue sheep. It is also a religious Buddhist site 

and represents Tibetan plateau ecosystem. Rara National Park, located in the Mugu district is the 

smallest park consisting of a huge collection of Himalayan flora and fauna. Bardia National Park 

is the largest and undisturbed protected area in the basin. The park is famous for wild Asian 

elephants and a great number of deer species. The Karnali River supports the last potentially 

viable population of Ganges River dolphin, endangered Mugger Crocodile, fish-eating Gharial and 

the Golden Mahseer (IUCN, 2007). Other wildlife of conservation significance in the basin include 

Royal Bengal tiger, One Horned Rhino, Swamp deer, Back buck, Red panda, Snow leopard, and 

Musk deer (Shrestha, 1982).  

The Karnali basin is the first basin to arouse keen interest in Nepal's vast hydropower 

development potential with several proposed hydropower developments by 2028 such as West 

Seti (750 MW) and Lohore Khola (58MW), which are storage type projects and Upper Karnali 

(900 MW) and Bheri Babai (48MW), which are run-of-the-river type projects. Substantial cultivable 

land had been identified in the Far and Mid-West development regions with future irrigation 

potential of 44,600ha (JICA, 1993). Six large-scale irrigation projects have been proposed in the 

basin, including Bheri-Babai, Chisapani multipurpose, and Rani-Jamara irrigation system. The 

irrigation demand is estimated to rise from 5% of the mean annual Karnali River flow at Chisapani 

to 11% by 2025 (Tahal Consulting Engineers, 2002) due to implementation of Bheri-Babai 

scheme.  

The Karnali Multipurpose Project with power potential of 10,800 MW and irrigation potential of 

191,000ha has been the focus of interest for the government of Nepal (Thapa, 2008). The project 

is proposed at Karnali gorge with a catchment area of 43,679km2, covering nearly 30% area of 

Nepal (Thapa, 2008). If this irrigation project is achieved, it will result in 20% increase in the total 

irrigated land and proportional increase in the yield of food crops in Banke, Bardiya and Kailali, 

the most productive districts of Nepal (Thapa, 2008). The huge storage capacity of the project 

can provide water in the dry season to facilitate irrigation in the eastern parts of India, where 

agriculture production at present is greatly constraint by the lack of water for irrigation in the dry 

season. Rani Jamara Irrigation System is the largest farmers managed irrigation system in Nepal 

located at Kailali district. It uses water from Karnali River and has a command area of 14,000ha 

in 8 VDCs and 1 municipality of Kailali district (DOI, 2010).  

Although thorough and aggregated impact assessments of all proposed infrastructure projects 

are not available, the impacts in river hydrology, riverine ecosystems, and social development as 

well as the national economy are likely to be huge. For example, according to the environmental 

assessment report of the West Seti Hydropower project, the impacts of proposed development in 

the Karnali basin in next 20 years are predicted to increase in dry season by 12.8% (February) 

and decrease in the Monsoon season by 10.1% (July) due to storage of monsoon flows (WSHP, 

2007). Aquatic habitat will be fragmented by flood of river sections, downstream dewatering by 

the hydropower projects and Chisapani dam. But the impact is likely to be at the sub-basin scale. 

There will be increased pressure on forest areas due to inundation and permanent removal. 

Furthermore, there will be increased demand of forest resources as a result of increased 
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population density in Terai versus increased protected area management. The Bheri-Babai 

project will also likely affect the protected area at the dam site as its access road is located within 

Bardia National Park (WSHP, 2007). The Karnali project would inundate about 339 sq.km of land 

and directly displace about 60,000 people (Thapa, 2008). However, the inundation area will be in 

the highlands where the population density and cultivable land is significantly low compared to 

the lowland areas (Thapa, 2008).  

Currently, hydropower development on the Karnali is limited to small micro hydro schemes 

supported by various donors. The cumulative impacts on freshwater ecosystems and biodiversity 

of these and other potential small schemes are largely unknown at this time. Recent work on the 

Nu River in China suggests that such cumulative impacts can be comparable to single large 

hydropower schemes.  

1.4.2. Mahakali River Basin 

The Mahakali is a transboundary river basin that decends from 3,600 m at Kalapani in Nepal to 

200m as it enters the Tarai plains. The river flows through Uttaranchal in India, boarders between 

India and Nepal and then flows down to India to eventually join the Ganges. The basin area 

delineated above the Nepal-India border is 17,371.3 km2. Only 32.4% of the basin area falls within 

Nepalese territory. The basin has a large diversity in topography, which extends from 83 masl in 

south to 7,378 masl in the north. The basin has a dendritic river system with all tributaries merging 

at various points along the main river called Mahakali in Nepal and Sharada in India. Two 

important tributaries of the Mahakali River in Nepal are Chamelia and Limpiyadhura rivers. In the 

Nepalese side, the basin has only 87 glaciers covering 143 km2 and 16 glacial lakes covering 0.38 

km2, of which none are considered potentially dangerous (Ives et al. 2010). The Nepal part of the 

Mahakali basin covers whole or part of four districts, with the human poverty index (HPI) higher 

than the national average (of 31.3) and the lower than the national average (of 0.458) (GoN and 

UNDP, 2014).  

The Shukla Phanta Wildlife Reserve is located in the Kanchanpur district of Mahakali basin, 

covering 7% of basin area. The reserve provides prime habitat for swamp deer and is also listed 

as an important bird area with 15 globally threatened and 13 near-threatened bird species 

(Tuladhar, 2010). Likewise, the Pancheswar multipurpose project with the capacity of 6,480MW 

(12 units of 540 MW each) is the biggest proposed development in Mahakali River basin. 

According to Singh (2013), the environmental impacts of the high dam is negative with a loss of 

$1.8 million worth of agricultural production, inundation of 3,850 ha of land and displacement of 

22,765 people from 2,926 households (Singh, 2013). However; the income from energy 

generation from Pancheshwar High Dam is about $368 million along with $2.6 million income 

from open reservoir fish farming (Singh, 2013). 

1.5. Structure of the report 

This report is organized into eight chapters, including this introduction chapter. Chapter 2 (Work 

Package 1) focuses on biophysical characteristics of the study basins. The chapter starts with 
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the context and need of biophysical characterization, then describes the methodology and 

approach used for biophysical characterization, including future climate projections, and then 

presents modelling results for Karnali-Mohana and Mahakali river basins. During the process of 

biophysical characterization, a large number of data sets, both time-series and geo-spatial, were 

collected and pre-processed, which all will be available in IWMIôs water data portal 

(http://www.iwmi.cgiar.org/2018/06/water-data-portal/). Furthermore, two hydrological models for 

Karnali-Mohana and Mahakali have been developed. A tool for future climate projection has been 

developed. Finally, the chapter lists three annexes, which are primarily the journal articles either 

published already or under review. 

Chapter 3 (Work Package 1) focuses on the institutional and policy landscape in the study 

basins. It first describes the importance of the topic and then describes the methods used, results, 

and conclusion. The results are organized under three main areas ï i) river basin planning process 

and shaping of power struggle; ii) linking politicians and bureaucratic in water governance 

diagnostic; and iii) grass root forces and alliances shaping hydropower decision-making. Finally, 

it lists three annexes, which are the journal articles either published already or in the publication 

process. 

Chapter 4 (Work Package 5) focuses on GESI issues in the context of the study basins. The 

chapter starts with contextualizing the importance GESI in water resource management and then 

elaborates the methodological approach adopted in this study, including gender analysis 

framework, and research findings. Like earlier chapters, three papers which are in the publication 

process are listed as Annexes.  

Chapter 5 (Work Package 4) focuses on water sources and access and gives insights on design, 

implementation, and evaluation of a set of techno-social interventions to improve water 

management and governance. It starts with the approach used for selecting three hamlets as 

sites, followed by the socio-economic characterization of the sites, design of appropriate set of 

techno-social interventions, and their evaluations and learnings. It lists two papers in the process 

of publication as annexes. 

Chapter 6 (Work Package 2) is related to the maintenance of the aquatic environment, with 

specific focus on environmental flows (E-flows). It elaborates the importance of E-flows and need 

for an integrated method for E-flows assessment that considers hydrological, ecological and 

socio-cultural aspects of E-flows. It then describes the methodology, description of the E-flows 

tool developed in this study, and then presents E-flows results for the study basins.  

Chapter 7 (Work Package 3) discusses identification and evaluation of future water development 

pathways for the study basins. It describes methods, data, development visions and priorities, 

and evaluation of water development pathways by means of developing a comprehensive hydro-

economic model for the Karnali-Mohana-Mahakali basins. It finally lists four related publications, 

either already published or in the process of publication as annexes. 

The final chapter deals with conclusions, recommendations, and ways forward. 

http://www.iwmi.cgiar.org/2018/06/water-data-portal/
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2.1. Context 

River basin planning requires a thorough understanding of the biophysical and hydro-climatic 

context of the basin. biophysical characteristics include aspects such as land use/cover (LULC), 

soil, topography and water resources. Spatio-temporal distribution in water resource availability 

is affected by changes in bio-physical and climatic characteristics of the basin. The main water 

balance components are precipitation, runoff, evapotranspiration, and water storage in various 

forms. Human activities also influence hydrological cycles through large artificial storage 

construction such as reservoirs, abstractions for water supply or water transfers to other areas, 

and by adding return flows/drainage from various uses such as irrigation areas. Changes in LULC, 

such as increases in agricultural areas, changes in crop systems, deforestation, or 

imperviousness on urbanized areas can also have significant influence in the processes of 

evapotranspiration, infiltration, soil water storage, and runoff. Biophysical characterization of a 

basin offers evidence for planning, management, and governance of water resources. 

The Karnali and Mahakali basins in Western Nepal (Figure 2-1) account for 28% of total available 

water resources in Nepal (Pandey et al. 2010). Natural resources are also abundant and tourism 

potentials are high. With steep slopes and meandering rivers, Western Nepal offers tremendous 

potential for hydropower development. There are 150 identified hydropower projects of various 

types, including 19 storage projects, under various stages of development, with proposed installed 

capacity ranging from 0.5 to 6,720 megawatts (MW) (IWMI 2018). Total estimated installed 

capacity of all those projects is more than 21,000 MW. Implementing all of these projects will 

contribute to energy security and fuel economic growth for national prosperity. Despite having 

tremendous potential, adequate development and management of water resources has yet to 

gain momentum for various reasons, including lack of an adequate knowledge base on spatio-

temporal distribution of water availability under current and future conditions. Evidence on 

hydrology and spatio-temporal distribution on water availability is useful for policy/decision-

makers and other relevant stakeholders to quantify different types of water security threats; design 

policies and programmes; and devise strategies for better allocation, utilization, and management 

of freshwater resources (Sunsnik, 2010; Thapa et al., 2017) for the countryôs prosperity. It is 

therefore imperative to use state-of-the art tools, such as hydrological modelling, and assess 

spatio-temporal distribution of water availability under current, and multiple future time-frames 

using the most recent climatic scenarios.  

There are several studies focusing on hydrological modelling and climate change (CC) impact 

assessments at local and watershed scales in Nepal (Sharma and Shakya 2006; Babel et al. 

2014; Bharati et al. 2014; Dahal et al. 2016; Bajracharya et al. 2018). However, only Dhami et al. 

(2018) specifically focuses on the Karnali basin, and there have been no studies in Karnali-

Mohana (KarMo) and Mahakali basins. Even the one study focusing on the Karnali has used a 

limited number of stations for calibrating the hydrological model, and has offered impacts of CC 

on spatio-temporal distribution of water availability. Climate change directly affects the 

hydrological cycle. Globally, CC is projected to impact surface and groundwater availability, 

affecting both the quantity and quality of future waters (UN-Water 2011; IPCC 2014). Climate 

change alters the timing and intensity of rainfall, temperature, and runoff; challenges coping 

capacities of existing infrastructures; and brings higher risk of drought and floods, which ultimately 
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affects the hydrological cycle, locally and globally (Kundzewicz et al. 2009; Zhu and Ringler 2012). 

The impacts will be further aggravated by demographic, economic, environmental, social, and 

technological activities (UN-WWAP 2015). Understanding the extent and the significance of CC-

induced alterations in the hydrological cycle and subsequent water availability is of great interest 

to environment and water resource managers. Several studies are being carried out at global, 

regional and local scales to understand water availability under CC (Christensen et al. 2004; 

Gosain et al. 2006; Kundzewicz et al. 2009; Zhu and Ringler 2012; Vaghefi et al. 2013; Devkota 

et al. 2015; Bharati et al. 2016; Trang et al. 2017; Aryal et al. 2018). However, many Nepalese 

basins such as KarMo and Mahakali still lack such studies. 

 

Figure 2-1: The Karnali, Mahakali and Mohana basins in Western Nepal 

In this backdrop, this chapter describes the biophysical characteristics of the KarMo and Mahakali 

rivers basins; characterizes spatio-temporal distribution in water availability; and provides 

information on projected future climate and associated impacts of CC on spatio-temporal 

distribution of water availability. Potential future climates are projected by correcting biases in 19 

regional climate models (RCMs) and water availability is assessed by developing a well calibrated 

and validated hydrological model in Soil and Water Assessment Tool (SWAT) (Arnold et al. 1998). 

Other biophysical characteristics such as LULC, soil, and topography are characterized based on 

secondary data. 
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2.1. Approach 

This study adopted a model-based approach to evaluate current and future bio-physical 

characteristics of the KarMo and Mahakali basins, and understand the spatio-temporal distribution 

of water availability. Figure 2-2 depicts a flowchart of adopted methodology and Annex 2-1 

describes all the methods and data in detail. First of all, existing datasets were compiled, quality 

checked, and assessed for biophysical characterization of current conditions. Various geo-spatial 

and time-series data sets were acquired to characterize topography, soil types, LULC, hydro-

climatology (please refer Figure 2-3 for spatial coverage of the observed hydro-meteorological 

datasets) and development plans for water infrastructure projects in the study basins. Parallel 

efforts were undertaken to set up hydrological models for the two basins and prepare bias-

corrected ensemble climate projections. The calibrated and validated models were forced with 

the projected future climatic data to simulate future hydrology. The model simulated results were 

analysed to assess changes in water balance components under current and future conditions 

and then evaluate spatio-temporal variations in the future water availability. 

 

Figure 2-2: Methodological framework for biophysical characterization of Karnali-Mohana and Mahakali 

basins under current and future conditions. NF, MF, and FF refer to Near-, Mid-, and Far-Futures, 

respectively; DEM is Digital Elevation Model, LULC is land use/cover; HRU is hydrological response unit; 

RH is relative humidity; WS is wind speed; SR is solar radiation; P is precipitation; T is temperature 




















































































































































































































































































































































































