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ABSTRACT
Despite a controversial history, hydropower is expanding in many mountain regions
globally. Much of this new growth utilizes run-of-the-river hydropower designs. Nepal is
emblematic of the recent focus of hydropower development as the government seeks to install
10,000 megawatts (MW) of hydropower in 10 years—more than 10 times Nepal’s current
installed capacity. Although investing in run-of-the-river hydropower projects offers a lowcarbon, renewable energy source and the potential for rural development for communities living
in mountain river basins, run-of-the-river hydropower projects still require damming and
diverting rivers for energy generation. The resulting changes in water quantity, location, and
timing can have profound impacts on the riverine systems and people who live in these river
basins and depend on river flows for irrigation, fishing, and associated land-based livelihoods.
Given many known negative impacts of and social contestation to hydropower development,
there is a need to critically examine this growth in sensitive mountain regions. Research is
needed to better understand how run-of-the-river hydropower projects influence mountain river
basins as well as the policies and practices that shape this development.
To study connections among run-of-the-river hydropower development, water resources
and the communities affected by hydropower, my research asks: What challenges and
opportunities do run-of-the-river hydropower development and generation present for mountain
communities in Nepal? Conceptually, this dissertation draws from energy systems including
renewable energy transition scholarship to explore the expansion of run-of-river hydropower as
part of a broader, national focus on energy development. Hydrosocial-cycle and sociohydrology
scholarship helped guide the study of the physical, social, political and technical dimensions
influencing run-of-the-river hydropower development and more specifically, how the social and
political relations were articulated between hydropower companies and project-affected
communities, and the uneven distribution of impacts that resulted from these processes.
This dissertation combined a national-level perspective of hydropower development with
a basin-wide study of 12 case-specific run-of-the-river hydropower projects in the Gandaki River
basin of Nepal. Data collection primarily drew from hydropower site visits and semi-structured
interviews with stakeholders including (a) national water and energy experts and key decisionmakers from the public and private sectors (n=14), (b) hydropower developers, project managers
and staff for the 12 study sites (n =24), and (c) community leaders, water managers, and farmers
from the 12 study sites (n=48). The focus of interviews and analysis was on understanding the
physical, technical, social, political, and regulatory challenges faced by and within these broad
stakeholder groups.
Several key findings emerged from this research. Nepal’s hydropower sector is booming
with unprecedented growth in their private sector, most of which is run-of-the-river type
projects. These hydropower projects were profoundly influencing water flows and communities
in Nepal’s mountain river basins. Across all 12 study sites, entire rivers were being diverted
during the dry season and contributing to river fragmentation and loss of fish species. However,
despite these water diversions, impacts on water for irrigation varied. According to our
interviews, water availability for irrigation remained unchanged at six project sites, declined at
two project sites, and increased at three project sites. Some project sites also benefited from rural
electrification and road development, although such benefit-sharing was not the norm. Eight of
the 12 hydropower projects were built within the existing national electrical grid and two sites,
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that did not have electricity prior to hydropower development, continued to have no access to
electricity post-operation. Our 12 study sites exemplify how drastically different social impacts
of run-of-the-river hydropower project can be on mountain communities, even within one river
basin in the Western Development Region of Nepal. By assessing hydropower conflicts and
negotiation processes between hydropower companies and project-affected communities, this
study revealed the importance of timing of hydropower conflicts and negotiations, namely early
in the planning phase, to support tangible benefits such as irrigation water and electricity for
project-affected communities. However, without policies that address the uneven distribution of
impacts and unequal power relations embedded in hydropower development, voluntary
(in)action in Nepal’s hydropower boom does little to ensure this hydropower development
benefits local communities.
While we found unprecedented growth in Nepal’s hydropower sector resulting from
private investment, we also found major enduring challenges facing the hydropower sector
regarding water availability (flow and timing) for energy generation and infrastructure for energy
transmission. Furthermore, hydropower conflicts were prevalent especially given the rapid,
concentrated uneven growth of development. In examining this development as part of the
broader energy system, we found Nepal’s hydropower boom may be one of installed capacity
more so than of electricity generation, distribution, and rural development. Given these findings,
the trajectory of Nepal’s hydropower growth—and run-of-the-river hydropower growth
globally—may not lead to the energy supply and economic benefits claimed by hydropower
proponents. Instead, the boom in run-of-the-river hydropower may perpetuate and intensify
existing energy shortages and social inequity embedded within Nepal’s broader energy system.
The results of this dissertation highlight the many opportunities to better plan and manage
hydropower growth in mountain river basins regarding not only the pace of hydropower
development but where these projects are situated and how they disrupt mountain river basins.
As discussed by the World Commission on Dams (2000), there is a need to integrate projectaffected communities into the planning and decision-making to improve mitigation measures as
well as benefit-sharing practices to support more socially just and inclusive development. As we
found at study sites, benefit sharing mechanisms can offer valuable benefits such as irrigation
water and electricity to some of the most vulnerable populations to climate change in Nepal—
small-scale farmers living in the highlands and help reduce escalating tensions between projectaffected communities and hydropower developers in Nepal’s hydropower boom.
However, benefit-sharing is far from a given in Nepal’s mountain river basins. Policy
mechanisms are needed to ensure hydropower development does not further marginalize rural
communities and deepen inequalities across rural-urban divides. Given the plurality of short- and
long-term negative social and ecological impacts in Nepal’s sensitive mountain regions, as well
as the seasonal water and energy generation shortages, there is reason to question Nepal’s focus
on hydropower instead of a more diverse renewable energy mix that could better meet Nepal’s
energy demand and offer a more secure energy future. These findings from Nepal underscore the
need to critically assess hydropower development, including run-of-the-river hydropower
development, in mountain regions globally.
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1.0 Introduction
Some energy landscapes are being transformed as low-carbon, renewable energy booms.
One such booming renewable energy technology is high-head diversion hydropower, also called
run-of-the-river hydropower. Run-of-the-river hydropower projects, which by definition have
little or no storage, are situated in mountain regions so that they can take advantage of the steep
gradients of mountain rivers to generate low-carbon, renewable electricity. The Himalayas, well
known for abundant water resources and dramatic relief, are a hotbed of run-of-the-river
hydropower development. While this new wave of hydropower development is underway in
India and China, Nepal’s boom in run-of-the-river hydropower is just beginning.
As Nepal seeks to harness their hydroelectric power potential increase energy supply,
Nepal aims to add 10,000 MW in 10 years—more than 10 times Nepal’s installed capacity
through run-of-the-river hydropower. Contrary to their name, run-of-the-river hydropower
projects dam and divert rivers to generate electricity (Figure 1). In the dry season, entire rivers
can be diverted leaving little, if any, water in the natural channel for miles (Kumar and Katoch
2015). Water availability, and more specifically, the amount, timing and location of surface
water flows is crucial to support agricultural livelihoods based on irrigation and ensure food
security for small-scale farmers who live in these mountain regions.
Ensuring sufficient water resources for farming is a growing challenge for Nepali farmers
and farmers globally. Farmers are grappling with multiple impacts of global change—defined as
the natural processes and human activities that are fundamentally reshaping human and natural
systems (National Resources Council 2000). These challenges are particularly salient in Nepal
mountain river basins where shrinking glaciers, hydroclimatic variability, and human
development, namely run-of-the-river hydropower, deeply stress agricultural landscapes (Wester
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et al. 2018; Scott et al. 2019). A growing body of literature is documenting adverse social and
environmental impacts of run-of-the-river hydropower on local livelihoods (Baker 2014,
Buechler et al. 2016, Jumani et al. 2017, Kumar and Katoch 2017, Kumar Sharma and Thakur
2017, Ptak et al. 2018), even from small run-of-the-river hydropower projects (Premalatha et al.
2014, Kelly-Richards et al. 2017).
Compounding negative impacts on local livelihoods is the uneven distribution of benefits
from run-of-the-river hydropower development. This uneven distribution of impacts can escalate
tensions between hydropower developers and ‘project-affected communities’ (Huber and Joshi
2015) as well as power relations within these communities (Buechler et al. 2016). Here, projectaffected communities are defined as those communities adjacent to hydropower projects (from
the powerhouse to the dam site) assuming most of the construction and operation impacts will be
experienced by those living near or adjacent to the hydropower projects. It is important to note
that individuals and communities are differently affected by hydropower projects and that there
are a range of factors that can influence which communities are considered affected. Three main
categories to consider when determining project-affected community (or person) include spatial
relations (i.e. those adjacent or downstream of the project), temporal relations (changing impacts
throughout the project, changing monetary values or even expectations); as well as governance
structures (i.e. institutional relations that shape decision-making and power relations at local,
district, and national scales) (Shrestha et al. 2016).
In response to social issues raised by hydropower development globally, benefit sharing
is promoted by international actors such as the World Bank (Wang 2012) and International
Hydropower Association (IHA) (Tahseen and Karney 2017). Benefit sharing mechanisms are
designed to go beyond mitigation and compensation to also deliver long-lasting tangible benefits
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to communities affected by hydropower such as subsidized electricity or pumped water for
irrigation (Shrestha et al. 2016; Wang 2012). In Nepal, growing awareness around participatory
development and ‘rights-based’ dialogues for project affected people followed the World
Commission on Dams report in 2000 (Dixit and Gyawali 2010). However, little appears to have
changed, as conventional practices that place hydropower business interests above social
concerns continue to unfold in Nepal’s mountain river basins (Dixit and Gyawali 2010; Shrestha
et al. 2016) resulting in calls for “deliberative process of consultation” with stakeholders (Dixit
and Gyawali 2010) and more recently, a push to revisit benefit sharing debates in Nepal
(Shrestha et al. 2016).
In light of emergent challenges facing hydroelectric development and impacts to water
resources for mountain communities, there is a need to analyze the physical, social, and technical
context shaping Nepal’s hydropower boom and investigate how run-of-the-river hydropower
impacts local water resources and project-affected communities more broadly in mountain river
basins. With Nepal embarking on an ambitious hydropower development path, research
examining the people and processes shaping run-of-the-river hydropower development and the
associated social outcomes, can offer critical insights to inform decision-making (including
benefit sharing mechanisms) in Nepal’s hydropower boom to help contribute to more just and
inclusive renewable energy development that works for, not against, local communities.
The current emphasis on developing hydropower in Nepal reflects a larger trend of runof-the-river hydropower development in mountain river basins globally (Zarfl et al. 2014). An
in-depth study of the challenges and opportunities at the intersection of food and energy
production in Nepal’s mountain river basins can enrich understanding of run-of-the-river
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hydropower development in mountain river basins and contribute a regional case study to global
debates on the role of hydropower in renewable energy transitions.
1.1 Research Objectives and Questions
To examine the intersection of hydroelectric energy generation, water resources and
project-affected communities, this research asked: What challenges and opportunities do run-ofthe-river hydropower development and generation present for agricultural systems in the
mountain river basins of Nepal? By focusing on the emblematic Gandaki River basin, I sought to
understand the physical, social, regulatory, and technical factors shaping hydropower
development and generation in mountain river basins, the impacts on water availability
(including the quantity, timing, and location) for project-affected communities, particularly
regarding how these changes affect drinking water and irrigation needs throughout the dry
season, as well as how farmers respond and adapt to changing water resources.
The following specific research questions guided my fieldwork:
(1) What are the institutional framework and policies for hydropower in Nepal and how do
these shape run-of-the-river hydropower development and generation?
(2) How does run-of-the-river hydropower alter the availability (quantity, timing, and
location) of water resources for farmer-managed irrigation systems?
(3) How are farmer-managed irrigation systems adapting to changing water resources affected
by run-of-the-river hydropower?
My commitment to generate usable science (Dilling and Lemos 2011) through the deliberate
coproduction of knowledge (Meadow et al. 2015) led me to also ask:

15

(4) How can the coproduction of knowledge with stakeholders inform benefit sharing
strategies that bridge water needs for hydropower development and agricultural livelihoods?

To answer these research questions, this study combined a national-level policy
perspective with a basin-level study of 12 run-of-the-river hydropower projects to better
understand the national, regional, and local context of hydropower development in Nepal.
Stakeholders including policy and decision-makers, hydropower developers and project staff, as
well as project-affected communities were deliberately included in the research planning process
and data collection to help coproduce knowledge (Meadow 2015) and implement ‘use-inspired’
(Stokes 1997; Moser 2010) and ‘usable’ (Dilling and Lemos 2011) science principles.
1.2 Broader Significance
Hydropower has proven to be a prominent and enduring renewable energy source. Even
with the significant expansion of wind, solar, and other renewable energy sources, hydropower
continues to make up the majority (approximately 71percent) of the installed capacity of
renewable electricity worldwide (World Energy Council 2019). Despite a controversial history
(see World Commission on Dams 2000), hydropower continues to be a booming business and is
expected to maintain its dominant share of the renewable energy market moving forward (Jiang
et al. 2016).
Global statistics support this claim. In 2018, 21.8 GW of installed capacity (excluding
pumped storage) was added worldwide. A record 4,200 terawatt hours (TWh) in electricity was
generated by hydropower in 2018 which is equated with avoiding approximately 4 billon metric
tons of greenhouse gasses from fossil fuel sources (International Hydropower Association 2019).
Some of the fastest growth rates in terms of additional installed capacity in 2018 were China
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(8.54 GW), Brazil (3.87), Pakistan (2.49 GW), Turkey (1.09 GW), Angola (0.67 GW), Tajikistan
(0.61), and Ecuador (0.56 GW) (ibid). Even in Europe, where potential is relatively low, there
has been a renewed interest in developing hydropower (Manzano-Agugliaro et al. 2018).
In this global hydropower boom, run-of-the-river hydropower in mountain regions is
projected to make up more than 70% of new hydropower projects (Zarfl et al. 2014). As this
dissertation demonstrates, framings of run-of-the-river hydropower as a socially and
environmental benign intervention in river basins fail to capture the diverse impacts—often
concerning social and environmental impacts—associated with run-of-the-river hydropower in
mountain river basins. Further complicating impacts in mountain river basins is that these
regions are typically home to sensitive ecological systems and human populations that can be
particularly vulnerable to global environmental change. Finding ways to balance climate change
mitigation efforts with development pathways that mitigate negative environmental impacts and
promote social benefits will be an ongoing challenge.
Although run-of-the-river hydropower has a different project design than the large
storage dams and can be designed across a wide range of sizes or installed capacities, this
research finds many parallels to the story of large dams regarding the uneven distribution of
social and environmental impacts and unequal power relations in mountain river basins. As runof-the-river hydropower booms globally there is a need to both mitigate negative impacts and
support benefit sharing strategies that can help to promote more environmentally sustainable and
socially just transitions to renewable energy. More importantly though, the focus on the
technology alone to generate electricity fails to consider or capture important sociopolitical
concerns in energy development. By focusing on physical, social, political, regulatory and
technical challenges within and across stakeholder groups in Nepal’s hydropower boom, this
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dissertation finds many opportunities to better plan and manage hydropower growth in mountain
river basins regarding not only the pace of hydropower development but where these projects are
situated and how they disrupt mountain river basins. Additionally, while we show how important
tangible benefits to project-affected communities can be for rural communities and how to
promote benefit-sharing locally, we also stress that run-of-the-river hydropower, regardless of
size, needs the same scrutiny of large dams to address uneven distribution of impacts and the
unequal power relations in hydropower development. These insights are particularly timely with
run-of-the-river hydropower in mountain regions gaining momentum globally.
1.3 Dissertation Format
This dissertation includes three appended manuscripts (two for submission and one
already published as a journal article) that help advance human-environment geography
perspectives through further understanding of coupled human and natural systems with a
particular emphasis on water, energy, and food systems. The first two manuscripts (Appendix A
and B) present results from my fieldwork exploring challenges and opportunities of run-of-theriver hydropower development for agricultural livelihoods in Nepal.
The first manuscript (Appendix A) is prepared for submission to the journal Renewable
and Sustainable Energy Reviews. Appendix A is titled, “A Sustainability Paradox: Run-of-theriver hydropower in Nepal’s mountain river basins”. This manuscript problematizes Nepal’s
focus on generating electricity from run-of-the-river hydropower to achieve the country’s
Sustainable Development Goals as part of the United Nations 2030 Agenda for Sustainable
Development. While run-of-the-river hydropower projects can contribute to climate change
mitigation at the national level, social inclusion and environmental projection at the local level
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are regularly overlooked in Nepal’s hydropower boom posing a sustainability paradox. Through
comparative research across 12 hydropower study sites, we found how hydropower projects are
implemented—the process and steps taken to mitigate impacts, compensate communities, and
provide local benefits can create drastically different outcomes for project-affected communities.
Contrary to common narratives, local benefits from hydropower were limited. Only two of the 12
study sites gained both increased irrigation water supply and electricity access. Meanwhile, river
flows were dramatically altered at all 12 study sites. With limited benefits felt locally, despite a
many short- and long-term negative social and environmental impacts, two-thirds of the study
sites exhibited deep conflicts with hydropower projects. When we assessed hydropower conflicts
and negotiation processes between hydropower companies and project-affected communities, we
found timing of hydropower conflicts and negotiations to be important, namely early in the
planning phase, to support tangible benefits such as irrigation water and electricity for projectaffected communities. However, without policies that directly address the uneven development
and power relations embedded in all hydropower development, voluntary (in)action in Nepal’s
hydropower boom does little to address local-level sustainable development. Thus, we argue that
there is a real need to critically examine run-of-the-river hydropower development, regardless of
size, particularly given the sensitivity and vulnerability of human and ecological systems in
mountain river basins to address the sustainability paradox posed by run-of-the-river hydropower
development.
The second manuscript, Appendix B, is titled, “A critical examination of the enduring
and emerging challenges in Nepal’s hydropower boom”. This manuscript is prepared for
submittal to Energy Research and Social Science and suggests that Nepal’s run-of-the-river
hydropower boom may not offer the energy supply and rural development that is touted in
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dominant narratives and in fact perpetuate and intensify existing energy shortages and social
inequity embedded within the larger energy system. For this manuscript, we examined the
expansion of Nepal’s hydropower sector through an energy systems lens. While we found
unprecedented growth in Nepal’s hydropower sector resulting from private investment, we also
found major enduring challenges facing Nepal’s hydropower sector including water availability
(flow and timing) for energy generation and infrastructure for energy transmission. Furthermore,
many new challenges appeared to be emerging with Nepal’s rapid and concentrated growth of
hydropower. For one, conflicts with project-affected communities were escalating and new
spaces of hydropower contestation were opening up from the uneven development. Given these
findings, we suspect Nepal’s hydropower boom may be one of installed capacity more so than of
electricity generation, distribution and rural development.
The third article, Appendix C, “The Water-Energy-Food Nexus: A systematic review of
methods for nexus assessment” was published in Environmental Research Letters in 2018. Both
Tamee Albrecht and I equally contributed as first authors on this manuscript and listed our
names alphabetically. Dr. Christopher Scott was also a contributing author. By conducting a
systematic review of and critically examining water-energy-food nexus methods, this article
offers a knowledge base of existing nexus tools and approaches and works to advance waterenergy-food nexus methods to better align with nexus conceptual framings and thinking.
In the next section, Section II, I present an overview of relevant literature and conceptual
concepts that helped form this interdisciplinary research including but not limited to energy
systems, human dimensions of global change, political ecology, sociohydrology, and the waterenergy-food nexus. Section III describes the dissertation research design as well as data
collection and analysis for my research in Nepal. Methods for the third appended article can be
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found in Appendix C. The main findings from the three appended manuscripts (A-C) are
summarized in Section IV. Finally, Section V offers conclusions, broader significance of this
research as well as directions for future work.
2.0 Conceptual Frameworks Informing an Interdisciplinary Study of Hydropower
Development in Nepal
This dissertation draws upon an array of human-environment geography concepts, often
overlapping, as part of an interdisciplinary study exploring challenges and opportunities at the
intersection of food and energy production in the Gandaki River basin. The primary literature
helping to inform this dissertation included energy systems (including renewable energy
transitions and energy social science research), human dimensions of global change, sociohydrology and hydrosocial cycle, and water-energy-food nexus scholarship. These concepts are
expanded upon in sections 2.1-2.5 below.
2.1 Energy Systems
Energy systems are intrinsically linked between human and physical geography fields
(Hoare 1979) and lend themselves to human-environment geographic fields of study (Smil 2008,
Calvert 2015). With humans playing an influential role in shaping energy resources, energy
production, and distribution as well as being influenced by the uneven development that
transpires, there is a real need to examine the social dimensions of energy systems (Sovacool et
al. 2018, Stern et al. 2016) including the power relations embedded in human-environment
relationships (Bridge et al. 2015).
With local to global efforts focused on prompting low-carbon energy transitions that
move from fossil fuels to renewable energy sources to reduce global greenhouse gas emissions
(Loorbach et al. 2017) much of the recent energy systems research focuses on renewable energy

21

transitions. In these transitions to renewable and low-carbon energy sources, some argue that the
transition alone is not enough to combat pressing energy and climate challenges, the energy
system itself—the social system that shapes energy flows—must also be changed (Loorbach et
al. 2017, Bridge et al. 2013, Shaw 2011).
With energy technologies and the social systems that govern energy flows intricately
interlinked, transformative energy transitions must go beyond technological shirts and elicit
large-scale socio-culture changes (Loorbach et al. 2017). Shaw (2011) argues that it is not the
renewable energy technologies themselves, but the energy systems and societies where
renewable energies are integrated that shapes social and environmental outcomes. Therefore,
there is a real need to examine renewable energy within the social, political and environmental
context that makes up energy systems more broadly (ibid). Similarly, Bridge et al. (2013) argues
the need to understand low-carbon energy transitions as spatially-constituted and influenced by
economic, material, political, and cultural components of energy systems. By exploring how
energy systems shape the outcomes of energy technology, the outcomes of low-carbon energy
transitions can be examined through a more critical lens. Far from offering a panacea, lowcarbon energy systems will not inherently ensure socially equitable or environmentally beneficial
outcomes (Bridge et al. 2013; Shaw 2011). This foundational work sets the stage for my
dissertation work on examining the context of Nepal’s hydropower development as part of an
energy system that includes the social system fueling this growth and the social implications of
this growth.
The need for socio-cultural change in low-carbon energy transitions suggests that these
transitions will be far from simple or peaceful. Instead, a series of power struggles marked by
conflict and uncertainty can be expected to coincide with the low-carbon energy transitions
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(Loorbach et al. 2017). Given the strong social component of energy transitions, social science
and more specifically, political ecology are called upon to offer important critical inquiry.
Energy system perspectives can help highlight the complexity and political dimensions
shaping social-energy relationships (Shaw 2011) and political ecology can help critically
examine social dimensions of knowledge and power relations (Bridge et al. 2015). These lenses
can be particularly useful for hydropower studies. Hydropower development has a long history
of controversy. As noted by World Commission on Dams (2000), “At the heart of the dam
debate are issues of equity, governance, justice and power” (World Commission on Dams 2000,
xxvii). Given the political nature of hydropower development there have been calls to draw on
political ecology approaches to study sociopolitical drivers of hydropower development as well
as how a plurality of stakeholders and their underlying power relationships shape this
development (Baghel and Nüsser 2010). By working to understand the local context of
hydropower development along with the people and processes shaping decision-making in
Nepal’s hydropower boom, this research considers both ‘power over’ and ‘power to’ dimensions
of social relations (Pansardi 2012).
Just as the introduction of hydropower in a river basin alters streamflow, this intervention
also alters social system dynamics (Hommes and Boelens 2018). Hydropower projects are not
apolitical and can change the use of water resources along with access and availability of this
resource (Molle et al. 2009, Bakker 1999). Furthermore, the social and energy systems that led to
the hydropower development also influence the distribution of the costs and benefits from these
hydropower projects and shape societal outcomes in the river basin (Bakker 1999, Swyngedouw
and Kaïka 2002, Molle 2009). Given the influential role that social systems play in shaping
hydropower development as well as management and decision-making, there is a need to
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understand the larger socio-political context of this development. Political ecology concepts as
they relate to water resources through the hydrosocial cycle are discussed further in Section 2.3.
As for energy transitions and the numerous pathways they can take, Bridge et al. (2013)
calls for geographic perspectives to offer important insights into the spatial dimensions and
uneven development patterns that emerge in energy transitions. By understanding the social
processes shaping different pathways and their social implications, geographers can help
evaluate future directions for desirable societal outcomes (Bridge et al. 2013). Furthermore,
restructuring energy systems to focus on social and environmental outcomes, and not just lowcarbon technologies, could benefit environmental sustainability and the social justice of uneven
development, particularly the disparities in who benefits and who bears the brunt of the negative
impacts of energy development moving forward (Shaw 2011). My dissertation specifically seeks
to understand the physical, social, technical, regulatory and political dynamics shaping run-ofthe-river hydropower development as well as the social outcomes from this development in order
to critically examine and inform future run-of-the-river hydropower development.
To advance understating of energy systems, Sovacool et al. (2018) have called for more
rigorous and stakeholder-driven research methods and study designs that coincidently work to
address socially relevant energy research questions. Nepal’s rapid and extensive development of
renewable, run-of-the-river hydropower offers a valuable opportunity for energy social science
research to explore the multi-faceted factors shaping Nepal’s low-carbon energy future and seek
stakeholder-driven strategies that can help address social conflicts in these mountain river basins.
Despite drastic differences in run-of-the-river hydropower design, operation, and impacts
compared to large dam and reservoir projects (Kelly-Richards et al. 2017), a limited set of
studies has examined run-of-the-river hydropower specifically. While run-of-the-river
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hydropower projects are being implemented in mountain regions globally (Zarfl et al. 2014), the
peer-reviewed literature on run-of-the-river hydropower impacts are predominately from the
Indian Himalayas (Table 1). To identify geographic-specific development issues as well as
regional or global trends in run-of-the-river development, more research is needed. Furthermore,
there is a growing body of literature documenting the negative social and environmental impacts
from run-of-the-river hydropower. As early as 1996, run-of-the-river hydropower development
in Nepal was considered an extractive industry given that the product—electricity—was being
transported outside the region it was produced in and the benefits of this sale were also being
realized elsewhere (Pandey 1996). In response to the negative social and environmental impacts
from hydropower, there have been calls for the need of more sustainable development of these
hydropower projects (i.e. Kumar Sharma and Thakur 2017; Kumar and Katoch 2017; Jiang et al.
2016; Buechler et al. 2016).
This dissertation research pursues a comparative study of 12 run-of-the-river hydropower
projects throughout the Gandaki River Basin in the Western District of Nepal. Using Nepal as a
case study, this research fulfills a gap in the literature critically examining the boom in run-ofthe-river hydropower as part of a much larger energy and sociopolitical system. The research is
designed to help inform practices in Nepal’s hydropower boom to support more environmentally
sustainable and socially just renewable energy transitions. As described in more detail in the
following sections and the manuscripts in Appendix A and B, this dissertation responds to call
for more robust, comparative, interdisciplinary and impactful energy social science research
(Sovacool et al. 2018). Such research is imperative to advance knowledge and understanding of
energy systems and connect research findings with research users (Sovacool et al. 2018).
2.2 Human Dimensions of Global Change
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To understand how run-of-the-river hydropower projects influence social and
environmental outcomes there is a need to examine Nepal’s hydropower boom within a broader
context of global change. This dissertation draws on human dimensions of global change
scholarship to help understand the complex and compounding impacts of both climate change
and globalization processes shaping human and natural systems in Nepal’s hydropower boom.
For example, this research understood water diversions from run-of-the-river hydropower as one
of multiple factors influencing water availability for project-affected communities and examined
impacts from hydropower development on project-affected communities as one of multiple
factors influencing project affected communities in Nepal’s mountain river basins. Furthermore,
a human dimensions of global change framework helped to understand the varied and
differentiated social outcomes within and across project-affected communities.
The double exposure framework (O’Brien and Leichenko 2000) provides a conceptual
model to explore how risk and vulnerability change over space and time in response to the
simultaneous impacts of both global environmental and economic changes. This lens is
particularly important in the Himalayas which are experiencing profound biophysical and socioeconomic changes. The Himalayas are known ‘hotspots’ of climate change (Gentle and Maraseni
2012) with both faster than average warming temperatures and more pronounced impacts from
the steep gradients and sensitive ecosystems (Beniston 2003). Changes in climate deeply stress
Nepal’s agricultural landscapes. Erratic rainfall has destroyed crops with profound negative
impacts on livelihoods (Gentle and Maraseni 2012; Jodha 2005). Concurrently, demographics
are changing from out-migration in Nepal’s mountain communities as well as agricultural
practices and markets (Chand and Leimgruber 2016; Maharjan et al. 2012). With politicaleconomic processes often shaping pressing challenges for farmers in Nepal (Sugden et al. 2014),
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there is a need to understand the multi-faceted dimensions of challenges facing farmers in
addition to the impacts from run-of-the-river hydropower development. For example, agricultural
impacts of run-of-the-river hydropower water diversions can greatly depend on local water
needs, and specifically the water quantity, timing, and location needs for crops. With large-scale
out-migration occurring throughout the mountains of Nepal, many agricultural fields are now left
fallow. If water needs have declined in these river basins, then water diversions for run-of-theriver hydropower may not strongly influence agricultural practices. However, if indeed,
irrigation water is crucial, especially given the changing rainfall patterns, then run-of-the-river
water diversions could in fact have profound negative impacts for agricultural livelihoods. Given
the importance of the local context, my dissertation research seeks to understand local needs and
social and environmental impacts of water diversions from run-of-the-river hydropower within
the context of global change in Nepal’s mountain river basins.
Applying the double exposure framework to project-affected communities in Nepal can
also help illuminate differentiated and compounding impacts of climate and economic changes.
This framework can help to highlight disparities of who benefits and who bears the brunt of the
negative impacts from both climate change and energy development. For example, farmers, from
the project-affected communities, are susceptible to being disadvantaged by both climate change
and run-of-the-river hydropower water diversions making them, in effect, ‘double losers’
(O’Brien and Leichenko 2000). Drawing from the double exposure framework as well as
contributions from human dimensions of global change literature, this research seeks to explore
how impacts can vary across hydropower projects as well as how impacts can be compounding.
In understanding the negative impacts and larger system dynamics, this research also seeks to
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discover opportunities to mitigate negative impacts on local livelihoods and offer alternative
pathways that could benefit communities on multiple fronts.
Scale is another important dimension in understanding impacts. Differences in the scale
of analysis can influence the ‘visibility’ of impacts (Lebel et al. 2010). Lebel et al. (2010) found
that the benefits of large-scale water projects in Asia were publicized at the national-level, even
though negative impacts to the environment and adversely affected people from these projects
were made obscured or made ‘invisible’ in development discourses. A similar phenomenon
appeared to be occurring with run-of-the-river hydropower. Although hydropower offers a lowcarbon energy source, water diversions can escalate water and food insecurity of small-scale
famers locally. Herein lies the paradox of hydropower as a climate mitigation strategy. Much of
this development, while supporting low-carbon energy development, can also negatively affect
local communities who are already struggling in the face of climate change. My research design
included a multi-scalar approach to examine impacts of hydropower. By combining a nationallevel policy framework with a basin-wide study of 12 specific study sites this dissertation sought
to examine impacts at and across different spatial and temporal scales of analysis to unveil
hidden impacts.
While this dissertation focuses on community-level impacts of run-of-the-river
hydropower, it is important to note that there are numerous social factors affecting how
biophysical and social impacts of global change affect individuals, households, and communities,
including class, income, gender, caste, race/ethnicity, and land ownership (Liverman 1990). Such
considerations are important in Nepal where deep structural inequality exists based on caste,
class, and gender (Sugden et al. 2014). Understanding social vulnerabilities are imperative to
help address human dimensions of global change (Liverman 1990). Despite the need to help
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reduce social vulnerabilities to global change, interventions, even with the best intentions, often
reinforce existing and/or create new inequalities (Lebel et al. 2010). Such maladaptation can also
occur when adaptation efforts at one scale erode adaptive capacity at other spatial or temporal
scales. Ultimately, interventions should not be taken lightly and need to be careful to avoid
undermining with local adaptation or causing maladaptation (McDowell et al. 2014).
To avoid maladaptation and understand what adaptation strategies might be best suited
for the risks at hand, there is a need to hear from the people for whom the adaptation strategy is
for. Both Tscharkert (2006) and Liverman (2015) emphasize the need to listen to vulnerable
populations to learn what they identify as being both feasible and meaningful adaptation. A
stakeholder-driven approach was used to capture complex dynamics of project-affected
communities as well as incorporate important local contextual elements recognizing the need for
social solutions for social problems.
Drawing on traditional knowledge and local experience, many climate-sensitive
communities have shown significant adaptive capacity to global change (Adger 2003; McDowell
et al. 2014). Nepalese farmers are no exception. By listening to farmers and building on
traditional knowledge there is a great potential for researchers to support social learning that
supports the ability for communities to plan, prepare and adapt to change (Tscharkert 2006). In
Nepal, farmer managed irrigation systems (FMIS) have proven to be adaptable and effective.
These community systems are built on experience, knowledge, and skills accumulated over
centuries. Ostrom (2002) discusses the successful governance of farmer managed irrigation
systems:
The farmers of Nepal have for many centuries found ways of solving some of their
problems relatively well by associating, sharing knowledge, getting technical information
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where relevant, and monitoring government to be sure that it is honest, fair, and efficient.
FMIS, and the FMIS Trust in particular, will play a major role in the democratic process
in Nepal well into the future.
Despite farmer managed irrigation system’s long history and success, the historical institutions
are being undermined by global change (Sharma 2011). Sharma (2011) views reenergizing
regional institutions throughout Nepal and building on local, traditional knowledge as vital to
support communities in the face of global change.
Building upon these impactful insights from human dimensions of global change
scholarship, this research sought a participatory approach to understand (a) the multifaceted
social and physical dimensions of Nepal’s hydropower boom, (b) how run-of-the-river
hydropower projects influence negative impacts and beneficial outcomes for project-affected
communities, and (c) how communities respond and adapt to changing water resources, and (d)
local community needs given changing demographics, water resources, and agricultural practices
and markets. With this understanding, this research seeks to help inform development pathways
that help to reduce processes enforcing ‘double losers’ in Nepal’s hydropower boom and that
help to find opportunities that support ‘double winners’ or outcomes that support multiple
benefits moving forward.
2.3 Socio-Hydrology and Hydrosocial Cycle
With a focus on water resources, both hydrosocial and socio-hydrology perspectives were
instrumental in shaping the conceptual approach. Hydrosocial and socio-hydrology scholarship
offer valuable insights to study the physical and social dimensions of hydropower interventions
and how they influence the dynamic relations of water resources in mountain river basins. With
socio-hydrology stemming from hydrology and hydrosocial stemming from human geography,
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these two paradigms differ along general physical and social science traditions of ontology,
epistemology, methodology, and axiology (Wesselink et al. 2017). However, both sociohydrology and hydrosocial recognize the important role that society plays in shaping water flows
and there is a shared interest to understand a water cycle that is both shaped by society and in
turn, shapes society (Montanari et al. 2013; Sivapalan et al. 2014; Swyngedouw 2004, 2009;
Budds 2009; Boelens et al. 2016).
By drawing from both perspectives, I sought to capture the social and physical aspects of
water availability in mountain river basins affected by hydropower. I drew on the hydrosocial
cycle framework to examine implications of unequal power relations, historical context, and my
own positionality as a researcher (Swyngedouw 2009, Wesselink et al. 2017). The hydrosocial
cycle literature stems from applying a political ecology lens to water resources. With humans
playing an integral role in shaping water flows through physical interventions, human designed
water management systems as well as through a socially constructed understanding of nature,
there is a need for critically examine these social dimensions of water resources. For example,
there is an articulation of power that emerges between technical interventions in the water system
and society (Wittfogel 1957, Swyngedouw 1999). Furthermore, society continually produces
water flows shaped on water use, management and decision-making (Norgaard 2006). The
intricate linkages between water and society and how they continually shape each other lends
itself to political ecology research that critically examines the social and relational dimensions of
knowledge and power in these systems (Bridge et al. 2015). As the political ecology literature
has focused on power dynamics, some have drawn attention to the lack of ecological focus in
political ecology (Bassett and Zimmerer, 2004: 103). Such an interdisciplinary approach is not
easy. Here, I draw also draw on socio-hydrology which takes a more physical science approach

31

to examine the physicality (or materiality) of water as a natural system and the technical
implications of using and moving water resources for human needs (Sivapalan et al. 2012). With
water resources ever changing in both space and time, I also draw on hydrosocial frameworks
which tend to place a strong emphasis on the mutli- and cross-scalar interactions and feedback
loops between human and water systems (Sivapalan et al. 2014).
Hydropower, which is a technical intervention, not only alters river flows but also shapes
water management and social outcomes making this conceptual approach particularly applicable.
To study how this technological intervention influences agricultural systems, there was a need to
examine the physical and technical dimensions of hydropower development as well as social and
political processes that shape and are shaped by hydropower. Hydropower studies in Nepal often
focus on either the physical and technical (c.f. Shrestha et al. 2014; Mishra et al. 2014) or the
social and political (c.f. Lord 2014; 2016) dimensions of hydropower interventions. However,
this research was designed to engage with all four of these dimensions by capturing (a) the multiscalar changes in water resources and impacts on water availability for farmer-managed
irrigation systems from the local to regional scale (see also Thapa et al. 2016); (b) the iterative
relationships between farmer-managed irrigation systems and run-of-the-river hydropower; and
(c) the physical, technical and sociopolitical processes that shape these changes, responses, and
adaptations to water resources in mountain river basins.
While the need for both social and physical system analyses of water resources has been
identified by both social and physical scientists (Wesselink et al. 2017), working at this interface
has remained a challenge (Lélé and Norgaard 2005; Bracken and Oughton 2009). Despite the
disparate theoretical traditions that hydrosocial and socio-hydrology stem from, there are
opportunities to bridge these perspectives to better understand the complex challenges regarding
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water resources (Wesselink et al. 2017). This dissertation research offers an example of how
hydrosocial and socio-hydrology perspectives can be blended to critically examine the physical,
technical and social dimensions of water flows in mountain river basins affected by run-of-theriver hydropower, while also seeking use-inspired and solutions-oriented outcomes.
2.4 Water-Energy-Food Nexus
Water-energy-food nexus scholarship is a developing field that is rapidly expanding in
academic and policy circles (Keairns et al. 2016). In agreement with Bazilian et al. (2011),
Wolfe et al. (2016), and Foran (2015), I describe the water-energy-food nexus as a systemsbased perspective that considers the interdependencies and interconnections among water,
energy, and food systems (Albrecht et al. 2018).
The conceptual approaches of the nexus can vary given that the water-energy-food nexus
is used across a wide range of disciplines for a variety of reasons (Benson et al. 2015; Albrecht et
al. 2018). However, one central framing, particularly regarding human-environment relations,
centers on the nexus as a conceptual tool to study cross-sectoral integration as well as to identify
tradeoffs and synergies among water, energy and food systems to support sustainable
development (Scott et al. 2015; Biggs et al. 2015; Conway et al. 2015; Leck et al. 2015).
In exploring water-energy-food nexus concepts and applications, there appeared to be a
disconnect between the conceptual framings and methods employed. Many nexus studies called
for nexus-specific methods that could capture cross-scalar interactions among water, energy, and
food systems, particularly the interconnections and interdependencies among all three sectors
(Chang et al. 2016, Miralles-Wilhelm 2016, Smajgl et al. 2016). Furthermore, there were also
calls in the literature to address important social, environmental, and technical challenges of
nexus framings (Kearins et al. 2016, Smajgl et al. 2016). Scott et al. (2016) present a nexus-

33

based analysis of specific practices in the Ganges Basin, including a hydropower case study of
Andhikola in Nepal that was revisited and significantly expanded in the dissertation. There have
also been calls in the literature to address important social, environmental, and technical
challenges of nexus framings (Kearins et al. 2016, Smajgl et al. 2016), as well as social justice,
political, and historical aspects that shape water, energy, and food systems (Allouche et al. 2015;
Foran 2015).
In response to the literature’s calls for more innovative, context specific, collaborative,
and useable methods to address socially relevant challenges, this dissertation research contributes
to water-energy-food nexus methods research. A systematic review of water-energy-food nexus
was conducted to create a knowledge base of water-energy-food nexus methods. By analyzing
nexus methods, this research offers promising directions to better align water-energy-food nexus
methods with conceptual framings to advance nexus assessments.
3.0 Contributions of the Dissertation
This dissertation embraces the tradition of human-environment geography by engaging in
an interdisciplinary, place-based, comparative, and use-inspired research. I explore the
challenges and opportunities at the interactions of hydroelectric energy generation and water
resources in Nepal mountain river basins. The empirically-based contributions focus on: (1) the
physical, social, technical, and political factors shaping hydropower development and generation
across scales in Nepal’s hydropower boom; (2) the differentiated social and environmental
impacts from run-of-the-river hydropower on project-affected communities across 12 study sites;
and (3) enduring and emerging challenges facing project-affected communities as well as
hydropower developers in Nepal’s hydropower boom (see Appendix A and B). This research
answers calls for more hydropower research that considers the technical design and installed
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capacity to examine the site-specific nature of social, environmental and cumulative impacts at
national and local scales (Kelly-Richards et al. 2017).
In response to the era of large dam development, extensive research was carried out
exploring large dam impacts which then drew global attention to the uneven distribution of social
and ecological impacts on project-affected communities (i.e. World Commission on Dams 2000).
However, smaller dams and run-of-the-river hydropower have not been subject to same scrutiny.
A nascent, growing body of scholarly work critically examines and highlights the political
dimensions of run-of-the-river hydropower projects. For example, scholars have called into
question dominant hydropower discourses that frame this new wave of hydropower development
as ‘green’ (Ahlers et al. 2015), or offering win-win solutions for rural and state-level
development in Sikkim, India (Huber and Joshi 2015) and Yunnan, China (Ptak 2019; Hennig
and Harlan 2018). This dissertation further contributes to a growing body of literature critically
examining run-of-the-river hydropower in mountain regions. Nepal as an empirical case study
offers important physical, social, technical and political insights into the actors and processes
shaping this development along with project outcomes that can help to better understand regional
and global run-of-the-river hydropower trends in mountain regions.
Findings from my work in Nepal largely arose from my interdisciplinary, comparative
research which focused on stakeholder engagement by integrating a use-inspired research design.
Principles for usable research (Dilling and Lemos 2011) and effective knowledge sharing (Reed
et al. 2014) deeply informed my methodology which integrated different communities of
knowledge and coproduced knowledge with stakeholders. My methodological contributions
answer calls for social science energy research that is comparative, interdisciplinary, and
impactful (Sovacool et al. 2018). The comparative and interdisciplinary research design supports
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robust social science energy research to advance understanding of energy systems and the useinspired approach aims to connect research findings with research users to inform alternative
energy pathways moving forward. More specifically, pathways that can inform more
environmentally sustainable and social just transitions to hydropower as called for in the
literature (i.e. Sharma and Thakur 2017; Kumar and Katoch 2017; Jiang et al. 2016; Buechler et
al. 2016). Methodological contributions to advance water-energy-food nexus studies are made
through a critical, systematic review of nexus methods as described in the third appended article
(Appendix C). Through a systematic review of water-energy-food nexus methods, this article
derives four key features of nexus analytical tools and methods—innovation, context,
collaboration, and implementation—that reflect WEF nexus thinking. By evaluating nexus
analytical approaches used in the literature based on these four key features, we then highlight 18
studies that demonstrate promising advances to guide future nexus research.
The research design and fieldwork in Nepal was also an exploration in the theory of how
physical and social science perspectives along with use-inspired research can be designed and
implemented to advance understanding of interactions shaping run-of-the-river hydropower
development in Nepal’s hydropower boom and help inform benefit sharing strategies for projectaffected communities that support socially just transitions to renewable energy.
4.0 Research Design
Hydropower impacts are highly site-specific (Kelly-Richards et al. 2017). To examine
both general trends as well as site-specific details, this research combined a national-level policy
context with a basin-wide perspective using 12 representative hydropower study sites in the
Gandaki River basin of Nepal for an in-depth analysis.
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From the onset, this research was designed to be useful to stakeholders and policymakers. With this intention, the research centered around ‘use-inspired’ (Stokes 1997; Moser
2010) and ‘usable’ (Dilling and Lemos 2011) science principles as well as effective principles
for knowledge exchange (Reed et al. 2014). As a Ph.D. fellow in 2017 at the International Centre
for Integrated Mountain Development (ICIMOD), which is based in Kathmandu, Nepal, my
research collaborator, Rashmi Shrestha, and I were able to meet with prominent Nepali water and
energy researchers at ICIMOD along with water and energy experts Deepak Gyawali, Ajaya
Dixit, and Prachanda Pradhan as well as members from Nepal’s Water and Energy Commission
Secretariat to identify pressing hydropower research questions and decided on “What challenges
and opportunities do run-of-the-river hydropower projects and generation present for local
livelihoods in the mountain river basins of Nepal?” In these meetings the Gandaki River basin
was unanimously recommended for our study area given the prevalence of both current and
projected hydropower development as well as the documented struggles between farmers and
hydropower projects (Figure 2).
During these early meetings we also identified key stakeholders to interview. In addition
to water and energy academic experts we identified national-level policy and decision makers
from government organizations including Ministry of Energy (Department of Electricity
Generation, Nepal Electricity Authority, Water and energy Commission Secretariat), Ministry of
Agriculture and Livestock Development (Department of Agriculture, Department of Irrigation),
and Ministry of Forests and Environment (Department of Environment). We also identified the
Nepal Banker’s Association and the Independent Power Producers’ Association, Nepal (IPPAN)
as key stakeholders to interview. IPPAN was first established in 2001 and is a non-profit, nongovernment membership organization. IPPAN acts as a liaison between the public and private
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sector to help facilitate hydropower development in Nepal by independent power producers. We
then identified 12 operational projects within the 1 MW to 100 MW size classification in the
Western Development District of the Gandaki River Basin in Nepal to focus on for our study. At
each of these 12 study sites we included community leaders, water managers, and community
members from project-affected communities, as well as public and private hydropower
developers and staff as stakeholders. In the field, we ended up visiting another four sites that
were under construction to better inform some of the temporal dimensions of hydropower
development in Nepal.
4.1 Site Selection
The Gandaki River basin covers nearly a quarter of Nepal (33,336 km2) and extends from
Nepal’s high peaks (>8,000 m) in the north to Nepal’s low-lying plains (<200m) in the south.
The basin encompasses the diverse elevation, topography, climate, flora and fauna as well as the
diversity of Nepal’s cultural, political, and socio-economic demographics. Within this basin, runof-the-river hydropower is concentrated in in the foothills of the high Himalayas commonly
referred to as the mid-hills where elevations range from approximately 250 to 4000 meters
(Figure 2). The Gandaki River basin in Western Nepal embodies Nepal’s hydropower boom. The
Gandaki River basin in the Western Development Region of Nepal has 18 run-of-the-river
hydropower projects with installed capacities between 1 and 100 MW. In this same river basin,
there are more than 70 run-of-the-river hydropower projects (1 – 100 MW) in the planning or
construction phase (Government of Nepal Department of Electricity Development 2017).
A representative subset of 12 of the total 18 operational hydropower projects in the Gandaki
River basin were selected. This sub-set includes 12 hydropower projects that (a) are spatially distributed
in the region, (b) range in size (installed capacity) from “micro” (1- 5 MW), “small” (5-25 MW) and
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“medium” (25-100 MW), (d) vary regarding governmental or private ownership; and (e) range in length
of operation (from over 15 years of operation to less than 1 year) (Table 2).

Research Team
This research was conducted in collaboration with my dissertation committee including
Dr. Christopher Scott, Dr. Diana Liverman, Dr. Carl Bauer, Dr. Aditi Mukherji and Dipak
Gyawali. As a Graduate Research PhD Fellow at the International Centre for Integrated
Mountain Development (ICIMOD), I also received in-kind support and expertise from ICIMOD
researchers. Rashmi Shrestha, an independent researcher, was a full-time research assistant and
translator who brought extensive research experience and expertise on run-of-the-river
hydropower in both Nepal and northern India to the project.
4.2 Data Collection
This research coupled a national-level perspective of hydropower development with a
basin-wide study using 12 project sites from the Gandaki River basin to better understand
national-, basin-, and local-level challenges of run-of-the-river development in Nepal. Data
collection occurred from January to December 2017 and primarily drew from hydropower site
visits and semi-structured interviews with stakeholders. In addition to the 12 operational projects
within the 1 MW to 100 MW size classification in the Western Development District of the
Gandaki River Basin in Nepal, we also visited and conducted interviews at another four sites that
were under construction. These sites were chosen for their proximity to our other study sties and
helped inform our understanding of the temporal dimensions and construction-specifics of
hydropower development. Data collection included (a) archival research of primary sources such
as local and national government reports as well as legal and policy documents; (b) semi-
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structured interviews with national water and energy experts and key decision-makers from the
public and private sectors (n=14), semi-structured interviews with hydropower developers,
project managers and staff for the 12 study sites (n =24), and semi-structured interviews with
community leaders, water managers, and farmers from the 12 study sites (n=48) (Table 3); and
(c) participant observation through in-depth field studies and GPS mapping of all 12 study sites.
Relationship building with stakeholders was a critical component of this research. I first
visited Nepal in 2014 and during this trip met with Dr. Aditi Mukherji, Dr. Philippus Wester,
Dipak Gyawali, and Ajaya Dixit to explore possible hydropower research topics and continued to
return to Nepal each year to build these relationships and stay current with water and energy
topics in Nepal. My field assistant was carefully chosen for her wealth of field experience,
particularly working on hydropower research in both Nepal and India. Ms. Shrestha and I talked
extensively about building trust with our interview participated and during interviews worked to
clearly communicate our research objectives and our intentions as well as limitations for research
outcomes. While we worked to be objective, and not take sides, we did show genuine empathy
for the challenges shared by those we interviewed. We worked to ensure our participants felt we
were deeply listening to their concerns. In the field, those int eh hydropower sector (i.e. staff
shared details that could be compromising suggesting we were trusted with the information they
were sharing. Occasionally, when asking probing questions, or presenting hydropower
developers with knowledge that did not align with the simplistic answers they fed to us, we were
met with some shortness and agitation that then typically brought the interview to an end. While
we could not hear from all the voices in the affected communities, we did work to ensure we
heard a plurality of voices to capture some of the variable opinions and perspectives.
Primary Sources Examined
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Archival research included reviewing current water and energy policies and reports including the
following documents:
Ministry of Energy
• Hydropower Development Policy, 2058 B.S. (2001)
• Electricity Act, 2049 B.S. (1992)
• Electricity Rules, 2050 B.S. (1993)
Water and Energy Commission Secretariat
• National Water Resources Plan, 2002
• Water Resources Strategy, 2002
Ministry of Forests and Environment
• Climate Policy 2067 (2011)
• Rural Energy Policy, 2006
• Renewable Energy Subsidy Policy, 2073 B.S. (2016)
• Hydropower Environmental Impact Assessment Manual, 2018
Ministry of Environment, Science and Technology
• A Guide to Environmental Management Plan of Hydropower Projects, 2006
Semi-Structured Interviews
Semi-structured interviews were used to both collect and share knowledge with
stakeholders. Through purposive sampling (Battaglia 2008), I sought interviews with
stakeholders who could (1) speak to the spatial and temporal aspects of water and energy
resource, (2) share national, basin, and local level knowledge; (3) represent perspectives from
business, finance, government, academia, and civil society; and (4) offer historical perspectives
from a long career or experience with hydropower, as well as stakeholders who were new to the
field or were newly affected by hydropower.
A combination of purposive and random sampling was used for interviews (n=86).
Purposive sampling sought key national-level policy and decision makers from government
agencies (i.e. National Electricity Authority, Ministry of the Environment, Ministry of Energy,
Ministry of Irrigation, Water and Energy Commission Secretariat) and from the private sector
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(i.e. Independent Power Producers’ Association of Nepal (IPPAN) as well as individual
hydropower developers and project managers from the study sites). At the local level, I
interviewed local leaders and water managers as well as randomly selected farmers throughout a
longitudinal transect from the dam site to the powerhouse for each of the 12 study sites. Rashmi
Shrestha, a research collaborator, concurrently translated all non-English interviews between
English and Nepali.
Semi-structured interviews sought to document prominent physical, technical, social,
political, regulatory, and financial challenges in Nepal’s hydropower boom across the different
stakeholder groups and scales (Table 3). For project-affected communities, interview questions
also sought to understand changes in water resources, electricity and energy use, and agricultural
production and markets. The spatial and temporal dimensions of water resources impacts are
critical, yet often overlooked. Nepal’s rivers are monsoon-dominated. Monsoon rains last from
mid-June to mid-September. During this time, there is plenty of water for farming in the
highlands. However, throughout the rest of the year, water is not as reliable. For example, rice, a
staple crop, is particularly time-sensitive when it comes to water. Interviews worked to tease out
the spatial and temporal details regarding the amount of water needed, where and when for
farmers. Interview questions also sought to understand how farmers are adapting to changes in
water resources and what they perceived to be the greatest barriers to farming and what would
offer the greatest benefits for farming. To help isolate hydropower impacts on water resources
from climate and other regional trends, interviews included farmers from “project-affected”
villages as well as nearby “non-affected” (control) villages. While transmission lines or
downstream impacts, as well as other spatial, temporal and governance factors (see Shrestha et
al. 2016) can influence who is considered a project-affected person or community, I focused on

42

interviewing people from the communities adjacent to hydropower projects (from the
powerhouse to the dam site). I intentionally interviewed those who had experience in water
resources management, community leaders, and those people living near the infrastructure (i.e.
dam, powerhouse, diversion tunnel or pipeline) and those living near or along the impacted reach
of river. While my interviews were concentrated around the hydropower project itself, I did also
interview community members throughout the communities at large.
Participant Observation & GPS Mapping of Study Sites
During fieldwork from January to December of 2017 site visits were conducted at 12
chosen operational hydropower projects. A minimum of three days was spent at each of the study
sites, although sometimes it was longer. At each site we walked a longitudinal transect from the
dam site to the powerhouse and took GPS coordinates at the dam, sedimentation ponds,
penstock, powerhouse and other points of interest including cremation sites, irrigation canals,
tributaries, fish ponds, impacted agricultural fields, damaged homes, and illegal dumping sites.
Upon initial assessment of our findings from the 12 study sites, I choose Ridi and Mardi to return
to for a second more in-depth study. These two sites, which were owned by Nepali independent
power producers, were offering the greatest local benefits and I was curious to better understand
the negotiation process between the hydropower developers and project-affected communities as
well as the differentiated impacts of the hydropower development in the local villages. The
return trip to Ridi and Mardi study sites were three and four days, respectively. Additional site
visits and interviews not included in the above n-value (n=86) were carried out at Jimruck
Hydropower Project, just outside of the Gandaki River basin, and at four hydropower sites that
were under construction at the time of the site visit: Lower Dordi (27 MW), Upper Dordi A (25
MW), Lower Modi (20 MW), and Madi Project (12 MW). These sites were chosen for
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interviews solely based on their proximity to the study sites and therefore are not the focus of the
results of this study, although they do offer some insight into current development practices as
well as timely information regarding the construction phase of development.
4.3 Data Analysis
All 86 interviews were transcribed and coded to examine the physical, technical, social,
political, and regulatory context of Nepal’s hydropower development as well as associated
challenges and opportunities of Nepal’s hydropower boom as identified by stakeholders.
Interview transcripts were thematically coded (Guest 2012) using NVivo software. Interview
transcripts were first categorized based on stakeholder group (i.e. policy and decision makers,
hydropower developer, hydropower project manager, water manager, farmer, local leader). Next,
interview transcripts were coded and analyzed based on the following themes: climate change,
changing water availability (quantity, timing, location), changing agricultural practices (i.e. land
under cultivation, labor needs, crop type, markets), changing infrastructure (i.e. roads, irrigation
canals), changing policies, hydropower-farmer conflict and negotiations, availability of
electricity, negative and positive impacts from hydropower. Spatial and temporal dynamics of
the data were also examined as water and energy demands and supply are both spatially and
temporally varied. Data were triangulated by combining and cross-checking data from field
visits, policy documents, hydropower reports, participant observation, GPS mapping, and semistructured interviews within and across stakeholder groups.
What is not discussed in detail in this study, but nonetheless important, is the social and
demographic make-ups of the different ‘project-affected communities’ as individuals and social
groups within these project-affected communities have different degrees of entitlement (Dreze
and Sen 1991) and different norms, knowledge, governance forms, and identities (Boelens et al.
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2016) that influence power relations (Nightingale 2011) depending on a variety of factors not
limited to age, caste, class, gender, political, and ethnic identities. While further work exploring
these shifting power relations in hydropower conflicts is needed, this study examines impacts at
the community-scale for a basin-wide comparison study.

5.0 Dissertation Results
A summary of results from the three appended manuscripts is discussed below. The first
two manuscripts (Appendices A and B) discuss findings from the Nepal research studying the
intersection of hydroelectric energy generation, water resources, and project-affected
communities in Nepal’s mountain river communities. The third manuscript (Appendix C)
presents findings from a systematic, meta-analysis review of water-energy-food nexus methods
that makes methodological contributions to studying interconnected and interrelated water,
energy and food systems.
5.1 Manuscript A: A sustainability paradox: Run-of-the-river hydropower in Nepal’s
mountain river basins (Appendix A)
Nepal’s hydropower boom is, in part, designed to help Nepal achieve their Sustainable
Development Goals and Targets which are aligned with the United Nation’s 17 Sustainable
Development Goals (SDGs) (Government of Nepal National Planning Commission, 2015).
However, a sustainability paradox emerges when considering the impacts of hydropower. At the
national level, hydropower development offers important contributions to climate change
mitigation measures by avoiding carbon dioxide emissions from fossil-fuel sources. And yet, at
the local level, there can be profound negative social and environmental impacts.
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To understand the impacts of run-of-the-river hydropower development, it was important
to first understand pressing challenges facing the people who live in Nepal’s river basins.
Through our interviews we found a flurry of changes in the mid-hills where run-of-the-river
hydropower is prevalent. Our interviews confirmed trends noted elsewhere in the literature about
the mid-hills of Nepal regarding out-migration, farming practices and climate change. Many of
the young men from these villages now work abroad and send money home to support their
families. With less labor, and less reliance on agriculture, many agricultural fields in this hilly
region have been abandoned. For the farmers who live in these mountain river basins, water
availability has increasingly become a problem. Community members from all 12 study sites
described how rainfall had declined, especially during the dry winter months. For farmers
dependent on precipitation for water supply, the lack of rain was detrimental to their winter
wheat crop. Famers across several study sites indicated that they now forgo their winter wheat
crop due to the prolonged droughts that have become the norm. Understanding the challenges
facing farmers in these mountain river basins allowed us to better understand how the
introduction of hydropower affects these farmers livelihoods in both beneficial and detrimental
ways. For example, with reduced precipitation and less labor to work the fields, irrigation water
was highly coveted by the farmers we spoke to and those who could secure irrigation water had
transitioned to growing cash crops.
In studying the impacts of run-of-the-river hydropower it was found that these projects
can profoundly impact project-affected communities in both negative and beneficial ways
through changes in water availability, roads, markets, agricultural production, and electricity
access. The social impacts, both positive and negative on local livelihoods, varied greatly across
the 12 study sites. Several sites demonstrated how run-of-the-river hydropower projects can be
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designed and implemented to meet community needs such as year-round irrigation water,
subsidized electricity, and roads. These study sites offer valuable insight into the opportunities to
develop run-of-the-river hydropower in a way that can be mutually beneficial for project-affected
communities and hydropower developers. However, offering such desirable social benefits to
project-affected communities was not the norm. More commonly, project-affected communities
felt cheated and betrayed by the hydropower developers and felt the negative impacts from the
hydropower project outweighed any social benefits. As a result, three-quarters of the study sites
exhibited deep conflicts between project-affected communities and the hydropower developers.
Unlike the social impacts, the environmental impacts across the 12 study sites were quite
similar. All 12 hydropower projects diverted all of the streamflow in the dry season for
electricity generation, foregoing any release of water from the dam for environmental flow
(required by law). River fragmentation from these water diversions had negative ecological and
social impacts including loss of fish and aquatic and riverine habitat. While some communities
depended on these rivers for irrigation, others relied on mountain springs or tributaries for
irrigation. Rivers in Nepal also offer important cultural, ceremonial sites especially for
cremation. Without flowing water, many communities had to relocate their cremation grounds
and travel for cremation services and ceremonies. Additionally, rivers offer natural boundaries
for livestock and wildlife, without this boundary, there were reports of increased wildlife conflict
as well as livestock herding challenges. Many farmers also complained about the change in
micro-climate. During the hot, dry summer months streamflow would offer cool water and cool
air that was no longer available. Other negative environmental impacts included illegal rubble
dumping in the river during construction and loss of community forest land. These findings
problematize framings of run-of-the-river hydropower as a socially and environmental benign
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intervention in river basins and illustrates the diverse impacts—often concerning social and
environmental impacts—associated with run-of-the-river hydropower in mountain river basins.
While these hydropower projects must undergo either an Initial Environmental
Evaluation (IEE) or an Environmental Impact Assessment (EIA) during the permitting process,
there is little if any government oversight regarding these regulations at the project level. In the
absence of government oversight, negotiations between the hydropower sector and projectaffected communities emerged as a powerful tool shaping the negative impacts and beneficial
outcomes for project-affected communities in these mountain river basins. The site-specific
nature of negotiations that unfolded between hydropower developers and project-affected
communities influenced the diverse range of social outcomes and community relations that was
observed across the study sites. Based on these results it was concluded that the process of
implementation—how run-of-the-river hydropower projects are designed, managed, and
operated to benefit local communities’ needs—can greatly influence social well-being and
community conflicts in Nepal’s hydropower boom.
In studying the negotiation processes, the timing of negotiations was critical. When
developers took local community needs into consideration early in the planning process, the
developers could cost-effectively allocate water for irrigation and build a local grid to supply
electricity from the project (for projects not connected to the national energy grid). If instead
entire rivers (in the dry season) were allocated for energy generation, and the associated power
purchase agreements were signed with the Nepal Electricity Authority, releasing water for
irrigation or any non-energy generating use would be not be feasible and retrofitting the
hydropower infrastructure would be cost-prohibitive.
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While the size of the project, or the installed capacity, had no discernable correlation to
the social outcomes and corresponding conflicts, the ownership of the project did appear to
influence the potential for shared benefits. All but one of the hydropower projects developed by
Nepali Independent Power Producers were offering benefits to the local communities postconstruction with several sites offering a variety of annual financial and in-kind community
support. In contrast, all NEA or Chinese owned projects did not offer any form of benefit sharing
post-construction. While the government and Chinese owned projects could wait out strikes and
protest from project-affected communities, the Nepali independent power producers could not
afford to defer production and loan payments from project delays and were much more likely to
negotiate shared benefits. This difference did not go unnoticed by project-affected communities
who openly spoke of making greater demands when hydropower projects were owned by Nepali
independent power producers.
Using several study sites that exemplify the benefits that run-of-the-river hydropower can
provide local communities, this article offers promising directions to create more socially just
transitions to renewable, run-of-the-river hydropower. When run-of-the-river hydropower
projects incorporated local community needs (i.e. irrigation water or electricity access) into the
design, management and operation of the project such as offering year-round irrigation and
subsidized electricity, there could be multiple positive impacts for local farmers, especially given
changing climate conditions and demographics in these agricultural systems. However, given the
unequal power relations in the negotiation process, there are no mechanisms in place to ensure
such benefits are realized locally. With ‘best practices’ left to voluntary (in)action, there is the
potential for rural communities to be further marginalized. With the new boom in run-of-theriver hydropower in mountain river basins this is the need for policy and decision makers to fully
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acknowledge that these projects are not inherently socially and environmental benign and in fact
can and do greatly influence mountain environments and communities in different ways. These
findings suggest that the political nature of all hydropower development—who benefits and at
whose and what cost—demands more policy attention. From the lived experiences of projectaffected communities to power relations shaping project outcomes, the processes driving
hydropower development, and the rules, regulations, and policies that shape this development,
there is much work to be done to ensure the expansion of renewable energy technology supports
sustainable development goals across multiple scales.
5.2 Manuscript B: A critical examination of both enduring and emerging challenges in
Nepal’s hydropower boom (Appendix B)
In recognizing that Nepal has entered a new era of dam development this article presents
a review of the challenges facing Nepal’s hydropower sector. My findings are presented in
relation to earlier studies examining barriers to hydropower development in Nepal. For example,
in contrast to earlier studies that found financial and policy challenges to be the greatest
hindrance to developing hydropower in Nepal (see Sharma and Awal 2013; Sovacool et al.
2011), I found that financial and policy challenges were no longer at the forefront. The three
main challenges for hydropower developers across the 12 study sites were (1) hydroelectric
energy generation, particularly regarding water availability; (2) hydroelectric energy
transmission (also described as execution) due to Nepal Electricity Authority; and (3) rising
conflicts with project-affected communities. Although these three challenges have long plagued
hydropower development in Nepal, this article offers new insights into these enduring challenges
as well as highlights emerging challenges given the recent boom in Nepal’s hydropower sector.
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Both the temporal and spatial dimensions of Nepal’s hydropower boom are contributing
to new challenges. For one, the rapid growth is leading to ‘haphazard’ and ‘piecemeal’
development as described across the stakeholder groups. The growth is also concentrated with
hydropower projects being built one after another without any policies, regulations, or practices
considering possible cumulative or additive impacts from such concentrated growth (Figure B.4).
This growth is also occurring when current regulations and practices in Nepal’s hydropower
sector are insufficient to safeguard water resources for local environmental and social needs.
With limited governmental regulations and limited government oversight or enforcement at the
project level, stakeholders are often found entwined in power struggles to defend the water and
land resources that they believe are rightfully theirs. With the government of Nepal focused on
increasing hydropower generation to meet its decreed “10,000 MW in 10 years” and showing
limited interest in governing this hydropower boom to address growing grievances over
competing needs of water, the current trajectory suggests a turbulent future. Hydropower-related
conflicts are considered both an enduring and emerging challenge as the nature of these conflicts
are shifting and adapting with the spread of hydropower. While social opposition and resistance
to hydropower development can help to assuage negative impacts and offer tangible benefits to
project-affected communities (see Appendix A), the power asymmetries that exist between
hydropower developer and rural communities tend to skew negotiations and ultimately keep
power concentrated by elites who have the most to gain in Nepal’s hydropower boom.
Renewable energy development offers opportunities to create new energy system dynamics,
however, they can also reinforce existing power structures (Loorbach et al. 2017, Shaw 2011).
Without disrupting existing power structures and fundamentally re-organizing the distribution of
potential gains and losses (Burke and Stephens 2018), the expansion of run-of-the-river
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hydropower can be expected to further deepen existing social inequalities within Nepal’s energy
system. By critically examining hydropower development in Nepal as embedded within a
broader energy system we find that Nepal’s hydropower boom risks being a boom of installed
capacity and not one of electricity generation or rural development. Such a narrow focus on
installed capacity, instead of the needs and constraints of the larger energy system, may in fact
intensify energy shortages and social inequity in Nepal.
5.3 Manuscript C: The water-energy-food nexus: A systematic review of methods for
nexus assessment (Appendix C)
In studying the water-energy-food nexus, there was an apparent need for nexus-specific
methods to study these interactions. Working with Tamee Albrecht, we conducted a systematic
review of 245 journal articles and book chapters on water-energy-food nexus scholarship. As
suspected, nexus methods were limited. Only 30% (73 of 245) of the peer-reviewed literature
presented specific nexus methods or analytical tools to measure interactions among water,
energy, and food systems. In reviewing the publication dates of these 73 ‘methodological’
articles we found that nexus method studies to be burgeoning. Over 80% of the methods articles
were published after 2015. A challenge with studying nexus methods is that water-energy-food
nexus scholarship, which is inherently interdisciplinary, is used in a variety disciplines and
published in a wide array of journals. Our study sample were published across thirty-seven
journals, with about a third (36%) focused on water resources. Even though our selection criteria
included only articles that engaged with all three sectors—water, energy and food, few studies
gave equal attention to the three sectors, instead, over half (55%) of our studies focused on one
particular resource i.e. food, water, or energy.

52

Although we found a diverse range of analytical approaches for evaluating a threepronged water-energy-food nexus, there were few new tools used to study interactions among
water, energy, and food systems. Methods were commonly from the fields of environmental
management (e.g. lifecycle assessment or footprinting) (60%) and economics (e.g. input-output
or tradeoff analysis) (45%). Social science methods including institutional analysis, Delphi
technique, agent-based modeling and participatory workshops were utilized in 26% of studies.
Less than a third (27%) combined methods from different disciplines with disparate
epistemologies. The majority were quantitative (70%) studies with only 10% using solely
qualitative methods. The other 19% used both quantitative and qualitative methods. A tabulated
list of all nexus tools and methods from the 73 ‘methodological’ articles are presented in
Appendix C, Table 1.
We found that nexus study objectives generally aligned with broad definitions of the
water-energy-food nexus and sought to improve resource-use efficiency or management,
enhance policy integration, and/or promote sustainable resource-use practices. However, a major
finding from our review of the 245 water-energy-food nexus studies was the disconnect between
how robust nexus methods are described in the literature and how nexus methods are
implemented in case study assessments. In analyzing nexus literature regarding nexus methods
from the original 245 articles, we identified four key features, or normative attributes, called for
in nexus methods. These four key features include the need for (a) innovative or novel
approaches; (b) methods that address local context of water, energy, and food systems; (c)
collaborative and participatory approaches; and (d) methods that address policy needs or can be
implemented in practice (Figure C.6).
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Once we had identified these four key features called for in nexus scholarship, we then
analyzed how well the nexus methods employed in the 73 ‘methodological’ articles addressed
the stated needs for nexus assessments, as identified by the four normative key features. Given
the complexity and breadth of water, energy, food system studies, we recognized the need for
and wanted to support a plurality of methods and approaches to study such an interdisciplinary
field. We did this by highlighting important contributions by specific articles to the four key
features of nexus methods: innovation, context, collaboration, or implementation. We also offer
18 articles that exemplify multiple key features of nexus methods (Appendix C, Table 3). Our
methods tables are designed to offer a resource and knowledge base of nexus methods that use a
variety of analytical approaches to study water, energy, and food system interactions in a variety
of contexts for researchers and practitioners. We hope these studies can be a springboard for
continued development of robust nexus methods that align with nexus framings and conceptual
approaches.
6.0 Conclusion
This dissertation sought to examine the intersection of hydroelectric energy generation,
water resources, and agricultural livelihoods in Nepal’s mountain river basins by asking: What
challenges and opportunities do run-of-the-river hydropower development and generation
present for agricultural systems in the mountain river basins of Nepal? Such an open-ended
question, not surprisingly, opened up many avenues of enquiry.
Although this research was designed to focus on water resources and how farmers adapt
to changing water resources in Nepal’s Gandaki River basin, in conducting interviews it became
evident that water resources were only a piece of a much larger story of run-of-the-river
hydropower development. Water resources did remain an important focal point throughout the
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research. Water availability, or lack thereof, was found to be profoundly important for farmers in
these mountain communities, especially given changing precipitation patterns from climate
change. However, roads and electricity were also found to be valuable benefits that were coveted
by communities that did not have access to this infrastructure.
Listening to farmers’ stories, disparate experiences emerged. On one end of the spectrum,
farmers explained how hydropower development had destroyed their land and taken their water
while offering minimal, if any, local benefits. Meanwhile, on the other end of the spectrum,
farmers explained how hydropower projects had greatly improved their well-being by providing
subsidized electricity and year-round irrigation water to grow cash crops. Through these
interviews it became apparent that assessing impacts—both positive and negative—from run-ofthe-river hydropower development must extend beyond water resources and examine social
benefits more broadly. The double exposure framework (O’Brien and Leichenko 2000) was
instrumental to examine run-of-the-river impacts within the larger context of both climate change
and globalization patterns.
Examining the results of my fieldwork through an energy systems lens helped situate the
growth and development of Nepal’s hydropower sector within a broader energy landscape that
considers the social systems that shape hydropower development in Nepal including
management and decision-making, as well as the social systems that shape societal outcomes
including the distribution of costs and benefits. Building upon critiques of renewable energy
development by Shaw (2011), Bridge (2013), and Loorbach et al. (2017) and hydropower
specifically (Huber and Joshi 2015; Ahlers et al. 2015; Ptak 2019; Hennig and Harlan 2018)
dominant policy discourses around run-of-the-river hydropower were interrogated and efforts
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were made to unveil the complexity associated with sociopolitical and scalar dimensions of
hydropower development in Nepal.
When focusing on the community-level impacts, I drew on hydrosocial cycle and
sociohydrology perspectives to examine run-of-the-river hydropower impacts and the local-level
processes that shaped these outcomes. The negotiation processes at the community level varied
across the 12 study sites from how communities were informed (or not), to how communities
contested (or not). In assessing these processes, I drew on the hydrosocial cycle scholarship to
consider the unequal power relations shaping decision making as well as the unequal distribution
of impacts within and across study sites. I drew on the socio-hydrology framework to examine
the physicality (or materiality) of water as a natural system and the technical dimensions that
drive or constrain hydropower development in these mountain river basins. Finally, I worked to
examine the spatial and temporal dynamics and relational dimensions of human-water systems
that both hydrosocial and sociohydrology scholarship call for.
A summary of the broad conclusions is presented below:
(1) Nepal’s long-awaited boom in hydropower is underway and is profoundly
influencing water flows and project-affected communities in Nepal’s mountain river
basins in variable ways. Framings of run-of-the-river hydropower as a socially and
environmental benign intervention in river basins fails to capture the diverse impacts—
often concerning social and environmental impacts—associated with run-of-the-river
hydropower in mountain river basins. Run-of-the-river hydropower projects were found
to have a plurality of short- and long-term negative impacts on project-affected
communities (Table A.4). Most notably, our study revealed how drastically run-of-theriver hydropower projects can reduce streamflow by diverting most, if not all, of the
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streamflow in the dry season. These findings align with run-of-the-river hydropower
studies in northern India that also found entire rivers to be diverted in the dry season (see
Kumar and Katoch 2015).

In accordance with other studies pointing out the site-specific nature of hydropower
impacts (Kelly-Richards et al. 2017), our 12 study sites also exemplifed how drastically
different social impacts of run-of-the-river hydropower project can be on mountain
communities, even within one river basin in the Western Development Region of Nepal.
While some communities project-affected communities (i.e. Aandhikhola and Ridi)
expressed deep gratitude for the improved electricity and water supply from the
hydropower development, other study sites i.e. Daurandi, Modi, Upper Madi) expressed
their deep disdain for the hydropower projects noting the lack of beneficial outcomes and
negative impacts as well as feelings of being cheated and betrayed by hydropower
companies. Across the 12 study sites, the process of implementing run-of-the-river
hydropower including the steps taken to mitigate impacts, compensate communities, and
provide locally-desired benefits was found to greatly influence beneficial outcomes and
negative impacts for project-affected communities. The timing of community input and
negotiations were critical to influence the design of the hydropower project. Most of the
hydropower projects were not designed as multi-purpose dams, to design such multipurpose dams required early planning and integrating benefits such as irrigation water
and electricity locally into the infrastructure design from the onset.

(2) There is an opportunity in Nepal’s hydropower boom to support more socially just
and inclusive hydropower development in mountain river basins through benefit
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sharing with project-affected communities. An added benefit of supporting local
community needs for hydropower developers is the amicable relationships that can be
fostered through shared benefits. A top complaint by hydropower developers was the
resistance and pushback from project-affected communities. Community led strikes and
protests, particularly during the construction phase, regularly contributed to costly delays.
Across the 12 study sites, three-quarters of the projects exhibited deep conflicts and
strained relations between project-affected communities and the hydropower companies.
However, several study sites, particularly Ridi which was developed by and is operated
by a Nepal independent power producer, exemplified how run-of-the-river hydropower
projects can be planned, designed, implemented, and managed to benefit local
communities’ needs while also being profitable. The hydropower developer at Ridi, who
was committed to and obtained community buy-in for the project, did not experience any
project delays during construction or obstruction to energy generation throughout the
project and had maintained amicable relations with the project-affected communities at
the time of fieldwork (8 years post-construction). Lessons from Ridi hydropower suggest
that through early planning and community participation, run-of-the-river hydropower
projects can be designed as multi-purpose projects to offer year-round irrigation and
subsidized electricity that is cost-effective for developers. Such benefit sharing
mechanisms can also support some of the most vulnerable populations to climate change
in Nepal—small-scale farmers living in the highlands.

While benefit sharing offered opportunities to promote more socially just and inclusive
run-of-the-river hydropower development that could benefit both hydropower companies

58

and project-affected communities alike, finding ways to address environmental impacts
from river fragmentation was less obvious. In discussing environmental flows with
hydropower engineers, there was a general consensus that a release of 10% of the lowflow (as required by law) would not be sufficient to prevent river fragmentation during
the dry season. There was also an overall lack of scientific knowledge about the
hydrology, and aquatic and riparian communities in these river systems to inform best
practices. Environmental flows for run-of-the-river hydropower projects in Nepal offer
future research opportunities as discussed further below

(3) In addition to enduring challenges in developing hydropower in Nepal that affect
energy generation and distribution, there are also new emerging challenges that are
escalating conflicts in Nepal’s hydropower boom. The unprecedented boom in Nepal’s
private hydropower sector suggest a new era of dam development in Nepal. Yet, despite
inroads regarding private financing for hydropower, there are many enduring challenges
regarding water availability for energy generation and hurdles working with Nepal
Electricity Authority to transmit electricity. Given these major challenges to energy
generation and transmission, Nepal risks having a boom in installed capacity and not one
of electricity generation.

The limited attention to the unequal power relations shaping hydropower development in
Nepal mountain river basins along with the uneven distribution of development impacts
are both enduring and emerging challenges fueling hydropower-community conflicts as
hydropower development spreads. These conflicts could be compounded by the rapid,
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concentrated pattern of new hydropower development which raises new concerns
regarding the cumulative and compounding impacts of run-of-the-river hydropower on
local livelihoods and mountain environments. This trend is particularly alarming because
policies and practices were found to be insufficient to safeguard water resources for
environmental and social needs or to address the rising hydropower-related conflicts in
these mountain river basins.

The country’s narrow focus on increasing installed capacity, instead of fulfilling the
energy demands of the country by addressing concerning energy and justice concerns
embedded in the larger energy system may in fact intensify energy shortages and social
inequity in Nepal.

(4) Policies are needed that address the uneven distribution of impacts and unequal
power relations embedded in all hydropower development, including run-of-theriver type designs. While run-of-the-river hydropower can support rural development,
promoting ‘best practices’ for hydropower development alone fails to ensure these
projects mitigate negative impacts and offer tangible benefits for project-affected
communities. The expansion of run-of-the-river hydropower appears to be on a trajectory
that parallels the story of large dams regarding the uneven distribution of social and
environmental impacts and unequal power relations but now in some of the most
ecologically sensitive environments and affecting some of the most vulnerable
populations to global change. The political nature of all hydropower development—who
benefits and at whose and what cost—demands policy attention from the lived
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experiences of project-affected communities, to power relations shaping project
outcomes, to the processes driving hydropower development, and to the rules,
regulations, and policies that shape this development. Moving forward there is a real need
to critically examine run-of-the-river hydropower development, regardless of size,
particularly given the sensitivity and vulnerability of human and ecological systems in
mountain river basins globally.

Research Limitations, Challenges & Future Work
The major research limitation in this study included obtaining hydrologic, environmental
and social impact reports, and financial data. A dearth of data on streamflows existed across our
study sites. If streamflows were measured by hydropower companies or the NEA, they were not
made available. Additionally, I was unable to examine the Initial Environmental Evaluation
(IEE) or Environmental Impact Assessment (EIA) reports for each of the study sites. These
reports are supposed to be publicly available, but when asked to view them they were
consistently ‘unavailable’. Interviews were productive and well-aligned when cross-checked
through data triangulation. The exception to this statement about interviewee data had to do with
financial contributions. It was difficult to obtain financial numbers, especially on paper (which
should be included in the EIA and IEE reports). Discrepancies existed between what the
hydropower developers said was provided to project-affected communities regarding money and
in-kind compensation and what project-affected communities said was promised and/or
provided. Without a way to cross-check these statements and no access to any documentation,
these differences are described, but not quantified in this study.

61

Possible next steps for this research are to work on connecting research findings with
decision-makers. Working with national-level government officials and decision-makers could
offer an opportunity to re-evaluate the goals of Nepal’s hydropower boom to focus on benefit
sharing to support local-level implementation of Nepal’s sustainable development goals and
targets. I recommended following up on semi-structured interviews with Nepal Electricity
Authority, Ministry of the Environment, Ministry of Energy, Ministry of Irrigation, and the
Water and Energy Commission Secretariat to disseminate research findings and highlight the
opportunities for run-of-the-river hydropower to be developed in a way that supports the
country’s Sustainable Development Goals at both the local and national level. These discussions
would need to incorporate business interests as well as project-affected community needs and
acknowledge environmental impacts and concerns. I propose continuing to work directly with
NEA and IPPAN as well as individual hydropower developers and project-affected communities
to disseminate research findings that offer a basin-wide perspective of run-of-the-river
hydropower practices as well as the enduring and emerging challenges. Recognizing the
important role that hydropower developers play in influencing current development practices in
Nepal, working with this group of stakeholders could help influence how run-of-the-river
hydropower projects are designed, managed, and operated. Using the empirical results from our
12 study sites there is the opportunity to highlight the range of community relations across the 12
study sties and show the potential for hydropower development to benefit project-affected
communities through early negotiations while still being profitable (i.e. Ridi hydropower). With
both NEA and IPPAN playing a critical role in information flows and development practices,
working with these two organizations to identify alternative actions that adjust common practices
or rules of the system could greatly influence the implementation of hydropower throughout
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Nepal. For such use-inspired research there will be an ongoing need to continue to uphold
principles for usable research (Dilling and Lemos 2011) and effective knowledge sharing (Reed
et al. 2014).
Future research exploring the multi-dimensions shaping hydropower development and
the impacts are needed. To date, minimal research has examined the ecological impacts of water
diversions in the Himalayas. Exploring riverine system dynamics and environmental flows
needed to support aquatic ecosystems in Nepal’s mountain river basins would be useful to better
understand and inform best practices in Nepal’s hydropower boom and better balance water
needs for electricity, agriculture and ecological systems.
The cultural and political landscape of Nepal is incredibly complex and while this
research touches on some sociopolitical threads to consider in Nepal’s hydropower development
boom, it does not attempt to do justice to the rich cultural and political history and context that
influences hydropower development in Nepal. Political economy and political ecology research
to more closely examine the drivers and role of politics, economics, and finance in Nepal’s
hydropower boom across scales from the individual to the international would be highly
beneficial.
Finally, comparative studies are needed. Connecting this research from Nepal with
hydropower research from mountain regions globally could offer a rich terrain to further explore
local, regional, and global trends and inform hydropower development.
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Tables
Article Citation

Study Area

Baker (2014)

Himachal
Pradesh,
India

In studying 49 operational run-of-the-river hydropower projects in Himachal
Pradesh there were many documented social and environmental concerns
including negative impacts on water supply for irrigation, water mills and
fisheries, damage from landslides, poor labor conditions and uncompensated
worker deaths.

Baruah (2012)

Indian
Himalayas

Run-of-the-river projects are being designed and developed with the sole focus
of energy generation instead of multi-purpose dams. In the Indian Himalayas
the distribution of benefits and negative impacts of hydropower as well as the
vulnerability to risks are distributed unevenly, with a disproportionate burden on
the rural poor who are depended on streamflows for their livelihoods.

Kumar and
Katoch (2017)

Indian
Himalayas

This article labels run-of-the-river hydropower projects "Dam Devils" due to the
public safety risks that exist with current hydropower construction in the Indian
Himalayas. Many of these ROR projects have led to loss of life (i.e. flash floods,
landslides, earthquakes, poor or illegal constructions practices).

Sharma and
Thakur (2017)

Jammu and
Kashmir,
India

This study details social and environmental impacts during construction and
post-construction from one 48 MW run-of-the-river hydropower project.
Negative impacts include environmental degradation, decline in water quality
and availability, loss of agricultural lands and the displacement of 40 families.

Premalatha et al.
(2014)

Global Scale

The ecological and hydrological impacts are not dependent on the installed
capacity or size of the hydropower projects.

Ptak (2019)

Yunnan,
China

A study of run-of-the-river hydropower projects in Yunnan, China found that
these hydropower projects often do not reach their stated goals of rural
electrification and development and instead further marginalize rural
communities affected by hydropower.

Buechler et al.
(2016)

Uttarakhand,
India

A study of three run-of-the-river projects found hydropower activities contributed
to land destabilization, adverse water quality, decline in water availability in both
the streams and springs, deforestation, and declines in fish populations.

Karnataka,
India

A study of four run-of-the-river hydropower projects in Karnataka, India found
minimal government oversight, almost no public participation and high levels of
conflict with project-affected communities. The documented socio-economic
impacts stated that there were limited employment opportunities, a decrease in
river access, minimal infrastructure benefits, and adverse impacts on fish for
the majority of study participants.

Jumani et al.
(2016)

Main Finding(s)

Table 1: Summary of studies documenting negative social and environmental impacts of
run-of-the-river hydropower projects on project-affected communities.
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Size
(Installed Capacity MW)
Run-of-the-River
Hydropower Project

1-5 MW

Andhikhola
Bijayapur-1

5-25 MW

25-100
MW

Length of Operation
(Since 2017)

Ownership
Government Owned

9.4
4.5

Privately Owned

> 15 years in
Operation

Butwal Power Company

1991
2012
2017

Daraundi A

6

Daraundi Kalika Hydro

10

United Modi Hydropower Pvt. Ltd.

Mardi

69
14.8

Ridi

2.4

Seti

1.5

2008
Gandaki Hydropower Development
Co. Pvd. Ltd.

Lower Marsyangdi
Modi

2012

Nepal Electricity Authority

4.8

< 5 Years in
Operation

Bhagawati Hydropower
Development Company

Lower Modi-11
Middle Marsyangdi

70

5-15 Years in
Operation

2010

Nepal Electricity Authority

1989

Nepal Electricity Authority

2000
Ridi Hydropower Development Co.
Pvt. Ltd.

Nepal Electricity Authority

2009
1985

2

Madi Power Pvt. Ltd.
(Chinese Company)
Sinohydro-Sagarmatha Power
Company Pvt. Ltd
(Chinese Company)
Chhyandi Hydropower Co. Pvt. Ltd

Khudi Khola

4

Khudi Hydropower Ltd.

Radhi Small

4.4

Radhi Bidyut Co. Ltd.

2014

Nyadi Group Pvt. Ltd.

2012

Upper Madi

25

Upper Marsyangdi
A
Chhandi Khola

50

Siuri1
Tatopani

5
1

2

Upper Hugdi
1
No irrigation in impacted stretch

Nepal Electricity Authority
5

2017
2016
2015
2006

1997
Ruru Jalbidyut Pariyojana Pvt. Ltd.

2015

Table 2: Selected 12 study sites (in bold) chosen as a representative subset of the total 18 operational hydropower projects
ranging from 1 – 100 MW in the Gandaki River basin in Western Development Region of Nepal.
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Stakeholder Group

Sample
Size

Thematic Areas of Semi-Structured Interviews

N = 14

· Changes in Hydropower Development
· Changes in Water & Energy Policies
· Benefits of Hydropower Projects
· Negative Impacts of Hydropower Projects

N = 48
(an
additional
36 farmers
were
present but
did not
speak)

· Changes in Water Availability
· Changes in Food Production
· Changes in Farming Practices
· Changes in Energy Use/Supply
· History of Hydropower Project & Negotiations
· Benefits of Hydropower Projects
· Negative Impacts of Hydropower Projects

N = 24

· Changes in Water Availability
· Changes in Energy Production
· History of Hydropower Project
· History of Community Negotiations & Relations
· Benefits of Hydropower Projects
· Negative Impacts of Hydropower Projects

National water & energy academic
experts
National-level policy & decision
makers
(i.e. National Electricity Authority,
Ministry of the Environment, Ministry
of Energy, Water and Energy
Commission Secretariat, Ministry of
Irrigation; Independent Power
Producers’ Association of Nepal)

Community leaders, farmers &
water managers

Hydropower developers
Hydropower staff
(Project managers & operators)

Table 3: Semi-Structured Interview Data Collection by Stakeholder Group

75

Figures

Figure 1: Schematic of a typical run-of-the-river hydropower system
Adapted from Kelly-Richards et al. (2017)

(A)

(B)

Figure 2: (A) Operational hydropower development by development region in Nepal (2016)
and (B) 12 representative study sites (dam and powerhouse) of the 18 operational projects
(1-100 MW) in the Gandaki River Basin of the Western Development Region of Nepal.
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Appendix A: A sustainability paradox: Run-of-the-river hydropower in Nepal’s mountain
river basins
Authors: Arica Crootof, Rashmi Shrestha, and Tamee Albrecht
To be submitted to Renewable and Sustainable Energy Reviews
Abstract
In Nepal, run-of-the-river hydropower poses a sustainability paradox. While hydropower can
support sustainable development goals at the national level, the local-level impacts on ‘projectaffected communities’ and mountain environments are less certain. Contrary to their benignsounding name, “run-of-the-river” hydropower projects do not let rivers run freely—instead,
they dam and divert streamflow, which can profoundly disrupt rivers and the people who live in
these river basins. To understand how and why communities are affected by hydropower
development, this research examined how social and political relations were articulated between
hydropower companies and project-affected communities and the uneven development that
resulted across 12 run-of-the-river hydropower study sites in the Gandaki River basin of Nepal.
This comparative study underscored how drastically different run-of-the-river hydropower
projects can influence project-affected communities. Contrary to common narratives, we found
local benefits from hydropower to be limited, only two study sites gained both increased
irrigation water supply and electricity access. Meanwhile, river flows were dramatically altered
at all 12 study sites. With limited benefits and a variety of short- and long-term negative social
and environmental impacts felt locally, two-thirds of the study sites exhibited deep conflicts with
hydropower projects. By assessing hydropower conflicts and negotiation processes between
hydropower companies and project-affected communities, this study revealed the importance of
timing of hydropower conflicts and negotiations, namely early in the planning phase, to support
tangible benefits such as irrigation water and electricity for project-affected communities.
However, without policies that address the uneven development and power relations embedded
in all hydropower development, voluntary (in)action in Nepal’s hydropower boom does little to
address local-level sustainable development. Moving forward there is a real need to critically
examine run-of-the-river hydropower development, regardless of size, particularly given the
sensitivity and vulnerability of human and ecological systems in mountain river basins.
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1.0 Introduction
1.1. Nepal’s Run-of-the-River Sustainability Paradox
Run-of-the-river hydropower projects can pose a sustainability paradox. At the national
level, hydropower development makes important contributions to climate change mitigation
measures by avoiding carbon dioxide emissions from fossil-fuel sources. Generating electricity
through renewable hydropower is a key component in Nepal’s quest to meet its Sustainable
Development Targets and Goals and graduate from the United Nation’s Least Developed
Country classification by 2022 (Government of Nepal National Planning Commission, 2015).
With no known oil, gas, or coal deposits in Nepal, but immense hydropower potential, Nepal has
long desired to develop hydropower for sustainable energy development. In Nepal, electricity is
a small percentage (3.4%) of the country’s energy consumption with fuel wood making up 70.5
% (Government of Nepal Water and Energy Commission Secretariat 2017). However, electricity
demand in the country is rising and increasing electricity supply is considered imperative to help
with Nepal’s economic growth and development (ibid). As of 2019, Nepal had approximately
1,000 megawatts or 1 gigawatt of installed hydropower capacity (most of which is run-of-theriver) which supplies nearly all of the electricity generated in Nepal (Nepal Electricity Authority
2019).
Aligning with many international policy discourses around run-of-the-river hydropower,
the economic, social, and environmental benefits of harnessing Nepal’s hydroelectric potential
are touted throughout Nepal, especially given the country’s mountain water resources. Over
42,000 MW of installed capacity in Nepal have been identified as technically and economically
feasible to develop (Government of Nepal Ministry of 2001). In pursuit of economic
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development, Nepal aims to harness this great potential with a stated commitment of 10,000 MW
of hydroelectric power by 2030—a tenfold increase in installed capacity in just over a decade
(Government of Nepal Ministry of Energy 2016; Government of Nepal Department of Electricity
Development 2017).
While run-of-the-river hydropower supports Nepal’s sustainable development goals at the
national-level through the development of low-carbon, renewable energy, the social and
environmental implications from run-of-the-river hydropower on “project-affected communities”
are less certain. Proponents of run-of-the-river hydropower often emphasize how different these
projects are from large dams and reservoirs and proclaim the many benefits of run-of-the-river
hydropower. For one, run-of-the-river hydropower projects claim to contribute to climate
mitigation strategies by using renewable flowing water to generate low-carbon electricity. Runof-the-river hydropower is also known for its economic benefits as it is an efficient, proven
technology that provides an attractive return on investment over its long lifespan (see Kaldellis
2008, Manzano-Agugliaro et al. 2017; Kumar Sharma and Thakur 2017). Furthermore, many
social benefits from run-of-the-river hydropower are regularly publicized, specifically relating to
rural development through road construction, electrification, and job creation as well as
generating funds that support education, healthcare, and agriculture in rural mountain
communities (i.e. Alam et al. 2017, Yuksel 2010, Okot 2013). Another common narrative states
that by avoiding large reservoirs, run-of-the-river hydropower projects avoid the many known
negative environmental and social impacts of large dams including community displacement.
Finally, these run-of-the-river hydropower designs are often presented as “non-consumptive”
water users having little or no negative impact on the local environment as the diverted water is
returned to the natural channel (i.e. Kumar Sharma and Thakur 2017).
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While there are many proclaimed benefits of run-of-the-river hydropower development,
there is also a growing body of scholarly literature documenting negative social and
environmental impacts from run-of-the-river hydropower on project-affected communities that
present a more complex understanding of run-of-the-river hydropower development (see Table
1). As shown in Figure 1, run-of-the-river hydropower requires a dam. While these dams may be
small they can also be large (greater than 15 m in height). Regardless, these dams typically
extend across the entire river channel creating in-stream barriers that disrupt river connectivity,
contribute to river fragmentation and change streamflows throughout the ‘impacted’ or
‘impaired’ reach (Anderson et al. 2015; Csiki and Rhoads 2010). Such changes in streamflow
alter rivers’ geomorphology, water quality, and ecological functions and communities (ibid).
Water diversions from run-of-the-river hydropower in the Indian Himalayas was found to reduce
water availability for farmers who draw water from these rivers for irrigation, water mills, and
fisheries (Baker 2014; Buechler et al. 2016). Additionally, run-of-the-river hydropower
introduces new social and hydrologic risks that are difficult to predict, manage, or mitigate
especially given climate change predictions (Ahlers et al. 2015). Even the impacts of “small”
hydropower projects1, which are often run-of-the-river type designs (Zarfl et al. 2014), can have
detrimental impacts per megawatt on local communities (Abbasi and Abbasi 2011; Kelly 2019).
Similar to the anti-dam movement that rose in response to the social and ecological
impacts from large dams and reservoirs, there is a growing awareness of and negative reaction to
run-of-the-river hydropower development by project-affected communities in the Himalayas (see
Jumani et al. 2016; Ahlers et al. 2015; Sharma and Awal 2013), Andes (see Kelly 2019) and
mountain regions globally (see Kelly-Richards et al. 2017). The story of uneven development of

1

Definitions of ‘small’ hydroelectric power vary by country but are typically characterized by the installed capacity
(see Kelly-Richards et al. 2017).
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hydropower, especially the uneven distribution of economic, social, and environmental costs and
benefits from run-of-the-river hydropower development has a long history of conflict (see World
Commission Dams 2000). Given the contradictory narratives of the potential benefits of run-ofthe-river hydropower development for rural communities and climate mitigation strategies as
well as the potential negative impacts on local resources and the people who live in these river
basins, there is a need to examine the beneficial outcomes and negative impacts for projectaffected communities as well as explore the drivers and power relations influencing the uneven
development outcomes for project-affected communities.
So although run-of-the-river hydropower can support sustainable economic development,
the other two pillars of sustainable development as defined by the United Nations (2018), social
inclusion and environmental protection, appear to have largely been overlooked at the local-level
in Nepal’s quest to rapidly develop hydropower. While run-of-the-river hydropower projects
may be capable of supporting sustainable development that incorporates social inclusion and
environmental protections, academic studies across the Himalayas have found run-of-the-river
hydropower to have many negative social and ecological impacts on mountain rivers and
communities (see Table 1). These impacts are particularly concerning given that Nepal’s
hydropower development is happening in mountain or headwater systems that are known to be
sensitive and vulnerable to global change.
In Nepal, run-of-the-river hydropower development is largely occurring in the foothills of
the Himalayas commonly referred to as the mid-hills. While demographics of these mountain
communities can vary, the mid-hills are known for having relatively high rates of poverty and
low socio-economic status (Gioli et al. 2019). Studies have found these communities to be highly
vulnerable to climate change (Scott et al. 2019; Pandey et al. 2015) and the range of natural
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hazards (i.e. floods, landslides, glacial lake outburst floods, earthquakes, and drought) that
plague these geologically young and dynamic mountains (Dandekhya et al. 2017, Agrawala et al.
2003, Jodha 1995). Some of these vulnerabilities stem from the lack of or poorly funded or nonexistent government services particularly in the rural regions where roads, electricity, schools
and healthcare can be scarce (Dandekhya et al. 2017).
Over the past thirty years there have been shifts in both demographics and farming
practices in the mid-hills. Traditionally, families in these mountain communities were
subsistence farmers. However, there has been substantial out-migration of men from the hills to
urban areas or to work abroad as labors (Gioli et al. 2019). Many households now farm less land
and increasingly rely on incomes from wage labor or tourism (ibid). Since 2012, remittances
have made up more than a quarter of the Nepal’s Gross Domestic Product (GDP) (World Bank
2019). Remittances as well as changing markets both locally and internationally with China and
India, are further changing the availability of food in the mid-hills. Additionally, impacts of
climate change are being felt in these mountain regions. Most small-scale farmers in the
highlands of Nepal rely on rainfall so family in these highland areas are particularly vulnerable
to climate change (Dandekhya et al. 2017). As part of these plurality of changes, many farmers
are changing their cropping patterns. Farmers in the mid-hills historically cultivated paddy (rice)
during the monsoon and maize or wheat during the dry winter season. However, changing
climate patterns have caused winter rains to be less consistent or predictable, and local springs to
dry up (Dandekhya et al. 2017). These climatic changes coupled with the changing livelihoods
have led many farmers in the highlands dependent on precipitation to forgo their winter crop
(ibid).
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It is within these mountain river basins that hydropower is being promoted with
proclamations of economic growth and prosperity. Lord (2016) explains, “The hydropower
discourse promises what the government has failed to deliver” for these rural communities. And
in turn, many villagers in these mountain communities have welcomed hydropower development
wanting to be a part of, not a target of, this new wave of “development” (Lord 2016). However,
the benefits of development are not always realized locally. While there may be promises or
hopes of economic prosperity, electrification, employment, as well as improved roads,
healthcare, and education, project-affected communities may not necessarily receive all of these
benefits and can experience unanticipated negative economic, social, and environmental impacts.
Given the growing documentation of the negative social and environmental impacts on
project-affected communities throughout the Himalayas and other mountain regions, there are
new calls to mitigate negative impacts and promote local-level benefits to support more
sustainable development of run-of-the-river hydroelectric power (i.e. Kumar Sharma and Thakur
2017; Jiang et al. 2016; Buechler et al. 2016). As Nepal pursues adding 10,000 MW of installed
hydropower capacity in 10 years—an unprecedented boom in run-of-the-river hydropower
development—there is the need to understand how the rivers and people these hydropower
projects disrupt are affected as well as the actors and practices shaping project outcomes in
Nepal’s mountain river basins.
The next section describes our conceptual framing. From understanding the expansion of
run-of-the-river hydropower within a global change context to using a political ecology lens that
explores how sociopolitical relations among hydropower companies and project-affected
communities were articulated and the uneven development that transpired across 12 run-of-theriver hydropower sites in the Gandaki River Basin of Nepal. Section 2.0 presents our research
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design including the site selection, data collection and analysis. In Section 3.0 we discuss how
global change is re-shaping mountain communities and present a diverse range of beneficial and
negative run-of-the-river hydropower impacts on water availability, electricity, road
infrastructure, and employment across our 12 study sites. Section 4.0 explores hydropowercommunity conflicts and negotiations shaping community-level outcomes and highlights
important sociotemporal dimensions that can influence power relations. From these results, we
discuss the need to understand the multi-faceted nature of hydropower impacts and the power
dimensions that shape development outcomes for project-affected communities to help address
hydropower’s sustainability paradox.

1.2 Conceptual Approach
This research draws on human dimensions of global change scholarship to help
understand the complex and compounding impacts of both climate change and globalization
processes shaping human and natural systems in Nepal’s hydropower boom. This lens is
particularly useful in the Himalayas which are experiencing profound biophysical and socioeconomic changes. The Himalayas are known ‘hotspots’ of climate change (Gentle and Maraseni
2012) with both faster than average warming temperatures and more pronounced impacts from
the steep gradients and sensitive ecosystems (Beniston 2003). Changes in climate deeply stress
Nepal’s agricultural landscapes. Erratic rainfall has destroyed crops with profound negative
impacts on livelihoods (Dandekhya et al. 2017, Gentle and Maraseni 2012; Jodha 2005).
Concurrently, demographics are changing from out-migration in Nepal’s mountain communities
as well as agricultural practices and markets (Dandekhya et al. 2017, Chand and Leimgruber
2016; Maharjan et al. 2012). With political-economic processes often shaping pressing
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challenges for farmers in Nepal (Sugden et al. 2014), there is a need to understand the multifaceted dimensions of challenges facing farmers in these mountain environments to be able to
understand how hydropower impacts affect these communities.
The introduction of hydropower in a river basin is considered inherently political. Energy
development reflects on the sociopolitical system enacting this change while also shaping
existing sociopolitical systems (Calvert 2015). Such technical interventions are known to
influence both the distribution of resources and the relational power dynamics among
stakeholders that shape this distribution (Boonstra 2016; Burke and Stephens 2018).
Furthermore, flows of water resources are closely connected with flows of power, especially
when politician interests and business interests in water (and energy) infrastructure are
intertwined (Molle et al. 2009). In Nepal, both private hydropower interests and the Nepalese
state are invested in expanding hydropower and capitalizing on Nepal’s flowing water (Butler
and Rest 2017). In studying hydropower development in Nepal, Butler and Rest (2017) found,
The private hydropower narrative sells images of illuminated rural homes, children
studying late into the evenings under lamps, social programs sprouting up from fullyfilled government coffers, and urban homes stocked with modern appliances, surging to
life, at any time of day, with the press of a button… Nepal is told it’s not water but
money that pours down its rivers, unrealized and wasted. (p 22)
Given the financial and political interests by both the state and the private sector, there is a need
to critically examine the impacts of run-of-the-river hydropower development on project-affected
communities as well as the actors and processes that shape these impacts.
With Nepal’s rapid expansion of hydropower, these research draws on a political ecology
lens to explore: how do run-of-the-river hydropower projects affect the communities they

85

disrupt—who benefits and at whose and what cost? And, what can we learn from current
practices—how do the hydropower sector and project-affected communities either constrain or
enable local-level benefit sharing? By working to understand the local context of hydropower
development along with the people and processes shaping decision-making in Nepal’s
hydropower boom, this research considers the actors shaping decision-making in Nepal’s
hydropower boom, as well as the norms, regulations, knowledge, and management practices that
constrain or enable local-level benefits for project-affected communities.
In response to the era of large dam development, extensive research was carried out
exploring large dam impacts which then drew global attention to the uneven distribution of social
and ecological impacts on project-affected communities (i.e. World Commission on Dams 2000).
However, smaller dams and run-of-the-river hydropower have not been subject to same scrutiny.
A nascent, growing body of scholarly work critically examines and highlights the political
dimensions of run-of-the-river hydropower projects. For example, scholars have called into
question dominant hydropower discourses that frame this new wave of hydropower development
as ‘green’ (Ahlers et al. 2015), or offering win-win solutions for rural and state-level
development in Sikkim, India (Huber and Joshi 2015) and Yunnan, China (Ptak 2019; Hennig
and Harlan 2018). This research further contributes to this growing body of literature by
exploring the social impacts of run-of-the-river hydropower projects on project-affected
communities as well as the system and power dynamics that shape these outcomes in Nepal’s
mountain river basins.

2.0 Materials / Methods
2.1 Site Selection
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The Gandaki River basin in Western Nepal embodies Nepal’s run-of-the-river
hydropower boom. In meetings with Nepali water and energy academics as well as the Nepal’s
Water and Energy Commission Secretariat, the Gandaki River Basin was unanimously
recommended as being emblematic of the social challenges facing Nepal’s hydropower boom.
The Gandaki River basin in the Western Development Region of Nepal has 18 run-of-the-river
hydropower projects with installed capacities between 1 and 100 MW. In this same river basin,
there are more than 70 run-of-the-river hydropower projects (1 – 100 MW) in the planning or
construction phase (Government of Nepal Department of Electricity Development 2017).
The Gandaki River basin covers nearly a quarter of Nepal (33,336 km2) and extends from
Nepal’s high peaks (>8,000 m) in the north to Nepal’s low-lying plains (<200m) in the south.
The basin encompasses the diverse elevation, topography, climate, flora and fauna as well as the
diversity of Nepal’s cultural, political, and socio-economic demographics. Within this basin, runof-the-river hydropower is concentrated in the mid-hills where elevations range from
approximately 250 to 4000 meters (Figure 2).
To understand how and why communities are affected by run-of-the-river hydropower
development in the Gandaki Rivers basin, a representative subset encompassing 12 of the 18
operational run-of-the-river hydropower projects between 1 – 100 MW were chosen. Our 12
study sites are representative based on (a) spatial distribution in the river basin; (b) size (installed
capacity) “small” (1-10 MW) and “medium” (11-100 MW); (c) ownership including government
(Nepal Electric Authority) and independent power producers (Nepali and foreign companies);
and (d) length of operation including less than 1 year to more than 15 years (Table 2).
2.2 Data Collection and Analysis

87

Data collection occurred from January to December 2017. Primary data included semistructured interviews with national water and energy experts and key decision-makers from the
public and private sectors (n=14), semi-structured interviews with hydropower developers,
project managers and staff for the 12 study sites (n =24), and semi-structured interviews with
community leaders, water managers, and farmers from the 12 study sites (n=48). Data were also
collected through field visits participant observation and GPS mapping during field visits at the
12 study sites as well as from academic, policy, and governmental reports.
Building relationships with stakeholders from business, government, academia, and
civil society was a critical component of this research and is considered instrumental to generate
knowledge that can be used for decision-making (Dilling and Lemos 2011). Many of the
relationships were built over years of researching hydropower in Nepal by the authors, others
were fostered during the nine months of fieldwork in Nepal. Affiliations of two of the authors
with ICIMOD, a non-governmental regional research institution based in Kathmandu, Nepal,
helped in obtaining interviews with those we did not have prior connections too including highlevel governmental officials from the Ministry of Energy (Department of Electricity Generation,
Nepal Electricity Authority, Water and Energy Commission Secretariat), Ministry of Agriculture
and Livestock Development (Department of Agriculture, Department of Irrigation), and Ministry
of Forests and Environment (Department of Environment) as well as members from the Nepal
Bankers’ Association and the Independent Power Producers’ Association, Nepal (IPPAN).
IPPAN was first established in 2001 and is a non-profit, non-government membership
organization. This umbrella organization lobbies for “investor-friendly” policies and
disseminates information within and beyond its organization through regular newsletters as well
as seminars, conferences, and advocacy programs (IPPAN 2019). Critiques of the hydropower
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private sector in Nepal have expressed concerns regarding the push for deregulation as well as
narratives that advertise a profitable hydropower future that benefits all with little, if any,
discussion of the inherent uncertainty and risks associated with this development in Nepal’s
mountain river basins (Butler and Rest 2017).
A combination of purposive and random sampling was used for interviews. Purposive
sampling (Battaglia 2008) sought key national-level policy and decision makers from
government agencies (i.e. National Electricity Authority, Ministry of the Environment, Ministry
of Energy, Ministry of Irrigation, Water and Energy Commission Secretariat) and from the
private sector (i.e. Independent Power Producers’ Association of Nepal (IPPAN) as well as
individual hydropower developers and project managers from the study sites). At the local level,
we interviewed local leaders and water managers as well as a majority of the farmers, randomly
selected, who lived along a longitudinal transect from the dam site to the powerhouse for each of
the 12 study sites. We also interviewed community members who lived outside of all 12
impacted reaches as a ‘control’ to help identify non-related hydropower changes in these
mountain environments and verify data collected from project-affected communities. All
fieldwork was conducted by the authors. Rashmi Shrestha (author) concurrently translated all
non-English interviews into English.
Broadly, our fieldwork and interviews sought to understand how and why communities
are affected by run-of-the-river hydropower development. We sought (a) to understand beneficial
and detrimental impacts from hydropower development as identified by members from projectaffected communities, (b) to understand physical, social, regulatory, and technical constraints
facing local livelihoods and hydropower developers, (c) to understand sociopolitical
relationships among hydropower companies and project-affected communities throughout the
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process of planning, construction, and operation, and (d) to integrate different communities of
knowledge across stakeholder groups to identify feasible strategies to promote inclusion of
project-affected community needs and promote local-level benefits for project-affected
communities (Table 3). What is not discussed in detail in this study, but nonetheless important, is
the social and demographic make-ups of the different ‘project-affected communities’ as
individuals and social groups within these project-affected communities have different degrees
of entitlement (Dreze and Sen 1991) and different norms, knowledge, governance forms, and
identities (Boelens et al. 2016) that influence power relations (Nightingale 2011) depending on a
variety of factors not limited to age, caste, class, gender, political, and ethnic identities. While
further work exploring these shifting power relations in hydropower conflicts is needed, this
study examines impacts at the community-scale for a basin-wide comparison study.
Interview transcripts were thematically coded (Guest et al. 2012) using NVivo software.
Interview transcripts were first categorized based on stakeholder group (i.e. policy and decision
makers, hydropower developer, hydropower project manager, water manager, farmer, local
leader). Next, interview transcripts were coded and analyzed based on the following themes:
climate change, changing water availability (quantity, timing, location), changing agricultural
practices, changing infrastructure, changing policies, hydropower-farmer conflict and
negotiations, availability of electricity, and the beneficial and negative impacts from hydropower
over time. Data were triangulated by combining and cross-checking data from academic,
government, and policy documents, participant observation, GPS mapping, and semi-structured
interviews within and across stakeholder groups.
3.0 Nepal’s Hydropower Boom: Environmental & Social Impacts
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Across the mid-hills of Nepal, where hydropower is expanding, farmers are experiencing
a flurry of changes. Our research recognizes hydropower as one of many interventions shaping
local communities within a larger context of global change. Thus, understanding local-level
community needs was deemed integral to be able to understand how hydropower impacts the
communities it disrupts. In this section we first present what we found regarding changing
demographics and agricultural practices. We then present the range of beneficial and negative
run-of-the-river hydropower impacts on water availability, electricity, road infrastructure, and
employment from our 12 study sites, and connect how these impacts affect project-affected
communities in these mountain river basins.

3.1 Changing Mountain Livelihoods
Across the 12 study sites we found drastic changes in community demographics from
male out-migration and increased hydroclimatic variability from climate change both of which
are influencing agricultural practices. Interviews with project-affected community members were
predominately with women or elderly males as most of the young men in these villages had left
to work abroad. Approximately 70% of the men between the ages of 18 and 40 from the 12 study
sites were working abroad, returning home for two or three months every few years2. We also
found children attending schools. This out-migration is contributing to labor shortages.
At all 12 study sites community members consistently identified manpower or labor as
one of their greatest challenges for farming. With these labor shortages, labor costs across the 12
study sites were reported to have risen five to tenfold over the past decade. Although many of
these farmers now receive money from their sons or husbands working abroad, there are also
more expenses. As one farmer from Andhikhola explained,
2

An average was taken of the quoted numbers from 27 community member interviews across the 12 study sites.
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Priorities and lifestyles are changing. Before we all just worked in the fields. Now, our
kids go to school and we must get them ready and off, buy clothes, and cover other
expenses. There is so little time to tend the fields. (Interview, February 3, 2017
As a result of these changing demographics, we saw many agricultural fields, regardless of
hydropower, fallow. These findings support out-migration and agricultural trends noted for
mountain communities in the mid-hills of Nepal by Dandekhya et al. (2017).
Meanwhile, hydroclimatic changes were noted within every river system we visited.
Community members from all 12 study sites described how rainfall had declined, especially
during the dry winter months. For farmers dependent on precipitation for water supply, the lack
of rain was detrimental to their winter wheat crop. Famers across several study sites indicated
that they now forgo their winter wheat crop due to the prolonged droughts that have become the
norm. As one farmer explained:
The rain used to be so good and regular. We would grow paddy up high. Each monsoon
the springs would open. Now, everything is different. For the past five years the springs
have been dry. There is very little rainfall. Not only that, but the Western side of the
district can have a great flood, and here, it will be completely dry, not a drop. (Interview,
October 12, 20172)
Farmers from Andhikhola, Daraundi A, Lower Modi-1, Mardi, Middle Marsyangdi, Modi, and
Ridi also reported the drying of rain-fed springs during the dry season. The stories we heard about
changing water resources both in terms of the timing and the quantity supported regional climate
change trends noted elsewhere in the literature (see Panthi et al. 2015). It is within this mountain
landscape that run-of-the-river hydropower projects are intervening and influencing mountain
river systems and communities in Nepal.
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3.2 Water Availability
Run-of-the-river hydropower dams were drastically altering river flows in across the 12
study sites. The most prominent environmental impact we found was the lack of flowing water in
the impacted river reaches. Visiting one site after another, river channels were dry below the dam
(Figure 3). The extent of the dry river reach varied for each site depending on the location of
tributaries feeding into the main river and supplying water to the dewatered section. We were
consistently told by farmers, hydropower managers, and hydropower staff at all 12 study sites
that the only time water was released from the dam during the dry season (November – May)
was when turbines were shut down for maintenance or repairs, or if the community had
negotiated a water release for cremation services. One hydropower project manager said, “Not a
single drop goes out. We are supposed to release 10% but due to [electricity shortages] we don’t
release any water” (Interview, February 22, 2017).
The extent that these water diversions affected water availability for irrigation varied
across the sites. According to our interviews, water availability for irrigation remained
unchanged at six project sites, declined at two project sites, and increased at three project sites.
And at one site, Mardi, changes in water availability were experienced unevenly across the
project-affected community. A few community members, including the local leader, had
increased access to water from the hydropower facility for most of the year, although most of the
people we spoke to in the village stated that they did not experience a change in the availability
of water resources for irrigation.
A reliable supply of irrigation water was highly coveted by the farmers we spoke to,
especially given the noticeable decline in winter precipitation. A farmer from one of the ‘control’
groups (outside the project-affected community) lamented, “If we had irrigation water we could
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produce gold” (October 12, 2017). At two sites where irrigation water availability was reduced
(Daraundi A and Middle Marsyangdi), the farmers expressed deep resentment for the
hydropower project. One community member from a village that was resettled from the dam area
stated, “We are resettled, but not satisfied with anything” (Interview, February 20, 2017). In
contrast, when water availability for irrigation improved, especially at Ridi and Andhikhola,
farmers expressed deep gratitude for the hydropower company. At Andhikhola a farmer
explained, “This was all desert before hydropower”. The farmer then went on to say as he
gestured to the agriculture fields, “It is because of hydropower that we can have all of this…the
road wouldn’t matter without water” (Interview, February 2, 2017). Unlike the majority of the
hydropower sites, Andhikhola, Ridi and Seti were designed to support local irrigation. Some of
the water flowing from the sedimentation pond was diverted into local irrigation canals. At Ridi,
famers could control water flows into a four-inch pipe that fed the irrigation canal below the dam
and a similar design existed for famers at Andhikhola (Figure 4). For the irrigation canals that
were impacted further downstream at Ridi, the developer built a concrete check dam to supply
water from a nearby tributary into the farmer’s irrigation canal. Farmers at Ridi explained that
prior to the hydropower project, they built earthen check dams each season, that then had to be
rebuilt after each flood event, to divert water for irrigation. The earthen irrigation canals needed
regular cleaning and maintenance all of which was very labor intensive. Now, with clear water
flowing from the sedimentation pond into their newly concrete-lined irrigation canals the famers
have a reliable water source that requires little maintenance or labor.
Although the lack of flowing water in the impacted reaches did not have significant
impacts on water availability for irrigation for the majority of the study sites, there were other
negative impacts the dewatered stretch of river. With no flowing water in these river beds,
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farmers who lived along the dewatered river reaches at Mardi and Upper Marsyangdi
complained about the loss of the river’s cooling effect. The lack of flowing water also affected
cultural practices, most notably, cremation services. At three of the project sites (Modi, Upper
Madi, Upper Marsyangdi A) cremation was no longer feasible in their local river and community
members had to travel to other sites for cremation services. Finally, community members and
hydropower staff at all 12 study sites noted the loss of fish from all of these rivers3. At Modi,
Mardi, and Upper Marsyangdi A, interviewees specifically noted the loss of the endemic and
culturally significant Asla (snow trout or Schizothoracinae) as a result of the hydropower dams
and diversions.
We found when farmers had access to reliable irrigation water, year-round, as they did at
Ridi, Andhikhola, and some at Mardi, farmers had transitioned to growing cash crops which
required less land and labor. The farmers we spoke to at Andhikhola and Ridi were all growing
vegetables year-round, and at Mardi there were two new trout farms. One trout farm was located
just below the dam where they received cold, reliable water and the other just below the tailrace
before the water was returned to the natural channel.
3.3

Road Development and Rural Electrification

Contrary to common run-of-the-river hydropower narratives proclaiming run-of-the-river
hydropower promotes rural development and electrification (i.e. Alam et al. 2017), our study
sites did not confirm this claim. Seven of the 12 study sites were built within the existing
national grid where electricity and roads were prevalent. Only two of the 12 study sites,
Andhikhola and Ridi, benefited from electrification. In our interviews with farmers at these two
sites all of the community interviewees acknowledged the great benefits of having electricity
3

The people we spoke to were unsure if fish were present during the monsoon season when there was better river
connectivity.
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including time and labor savings for household (i.e. rice cookers, lighting, television, charging
cell phones) and farming (i.e. sawmill, oil press, as well as rice and wheat grinding mills) duties.
Across the study sites members from the project-affected communities identified road
development and road improvements to be a desirable benefit from hydropower projects,
especially when this road infrastructure was lacking. However, only three project sites (Middle
Marsyangdi, Mardi, and Upper Marsyangdi A) benefited from road development, while one site
(Modi) benefited from road improvements. The community members we interviewed at these
four sites all considered the road development and improvements to be a major benefit of the
hydropower projects. When we asked the community members why the roads were so beneficial,
we received a variety of answers that included increasing land values, improving local markets,
and making it easier to get to urban areas and services.
Meanwhile, two study sites, Daraundi A and Upper Madi, did not have electricity prior to
hydropower construction and did not have access to electricity post-construction (as of our field
visits in March 2017 and May 2017, respectively). Furthermore, these two sites also did not
benefit from any additional roads or road improvements, much to the dismay of the local
communities. The farmers at Daraundi A and Upper Madi explained to us that they had expected
roads and electricity with the development of hydropower and they expressed their deep
frustrations with the hydropower developers for not providing roads or electricity, both of which
are symbolic of ‘development’ and afford project-affected communities a myriad of social
benefits as described above.
In our interviews with the hydropower developers from Daraundi (Interview, February
13, 2017) and Upper Madi (Interview, May 18, 2017) the hydropower developers explained that
developing roads and energy infrastructure is the responsibility of the government, not
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businessmen. In both interviews we were told that the companies were unable to provide
electricity locally because they had already signed Power Purchase Agreements with Nepal
Electricity Authority that mandated they sell their electricity to the state and transmit their
electricity to the national grid. Another developer echoed this sentiment,
Locals think good access road will come. But this is not the power company’s
responsibility. Roads are the responsibility of the government. For us, we just build the
road between the powerhouse and dam. (Interview, February 21, 2017)
We found road development and rural electrification was not a given with the
introduction of hydropower. For one, most of the hydropower development was occurring in
areas that already had paved roads and were connected to the existing energy grid. Secondly,
building roads and electrical infrastructure was an extra economic cost and burden for
developers, especially since government policies or regulations do not offer incentivizes to
promote rural electrification for project-affected communities.
3.4 Employment
Employment benefits from hydropower projects also varied by site and were felt more at
the individual or family level, rather than community-wide scale. Both hydropower mangers and
community members confirmed that all of the hydropower projects hired locals during the
construction phase. However, a common complaint from the community members was that
construction jobs were all unskilled labor positions that were temporary, lasting only for the
duration of construction. While some projects did not hire any locals post-construction (i.e.
Upper Marsyangdi A), many sites did. At Bijayapur-1, 21 of the 35 hydropower staff were local
and all in unskilled positions. Thirteen locals were employed by Modi and 10 of the 11 workers
at Ridi were locals. While many of these positions were unskilled, there were a few examples of
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locals gaining on-the-job training and becoming operators and public relations officers at Ridi
Lower Modi-1, and Modi. At Lower Modi-1 the community members we spoke to explained that
16 locals have employment at the hydropower project and that these jobs mean that the men do
not feel the need to go abroad to work. They make much less money than they would abroad but
being able to stay at home is a major benefit. We often found there was greater demand for jobs
than the hydropower projects could meet. When interviewing the project engineer at Lower
Modi-1 he explained that the locals regularly make demands to the company asking for both
money and jobs (Interview, May 17, 2017). Similarly, Daurandi employed 7 locals in unskilled
positions, but the community members we interviewed expressed that they too wanted jobs at the
hydropower project (Interviews, May 17-18, 2017). So although many of the projects did hire
locals post-construction, the number of positions were relatively low and low-paying. While this
employment benefited some families, the benefits of employment were not felt community-wide.
Documenting worker conditions was beyond the scope of this study, but in our interviews
we were told stories of injuries and even death. A recent landslide had trapped 17 men, two of
whom were allegedly killed, at one of the hydropower projects under construction in the Madi
River basin. These events echoed worker safety concerns raised by Baker (2014) and Kumar and
Katoch (2017) in the Indian Himalayas. Employment at some sites was used as a compensation
measure. After a tragic accident at Andhikhola, where four women drowned crossing the river
due to dam operations, the company offered the children of these families’ education and
employment. A list of the negative environmental and social complaints by project-affected
communities regarding hydropower across the 12 study sites is provided in Table 4.
3.5

Hydropower Developer-Community Relations
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While the results described above are not exhaustive, they emphasize the differentiated
nature of run-of-the-river hydropower impacts and the uneven development that can unfold, even
within one river basin in Nepal. Not coincidently, social relations between project-affected
communities and the hydropower developers also fell across a wide spectrum. Two-thirds of the
study sites exhibited deep conflicts between project-affected communities and the hydropower
projects.
The majority of the community members we spoke to at Daraundi A, Modi, Lower
Marsyangdi, Middle Marsyangdi, Lower Modi-1, Mardi, Upper Madi, and Upper Marsyangdi A
all expressed their frustrations with and resentment for their local hydropower project. We heard
stories of the farmers feeling cheated or betrayed often as a result of land sales. One farmer
lamented, “People feel cheated. Even though they got a good price for their land at the time, the
price has gone up two or three times” (Interview, May 16, 2017). At the Chinese-owned Upper
Madi a community member explained, “We see the money flowing to China and we regret
selling our land for such low prices” (Interview, May 18, 2017). At some sites (i.e. Middle
Marsyangdi, Daurandi, Upper Madi), community members felt the developers had promised
many benefits that were not fulfilled and had failed to explain the negative impacts they would
endure from the construction and development. As one resettled farmer from Middle Marsyangdi
explained, “We want to be a part of the development. Our situation should improve, not decline
when hydropower comes to our home” (Interview, February 20, 2017). Another farmer at Upper
Madi discussed their benefits in relation to other hydropower projects, “We feel no
benefits…especially compared to the project and villages upstream where they are getting a lot
of benefits” (Interview, May 18, 2017).
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Two projects, Seti and Bijayapur-1, had minimal conflicts with the project-affected
communities since construction ended. These two projects are just outside of Nepal’s second
largest city, Pokhara, and were designed and developed as part of the valley’s irrigation network.
The Seti project, which was initiated by China with Nepal’s government to supply year-round
irrigation to over 1,000 hectares of land. An official with the Ministry of Irrigation explained,
“This project is the lifeline for Pokhara Valley” (Interview, May 19, 2017). Bijayapur-1 was
built after Seti and designed to use water from the tailrace of the Seti project, not from the
Bijayapur river, and therefore does not negatively affect local water resources for irrigation. The
project-affected communities at these two sites were already connected to the grid and had paved
roads prior to the hydropower development.
Although there were conflicts at Bijayapur-1 during construction, the community
members and hydropower staff explained that they had sorted out these conflicts by providing a
variety of community benefits. The project manager at Bijayapur-1 said that initially, “people
demanded so much for no reason” and “it is a small project, it is so hard. Demands are the same
for small projects as they are for large projects” (Interview, May 19, 2017). Over time and
through many negotiations, the hydropower company agreed to provide funding for community
events and education scholarships, as well as provide local employment. The company also
compensated households for impacted land and homes. After a construction-related landslide
destroyed two homes, the company built two new homes for the impacted families (Interviews,
May 19, 2017). The community members we spoke to (May 17-18, 2017) expressed that they
felt the impacts were fairly compensated and felt the hydropower project was largely beneficial.
The project-affected communities and hydropower developer confirmed that the hydropower
company continues to finance two education scholarships annually as well as provide annual
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funds for community-wide festivals which helps to maintain good relations with the local
villagers.
The other two projects with minimal conflicts were Andhikhola and Ridi. Andhikhola
and Ridi demonstrated how hydropower projects can be designed, implemented, and managed to
benefit local communities’ needs by increasing water availability for irrigation, increasing
availability of electricity at an affordable (subsidized) rate, creating or improving roads, and
financing community projects (i.e. drinking water systems, school funding). In contrast to the
conflicts at many of the sites we visited, project-affected communities at both Andhikhola and
Ridi expressed deep gratitude for the benefits the hydropower projects offered. It is important to
note the ownership difference at these two sites when they were first developed. Andhikhola
began as a mission-based project that was developed by United Mission to Nepal (UMN) in 1991
to introduce both irrigation and electricity for farmers within the Syangja and Palpa Districts. It
wasn’t until 2003 that Butwal Power Company became the owner. In contrast, Ridi was initially
developed and continues to be owned by a Nepali independent power producer. Being a business
venture, Ridi hydropower is more representative of the majority of the hydropower projects in
our study area and the planned hydropower growth for the region.
Given the limited government policies and oversight over the development of
hydropower and implementation in these mountain river basins, negotiations between the
hydropower sector and project-affected communities emerged as a powerful tool that could
shape how run-of-the-river hydropower projects are implemented as well as the negative impacts
and beneficial outcomes that unfold in these mountain river basins.

3.6

Role of Hydropower Ownership
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While the size of the project, or the installed capacity, had no discernable correlation to
the social outcomes and corresponding conflicts, the ownership of the project did appear to
influence the potential for shared benefits. Albeit a relatively small sample, the two projects that
were started as aid projects (i.e. Andhikhola and Seti) focused on mitigating social and
ecological impacts, paid compensation for loss of land or crops and provided locally-desired
benefits to project-affected communities. Across the other projects—government-owned (Middle
Marsyangdi, Lower Marsyangdi, and Modi), Chinese-owned (Upper Madi and Upper
Marsyangdi A) and Nepali-owned (Bijayapur-1, Daraundi A, Lower Modi-1, Mardi, and Ridi)—
project-affected communities appeared to have the greatest negotiation potential with the Nepali
independent power producers. Projects developed by Nepal Electricity Authority or Chinese
companies, (Madi Power Pvt. Ltd. and Sinohydro-Sagarmatha Power Company Pvt. Ltd.),
followed the mitigation and compensation requirements stipulated during the construction phase
and rarely renegotiated or offered benefits post-construction. While NEA officials regularly
complained of long project delays from project-affected communities, causing projects to take up
to three times as long at some sites, they explained that they could afford to wait out the delays.
At one site, an NEA official explained that project-affected community expectations were
different for them, “NEA doesn’t get bothered as much as private developers because people
don’t expect much from the government” (Interview, May 16, 2017). At one of the Chineseowned projects, the community relations officer confided that he sometimes gave small
monetary gifts from his own pocket to the community because the company refused to answer
any community demands. In contrast, project-affected communities at all but one hydropower
project developed by Nepali independent power producers were receiving benefits postconstruction with several sites offering a variety of annual financial and in-kind community
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support. Protest and strikes were noted at all independently owned hydropower projects and we
found these project delays to be especially difficult for the Nepali independent power producers
who did not have the same capital backing to afford to defer production and loan payments. As
one private developer noted, “During construction, time is money” (Interview, February 21,
2017). This economic strain explained, in part, why these developers were more willing to work
with project-affected communities.
4.0

Role of Hydropower-Community Negotiations
Negotiations between the hydropower sector and project-affected communities in the

Gandaki River basin were highly site-specific. Here we highlight legal and policy structures and
lack thereof influencing development outcomes for project-affect affected communities and
examine sociopolitical relationships among hydropower companies and project-affected
communities to better understand how and why hydropower development ranged so drastically
across the study sites. We find important temporal dimensions that can influence power relations
shaping hydropower conflicts throughout the different phases of hydropower development: preconstruction, construction, and post-construction. While we recognize the importance of
individuals and social groups shaping hydropower opposition and negotiations, we do not go into
these details here.
4.1 Pre-Construction Negotiations
The Nepal Environment Protection Act and Nepal Environment Protection Rules 1997
form the basis of social and environmental protections in Nepal’s hydropower boom. For all
new projects greater than 1 MW, a public notice and consultation with the project-affected
communities is required (Nepal Environmental Protection Rules 1997). The public notice
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announcing the public consultation must be affixed within the project impacted area as well as
published in the national newspaper (ibid). However, many community members we spoke to
criticize the hydropower companies for what they felt was a lack of transparency. Many
community members from eight of the 12 study sites stated that they first learned about the
hydropower project when construction commenced indicating that there was little, if any, public
knowledge about the anticipated impacts let alone, unanticipated impacts from the hydropower
projects until they occurred. As one farmer stated, “We were excited, so excited to see the road.
We didn’t know the impacts and weren’t involved in any negotiations” (Interview, October 31,
2017) and another farmer said, “This was our first project. We didn’t know what to expect, or
what to ask for” (Interview, May 18, 2017). On the other hand, the hydropower developers and
project managers we spoke to communicated to us that they had indeed followed the legal
procedures but that did not mean the procedures were sufficient to alert everyone. We spoke to a
private developer, who had spent most of their career as a high-level official in the NEA office
and he explained his view of the problems associated with the public hearings:
The current mechanism to hold public hearing is insufficient. These are done remotely in
the villages. The companies provide snacks to have people attend so they can say they did
it, but the responsibility is on the people to know what they need and how to get it. The
regulatory responsibility can’t be put on the people, especially illiterate people who have
been bribed with food. If someone complains, will it be heard? (Interview, February 13,
2017)
The negotiation process for project-affected communities at Ridi stood apart from the
other hydropower projects. The following negotiation details are based on our interviews with
project-affected community members during site visits (February and October 2017), as well as
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interviews with the hydropower developer and project manager on-site. The developer published
the official notice in the district office and the local ward leader shared this news with the
project-affected villages. The villagers explained that their response indicated the company could
not do anything to their land unless the company came and talked to them first. The community
members explained that the hydropower developer and the board members came to the villages,
and going door-to-door, met with all of the households to discuss how the project would affect
them. The developer shared that he spent three years in the village working to build trust, he
explained, “it was important for the project to succeed that people trusted us”. It is important to
note that during this time Nepal was engaged in a civil war marked by political instability.
Maoists strongholds in rural mountain communities were gaining political traction through
guerilla-type tactics and were known to attack government infrastructure including hydropower.
At Ridi, the negotiation processes went “on and on” because the villagers kept “questing
and demanding more” (Interviews, October 9 and 10, 2017). When we asked the community
members why they were making their demands, we were told that several community members
had worked at the nearby Kali Gandaki hydropower project and knew “many things about
hydropower” and wanted to be sure “they weren’t cheated” (Interview, October 9, 2017). The
farmers were particularly concerned about their irrigation water. According to the villagers, the
developer promised, “we will never make your irrigated land unirrigated, even if we have to
produce less electricity, we will not affect your irrigation water” (Interview, October 9, 2017).
When we asked the developer why he agreed to supply water to the farmers, even if the
hydropower plant wasn’t operating, he said, “the water was their right, they [the farmers] were
using water for irrigation” (Aril 17, 2017). While irrigation water does have legal preference
over water for hydropower needs according to the National Water Plan 2005, government
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policies are not always implemented by developers in practice and it can be difficult to enforce in
the federal courts (Shrestha 2017) so this was a surprising finding.
After about a year of negotiations, the hydropower company and the local communities
negotiated terms in which both parties considered a ‘win-win’. According to the agreement,
availability of water for irrigation was ensured year-round, even during the dry months and even
if the hydropower plant was not operational. Additionally, the company agreed to provide: equity
shares in the company, improve irrigation canals with concrete lining, construct a concrete check
dam in the impacted reach to supply irrigation water to farmland further downstream, contribute
to annual maintenance costs of irrigation canals, offer subsidized electricity, and build a new
water supply for the villages. In return, the community agreed to fully cooperate with the
company and not interrupt construction or operations. From our interviews, both the community
members we spoke to as well as the developer felt that both parties had upheld the conditions.
Unlike many of the sites we visited, project-affected community members at Ridi
expressed how grateful they were the for the hydropower project and how much time and labor
savings the irrigation water offered. Not only for the reliable source of water from the dam, but
also the concrete check dam and the concrete lined canals which greatly reduced maintenance
needs. Moreover, electricity was considered hugely beneficial and the community valued the
funding provided for education. When we asked community members about conflicts, the only
conflicts that were discussed were those during the negotiations. One farmer expressed his
feeling that the hydropower project had “no negative impacts”. When we pressed further, asking
specifically about the construction period when conflict is typically greatest, we were told, “the
company compensated farmers for any damaged land. During construction festivals were held
because we were glad for the development” (February 4, 2017). When we met with the
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hydropower developer, we shared how unique this project was in our study sample regarding
both the community benefits and community relations. We explained that we were curious to
understand why project impacts and community relations were so positive here. In addition to
sharing details above about the negotiation process, the developer also shared that he was from a
nearby village and that he wanted “to promote peace and equity…if we can we should”
(Interview, April 17, 2017). Although the Maoist political party was never mentioned directly,
the developer emphasized the importance of community buy-in for this project to succeed, likely
in part, due to political concerns. The developer’s personal connection to this region was also
noted along with their personal philosophy that hydropower projects should benefit the
communities they disrupt. This sentiment, that hydropower developers have a ‘duty’ to benefit
local communities was shared by other hydropower developers and government officials that we
spoke to.

4.2

Construction Negotiations

Given the scale of hydropower projects, the construction phase introduces many negative
impacts locally. To help mitigate these impacts and compensate local communities both the IEE
and EIA lay out mitigation and compensation measures for social and environmental impacts.
All of the developers we interviewed expressed their frustrations with the “excessive” demands
that project-affected communities made and continue to make post-construction. Hydropower
developers explained that the mitigation and social services they provide for local communities
(i.e. building roads, lending equipment, and financially supporting schools, community groups or
health posts) goes well beyond the scope of the private sector’s roles and responsibilities and that
they spend more than the required two percent of project costs. As one site manger stated,
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“Hydropower developers are seen as saviors because they will do road, school, and health
post…We are not here to build a road, we are here to build hydropower” (Interview, February
22, 2017). Some farmers acknowledged the burden placed on hydropower developers to provide
social services in these mountain communities, “We feel bad for the developers, they need water
in the dry season too” but also felt they needed to take advantage of their moment, stating, “this
is our chance to develop” (Interview, October 31, 2017).
Members from both project-affected communities and the hydropower sector agreed that
the construction phase is when hydropower conflicts are greatest. As one engineer explained,
“There was always conflict during construction. Protests and strikes stopped all work for two or
three months. There were threats from the Maoists party too but that got better after the first
year” (Interview, May 17, 2017). At Mardi, we were told, “during construction the biggest issue
was social” (Interview, May 16, 2017). During this time there were violent demonstrations and
protests that halted construction on the project for over two years (October 30, 2017).
Multiple strategies are used by project-affected communities to halt or delay hydropower.
Worker strikes and community-led protests were prevalent across the majority of the study sites
during construction. These opposition strategies were used when seeking compensation for
negative impacts brought on from construction as well as when seeking community benefits
from the development. One farmer at Upper Madi led a multi-day protest until she was able to
negotiate financial compensation for the damage caused to her home and her neighbors’ homes
from dynamite blasting (Interview May 18, 2017). At Lower Modi-1 there were five strikes that
in total stopped construction for over 2 months. From these on-going strikes and negotiations, the
village reached what they considered to be a fair exchange that included an improved road, water
supply for the impacted village, employment for 16 locals, and funding for schools and
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community development projects (Interviews, May 17, 2017). At Mardi Hydropower, there were
multiple protests that escalated into violence and death threats to the hydropower staff. After one
of the hydropower company jeeps was set on fire, a small committee of villagers were invited to
Pokhara for negotiations with the developer. Several farmers just downstream of the dam,
including the local leader, negotiated to have access to irrigation water from the penstock
(Interview, October 30, 2017). However, this was a site where not everyone benefited from the
negations. Many of the farmers we interviewed at Mardi did not have any change in water
resources and believed those on the concern committee had all received monetary compensation
from the developer. Stories of uneven distribution of benefits within the project-affected
communities was attributed with further spurring intra-village conflicts at Mardi, Upper Madi,
and Upper Marsyangdi A. One farmer lamented, “our village is divided. Some support the
hydropower, and some do not. Some get benefits and some do not. Our unity is disrupted,
fractured” (Interview, October 31, 2017).
Social opposition places pressure on developers because protests and strikes can cause
project delays that run up costs. Hydropower already has high upfront costs given the extensive
construction needed to dam and divert rivers, particularly in mountain environments. Community
protests and strikes during the construction phase can put acute pressure on developers by
causing project delays. In a monsoon-dominated climate, where over 80 percent of the rainfall
comes during a few months of the year (Panthi et al. 2015) most construction activities need to
be completed during the dry winter months. During the monsoon, floods and landslides can wipe
out hydropower infrastructure if it is not complete or well designed for such natural hazards. As
a result, project delays can increase financial costs as well risk for hydropower developers. These
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temporal points did not appear to go unnoticed by project-affected communities who openly
spoke of their strategies to oppose hydropower.
4.3

Post-Construction Negotiations

Post-construction, there were no reports of strikes or protests, but project-affected
complaints and requests were still common. Concerned about flooding, famers at Lower Modi-1
made regular complaints about the water levels behind the dam and requests for a new gabion
wall. Since the project was initiated in 2012, water levels behind the dam had risen and the
gabion wall that was constructed to protect their village was now under water (Interview, May
17, 2017). At Lower Marsyangdi, the project-affected communities fought for over 10 years
without receiving any compensation post-construction and have since resigned from contesting
the hydropower project (February 23, 2017). Despite some successful negotiations between
hydropower developers and project-affected communities, long-established divisions between
the local communities and hydropower developers were evident at six of the study sites raising
concerns for the future of Nepal’s hydropower growth.
5.0 Nepal’s Hydropower Development Trajectory
Across most of the study sites, project-affected communities expressed a strong disdain
for hydropower. Given the current trends, communities are realizing that the introduction of
hydropower does not necessarily equate to roads, electricity, jobs, and overall economic growth
and prosperity, and instead, often brings many unanticipated and lasting negative environmental
and social impacts (see Table 4). If the hydropower sector continues to overlook project-affected
community needs and fails to support local community benefits, this new wave of hydropower
development could continue to further escalate tensions and deepen divisions between rural
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communities and hydropower development.

5.1

Knowledge Sharing and Power Struggles

In comparing interview transcripts regarding conflict between hydropower developers
and project-affected communities, two patterns of knowledge sharing emerged. Hydropower
developers shared their effective strategies to address the increasing ‘social problem’ of worker
strikes and protests by project-affected communities who were increasingly disrupting and
delaying hydropower development. Meanwhile, project-affected communities shared how their
knowledge of projects and opposition strategies were also changing. It appeared that knowledge
politics for hydropower conflicts were being shared among project-affected communities and
among hydropower developers with limited communication pathways between these two
stakeholder groups.
With many new hydropower projects being developed adjacent or in close proximity to
existing projects, project-affected communities explained how they are now better informed and
aware of the potential for negative impacts to their land and water resources and that they share
this with others. Knowledge of the possible social benefits from run-of-the-river hydropower
development projects are also spreading including stories of project-affected communities
receiving schools, health posts, roads, bridges, and community funding as well as domestic and
irrigation water and subsidized electricity, although not necessarily all from one project. Projectaffected community tactics to obtain these benefits, particularly the importance of holding on to
land as a negotiation tool appeared to be spreading throughout these river basins. Although there
were still many farmers we spoke to who felt powerless against the hydropower companies. One
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farmer told us “we have no influence, we don’t know what to say, how to say it” When we do
try, nothing happens. What can we do?” (Interview, February 21, 2017).
Meanwhile, developers also appeared to be comparing and sharing their experiences as
project-affected communities become increasingly more effective at negotiating. The
Independent Power Producers’ Association, Nepal (IPPAN) appeared to be an effective platform
for knowledge sharing with many developers sharing similar tactics and stories. In our
interviews, hydropower developers explained how they “use pressure of money” (Interview,
February 16, 2017) to influence project-affected communities and regularly complained that
there is “no legal mechanism to solve the social problem” (Interview, February 13, 2017). To
avoid the high costs of purchasing land, a hydropower developer explained, “It is important to
get land first. Some companies buy land ten years in advance. They don’t say why they are
buying this land and then it is much cheaper” (Interview, February 22, 2017). And to avoid
relinquishing too much power to local communities, the hydropower developer said he won’t
hire more than 50 percent of his workforce from local communities in fear of a worker strike.
With knowledge flows arming each side with new strategies and tactics, the observed
trajectory of conflict in these mountain river basins is alarming, especially given the projected
growth of Nepal’s hydropower sector and the unequal distribution of power that these
stakeholders hold. While we found a path of escalating tensions and confrontations, our study
shows that there are exceptions. Hydropower projects such as Ridi exemplify how run-of-theriver hydropower, even independent power produced hydropower, can be designed,
implemented, and managed to work for, not against, local communities while also meeting
business interests focused on generating electricity and profits.
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5.2 Temporal Dynamics Shaping Negotiations
Examining hydropower development trends across the 12 study sites revealed important
temporal dimensions that could influence power struggles in Nepal’s mountain river basins.
The timing of negotiations as well as hydropower opposition were both found to influence the
how hydropower projects were articulated in mountain river basins as well as helped explain
some of the uneven development across the study sites. Not only is there a need to assess specific
community impacts and specific community needs given the site-specific nature of hydropower
projects, but we also found that having these dialogues early on in the planning process and prior
to the hydropower design could make it easier for developers to incorporate community needs.
This finding was particularly true across our study sites regarding irrigation water and rural
electrification.
Based on our study, only when developers met with the project-affected communities
early on and integrated local community needs such as water and electricity into the design of the
hydropower project (i.e. Andhikhola, Mardi, Ridi, and Seti) was it deemed feasible for the
developers to provide these services. None of the communities in our study sample were able to
successfully negotiate for electricity or water resources post-construction, despite the use of
community-wide protests and strikes. Post-construction any changes to the hydropower design or
power purchase agreement was deemed “impossible” due to financial constraints. However,
when developers integrated irrigation water and rural electrification infrastructure into the design
the associated infrastructure could be built during construction and the power purchase
agreements could be adjusted to account for local water and electricity needs. Supplying
irrigation water and subsidized electricity to project-affected communities comes at a cost to
hydropower developers. Hydropower companies must forego revenue by providing these
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services. However, at Andhikhola, Bijayapur-1, and Ridi, the developers recognized the longterm benefits for their company, including monetary savings, by investing in building amicable
relationships with project-affected communities and avoiding costly project delays from strikes
and protests.
Planning for and designing run-of-the-river hydropower to increase the availability of
water resources and electricity was found to have profound benefits for local communities who
did not previously have irrigation water or electricity. Farmers who had access to year-round
irrigation water had diversified their crops and incomes. This can be seen as a ‘double win’ for
these farmers given the impacts from both climate change and globalization. By growing
vegetables and farming trout these farmers experienced major time and labor savings. The
introduction of electricity further saved time and labor and supported economic growth and wellbeing for project-affected communities.
Largely forgoing local community development needs, Nepal’s hydropower boom is
missing an opportunity to support the country’s sustainable development targets and goals at the
project-level. Finding ways to provide more local benefits from run-of-the-river hydropower
could greatly support some of the most vulnerable populations to climate change in Nepal. Small
rural farmers are particularly vulnerable to climate change and as we found, communities in
these mountain river basins are already facing water shortages from a changing climate. This
comparative study reveals the possibility for a more sustainable future of renewable, run-of-theriver hydropower in Nepal.
6.0 Guiding Run-of-the-River Hydropower Along A More Sustainable Trajectory
Run-off-the-river was a common, and arguably more precise term, used to describe the
high-head diversion run-of-the-river hydropower projects during fieldwork. Framings of run-of-
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the-river hydropower as a socially and environmental benign intervention in river basins fails to
capture the diverse impacts—often concerning social and environmental impacts—associated
with run-of-the-river hydropower in mountain river basins. While academic studies have pointed
out some of these discrepancies (see Table 1), results from our 12 study sites underscore how
drastically run-of-the-river hydropower projects can reduce streamflow and affect water
availability by diverting most, if not all, of the streamflow in the dry season.
In accordance with other studies pointing out the site-specific nature of hydropower
impacts (Kelly-Richards et al. 2017), our 12 study sites also exemplify how drastically different
social impacts of run-of-the-river hydropower project can be on mountain communities, even
within one river basin in the Western Development Region of Nepal. The site-specific nature of
run-of-the-river hydropower demands place-based research to capture the complex relationships
shaping hydropower development as well as well as the social and environmental outcomes in
mountain river basins. Moreover, understanding the spatial and temporal components shaping
supply and demand of both water and energy resources was instrumental to understand
differentiated community needs as well as the short-term and long-term differentiated social and
environmental impacts in these river basins.
Aligning and therefore re-politicizing national as well as international discourses to
reflect the realities of run-of-the-river hydropower development on-the-ground—that these
projects are not inherently socially and environmental benign and in fact can and do greatly
influence mountain environments and communities in different ways—would help to
acknowledge the multi-faceted nature of hydropower impacts. Better understanding community
needs as well as articulating negative social and ecological impacts and possible unintended
consequences to project-affected communities could create a space for more honest discussions
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regarding more equitable measures for local-level mitigation and compensation in the short- and
long-term.
Unlike the community participation processes delineated by the World Commission on
Dams (2000) to promote more equitable and sustainability hydropower development, consulting
with communities to co-design hydropower projects that support rural development was not the
norm in Nepal. While there were exceptions (i.e. Ridi), project-affected communities often
turned to protests and strikes for compensation and local-level benefits. Community opposition
to hydropower and the negotiations that resulted could be a powerful tool shaping how Nepal’s
hydropower projects were implemented, particularly if the negotiations occurred early on in the
planning and construction phases (i.e. Ridi). However, even still, community opposition could be
disregarded or ignored further deepening the uneven distribution of costs and benefits of
hydropower. Similar to other development studies (Robins 1998, Huber and Joshi 2015), projectaffected communities in Nepal’s hydropower boom are not opposed to ‘modernization’ through
hydropower per se, but instead resist the social, cultural, economic, political, and ecological
impacts from this development. In Nepal, and mountain regions globally, there is a real need to
improve how hydropower projects are implemented—the process and steps, including the
timing, taken to mitigate impacts, compensate communities, and provide locally-desired benefits
to support local-level sustainable development of run-of-the-river hydropower.
With climate change affecting water supply and changing demographics affecting
agricultural practices in Nepal, reliable electricity and water are increasingly important for
farmers in these mountain river basins. Supporting more sustainable transitions to run-of-theriver hydropower in mountain river basins could greatly improve economic development for
project-affected communities as well as community relations with the hydropower sector. Our
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findings from Ridi highlight the possibility for mutually-beneficial outcomes for both projectaffected communities and hydropower companies when community needs (as defined by the
community at large) are provided for throughout the length of the project. Finding ways to
ensure tangible benefits for project-affected communities such as water and electricity can help
Nepal achieve sustainable development goals through hydropower development at the local level
in addition to the national level and help address run-of-the-river hydropower’s sustainability
paradox.
Not only does large hydropower development continue to be contentious (Huber and
Joshi 2015), but so do run-of-the-river hydropower projects regardless of size. This comparative
research highlights how run-of-the-river hydropower projects can create a wide range of social
and environmental impacts that cannot be assumed. With ‘best practices’ left to voluntary
(in)action, there is the potential for rural communities to be further marginalized. With the new
boom in run-of-the-river hydropower in mountain river basins this is the need to (re)politicize
hydropower development. This boom appears to be on a trajectory that parallels the story of
large dams regarding the uneven distribution of social and environmental impacts and unequal
power relations in some of the most ecologically sensitive environments and affecting some of
the most vulnerable populations to global change. The political nature of all hydropower
development—who benefits and at whose and what cost—demands policy attention. From the
lived experiences of project-affected communities to power relations shaping project outcomes,
the processes driving hydropower development, and the rules, regulations, and policies that
shape this development, there is much work to be done to ensure the expansion of renewable
energy technology supports sustainable development goals across multiple scales.
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Tables
Article Citation

Study Area

Baker (2014)

Himachal
Pradesh,
India

In studying 49 operational run-of-the-river hydropower projects in Himachal
Pradesh there were many documented social and environmental concerns
including negative impacts on water supply for irrigation, water mills and
fisheries, damage from landslides, poor labor conditions and uncompensated
worker deaths.

Baruah (2012)

Indian
Himalayas

Run-of-the-river projects are being designed and developed with the sole focus
of energy generation instead of multi-purpose dams. In the Indian Himalayas
the distribution of benefits and negative impacts of hydropower as well as the
vulnerability to risks are distributed unevenly, with a disproportionate burden on
the rural poor who are depended on streamflows for their livelihoods.

Kumar and
Katoch (2017)

Indian
Himalayas

This article labels run-of-the-river hydropower projects "Dam Devils" due to the
public safety risks that exist with current hydropower construction in the Indian
Himalayas. Many of these ROR projects have led to loss of life (i.e. flash floods,
landslides, earthquakes, poor or illegal constructions practices).

Sharma and
Thakur (2017)

Jammu and
Kashmir,
India

This study details social and environmental impacts during construction and
post-construction from one 48 MW run-of-the-river hydropower project.
Negative impacts include environmental degradation, decline in water quality
and availability, loss of agricultural lands and the displacement of 40 families.

Premalatha et al.
(2014)

Global Scale

The ecological and hydrological impacts are not dependent on the installed
capacity or size of the hydropower projects.

Ptak (2019)

Yunnan,
China

A study of run-of-the-river hydropower projects in Yunnan, China found that
these hydropower projects often do not reach their stated goals of rural
electrification and development and instead further marginalize rural
communities affected by hydropower.

Buechler et al.
(2016)

Uttarakhand,
India

A study of three run-of-the-river projects found hydropower activities contributed
to land destabilization, adverse water quality, decline in water availability in both
the streams and springs, deforestation, and declines in fish populations.

Karnataka,
India

A study of four run-of-the-river hydropower projects in Karnataka, India found
minimal government oversight, almost no public participation and high levels of
conflict with project-affected communities. The documented socio-economic
impacts stated that there were limited employment opportunities, a decrease in
river access, minimal infrastructure benefits, and adverse impacts on fish for
the majority of study participants.

Jumani et al.
(2016)

Main Finding(s)

Table 1: Summary of studies documenting negative social and environmental impacts of
run-of-the-river hydropower projects on project-affected communities.

124

Size
(Installed Capacity MW)
Run-of-the-River
Hydropower Project

1-5 MW

Andhikhola
Bijayapur-1

5-25 MW

25-100
MW

Length of Operation
(Since 2017)

Ownership
Government Owned

9.4
4.5

Privately Owned

> 15 years in
Operation

Butwal Power Company

1991
2012
2017

Daraundi A

6

Daraundi Kalika Hydro

10

United Modi Hydropower Pvt. Ltd.

Mardi

69
14.8

Ridi

2.4

Seti

1.5

2010

Nepal Electricity Authority

1989

Nepal Electricity Authority

2000
Ridi Hydropower Development Co.
Pvt. Ltd.

Nepal Electricity Authority

2009
1985

2

Madi Power Pvt. Ltd.
(Chinese Company)
Sinohydro-Sagarmatha Power
Company Pvt. Ltd
(Chinese Company)
Chhyandi Hydropower Co. Pvt. Ltd

Khudi Khola

4

Khudi Hydropower Ltd.

Radhi Small

4.4

Radhi Bidyut Co. Ltd.

2014

Nyadi Group Pvt. Ltd.

2012

Upper Madi

25

Upper Marsyangdi
A
Chhandi Khola

50

Siuri1
Tatopani

5
1

2

Upper Hugdi
1

2008
Gandaki Hydropower Development
Co. Pvd. Ltd.

Lower Marsyangdi
Modi

2012

Nepal Electricity Authority

4.8

< 5 Years in
Operation

Bhagawati Hydropower
Development Company

Lower Modi-11
Middle Marsyangdi

70

5-15 Years in
Operation

Nepal Electricity Authority
5

2017
2016
2015
2006

1997
Ruru Jalbidyut Pariyojana Pvt. Ltd.

2015

No irrigation in impacted stretch

Table 2: Selected 12 study sites (in bold) chosen as a representative subset of the total 18 operational hydropower projects
ranging from 1 – 100 MW in the Gandaki River basin in Western Development Region of Nepal.
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Stakeholder Group

Sample
Size

Thematic Areas of Semi-Structured Interviews

N = 14

· Changes in Hydropower Development
· Changes in Water & Energy Policies
· Benefits of Hydropower Projects
· Negative Impacts of Hydropower Projects

N = 48
(an
additional
36 farmers
were
present but
did not
speak)

· Changes in Water Availability
· Changes in Food Production
· Changes in Farming Practices
· Changes in Energy Use/Supply
· History of Hydropower Project & Negotiations
· Benefits of Hydropower Projects
· Negative Impacts of Hydropower Projects

N = 24

· Changes in Water Availability
· Changes in Energy Production
· History of Hydropower Project
· History of Community Negotiations & Relations
· Benefits of Hydropower Projects
· Negative Impacts of Hydropower Projects

National water & energy academic
experts
National-level policy & decision
makers
(i.e. National Electricity Authority,
Ministry of the Environment, Ministry
of Energy, Water and Energy
Commission Secretariat, Ministry of
Irrigation; Independent Power
Producers’ Association of Nepal)

Community leaders, farmers &
water managers

Hydropower developers
Hydropower staff
(Project managers & operators)

Table 3: Semi-Structured Interview Data Collection by Stakeholder Group
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Short-Term Impacts
(During Construction)
Negative Environmental Impacts
Reduced river connectivity
Decline in fish populations
Waste material or 'muck' dumping
Reduced water quality
Air pollution
Noise Pollution
Decline in local springs from tunnel blasting

Long-Term Impacts
(Lasting PostConstruction)
X
X

X
X
X
X

X

X

Negative Social Impacts
Reduced water availability for irrigation,
livestock, and household use
Conflict with hydropower sector
Earthquake like tremors from dynamite blasting
Damage to homes from blasting (i.e. cracks in
foundation or complete collapse)
Damage to agricultural land from waste material
dumping
Insomnia from noise pollution at night
Fear and stress of death or injury from blasting
lack of water for cremation, festivals
century old cremation points dislocated
No more fishing
Local warming without the river
More forest theft without the river as boarder
Increased flood risk
Increased landslide risk

X
X
X
X
X
X
X
X
X
X
X
X
X
X

Table 4: List of negative environmental and social impacts described by project-affected
communities from all 12 run-of-the-river hydropower study sites.
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(A)

(B)

Figure 1. Schematic of introduction of high-head diversion run-of-the-river hydroelectric
power. (A) Prior to hydropower development and (B) post-hydropower development.
Adapted from Kelly-Richards et al. (2017).
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Figure 2: (A) Operational Hydropower Development by Development Region in Nepal
(2016) and (B) 12 Representative Study Sites (Dam and Powerhouse) of the 18 Operational
Projects (1-100 MW) in the Gandaki River Basin of the Western Development Region of
Nepal.

Figure 3. Photo of dewatered reach between the diversion dam and
powerhouse at the Middle Marsyangdi Hydropower Project.
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Figure 4. A photo of water flowing from Andhikhola’s sedimentation pond into an
irrigation canal for local farmers’ use.
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Appendix B: A critical examination of both enduring and emerging challenges in Nepal’s
hydropower boom
Authors: Arica Crootof and Rashmi Shrestha
To be submitted to Energy Research and Social Science
ABSTRACT
Despite a controversial history, hydropower is expanding in many mountain regions globally.
Much of this new growth utilizes run-of-the-river hydropower designs which dam and divert
rivers. Despite growing social contestation to run-of-the-river hydropower and documented
social and ecological impacts, Nepal and many other countries are promoting hydropower to
increase energy supply and spur economic growth. Given the complexity of hydropower, there is
a need to critically examine this growth. Using Nepal as a case study, this research examines the
expansion of Nepal’s hydropower sector through an energy systems lens. We conducted a basinlevel study of the physical, social, technical, regulatory and political dimensions shaping run-ofthe-river hydropower development using in-depth field visits and semi-structured interviews.
While we found unprecedented growth in Nepal’s hydropower sector resulting from private
investment, we also found major challenges facing the hydropower sector regarding water
availability (flow and timing) for energy generation and infrastructure for energy transmission.
Furthermore, hydropower conflicts were prevalent especially given the rapid, concentrated
uneven growth of development. Our energy system approach signals that Nepal’s hydropower
boom may be one of installed capacity more so than of electricity generation, distribution and
rural development. Given these findings, the trajectory of Nepal’s hydropower growth—and runof-the-river hydropower growth globally—may not lead to the energy supply and economic
benefits claimed by hydropower proponents. Instead, the boom in run-of-the-river hydropower
may perpetuate and intensify existing energy shortages and social inequity embedded within the
larger energy system.
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1.0 Introduction
1.1. Global Hydropower Development
Hydropower has proven to be a prominent and enduring renewable energy source. Even
with the significant expansion of wind, solar, and other renewable energy sources, hydropower
continues to make up the majority (approximately 70 percent) of the installed capacity of
renewable electricity worldwide (World Energy Council 2019). Despite a controversial history
(see World Commission on Dams 2000), hydropower continues to be a booming business and is
expected to maintain its dominant share of the renewable energy market moving forward (Jiang
et al. 2016). Global statistics support this claim. In 2018, 21.8 GW of installed capacity
(excluding pumped storage) was added worldwide. A record 4,200 terawatt hours (TWh) in
electricity was generated by hydropower in 2018 which is equated with avoiding approximately
4 billon metric tons of greenhouse gasses from fossil fuel sources (International Hydropower
Association 2019). Some of the fastest growth rates in terms of additional installed capacity in
2018 were China (8.54 GW), Brazil (3.87), Pakistan (2.49 GW), Turkey (1.09 GW), Angola
(0.67 GW), Tajikistan (0.61), and Ecuador (0.56 GW) (ibid). Even in Europe, where potential is
relatively low, there has been a renewed interest in developing hydropower (Manzano-Agugliaro
et al. 2018).
In terms of number of hydropower project, much of the new growth globally is occurring
in mountain regions as high-head diversion run-of-the-river hydropower projects (Zarfl et al.
2014). These run-of-the-river hydropower system designs, by definition, have little or no storage
(Egré and Milewski 2002). Instead, of damming rivers to store water and create the desired
height gradient or hydraulic head necessary to generate electricity, they dam rivers to divert
streamflow from the main channel (typically several km) to obtain the desired hydrologic head
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(elevational gradient). The water then flows down a penstock to a powerhouse to generate
electricity. After spinning the turbines, the water is usually then returned to the natural channel
(Figure 1).
Despite the continued growth of hydropower globally, longstanding social and
environmental challenges remain. Dams fundamentally change river systems and in turn can
affect the communities who live in these river basins and utilize the basin’s natural resources
(World Commission on Dams 2000). These impacts can be particularly acute in mountain
regions. Mountain regions are known for their freshwater resources (Viviroli et al. 2007),
biodiversity (Spehn and Kömer 2005), and ecological sensitivity (Foggin 2016). Mountain
regions are also home to an estimated 915 million people (Sharma et al. 2019). Many traditional
mountain communities have adapted agricultural and land-based livelihoods that coincide with
the natural environment (Ramakrishnan 2005). In remote areas, mountain communities are often
found to be particularly vulnerable to impacts of global change including climate change and
globalization (Huber et al. 2005).
Although run-of-the-river hydropower projects can support global or national-level
energy transitions towards low-carbon, renewable energy sources, these hydropower projects can
also negatively impact the people who live in these river basins and depend on these rivers for
their livelihoods. The development of hydropower in mountain communities raises concerns
about further exacerbating social and economic inequalities in these highland communities
(Jodha 2005). These concerns appear well founded based on recent studies documenting the
many unaccounted for and uncompensated impacts of run-of-the-river hydropower on local,
project-affected communities (see Kelly 2019, Ptak 2019, Kumar and Katoch 2017). Escalating
tensions and in some case violent conflicts suggests a growing opposition to this development,
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particularly when the social benefits of these hydropower projects (i.e. subsidized electricity) are
not experienced locally (see Kelly 2019, Duarte-Abadía et al. 2015, Baruah 2012).
Regardless of the growing opposition or concerns raised regarding run-of-the-river
hydropower, Nepal and other countries are promoting hydropower to increase energy supply and
spur economic growth. With the expansion of run-of-the-river hydropower development in Nepal
and other mountain regions, there is a need to critically assess this growth. Much of the academic
literature on run-of-the-river hydropower examines local impacts (i.e. Jumani et al. 2016) or
examines the technical potential that could be developed (i.e. Zaidi et al. 2018). Using Nepal as a
case study, this research fulfills a gap in the literature by critically examining the boom in run-ofthe-river hydropower as part of a much larger energy and sociopolitical system.

1.2. Hydropower Development in Nepal
Hydroelectric power has a long history in Nepal. Commissioned in 1911, Pharping
Hydropower Plant (500 kW) is one of the oldest in Asia. In 1966, Dr. Hari Man Shrestha
identified more than 83,000 MW of hydroelectric potential in Nepal, a number many Nepalis can
recite. Since then, the hydropower potential deemed financially and technically feasible has been
estimated at about 42,000 MW (Government of Nepal Ministry of Water Resources 2001). One
reason for the great overestimation, is that Dr. Shrestha’s calculation assumed hydropower
projects could operate at optimal efficiency throughout the majority of the year. With a
monsoon-dominated climate, Dr. Shrestha’s numbers glossed over drastic seasonal changes in
Nepal’s streamflow and the difficulties of constructing and operating hydropower in the
geologically young and unstable Himalayan mountains. Nepal has a monsoon-dominated
climate. Approximately 80 percent of Nepal’s annual precipitation falls from June to September
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(Panthi et al. 2015). As a result, river baseflows in the dry winter months can be less than 10
percent of their summer peak flows (Jeuland et al. 2013). For run-of-the-river hydropower
projects that have little or no storage, drastic seasonal changes in streamflow equate to drastic
seasonal changes in energy generation. In 2015, Nepal had an installed capacity of 753 MW
from run-of-the-river hydropower and yet, only generated 3,635 GWh of electricity meaning
these power plants were operating at 55 percent of their optimum capacity for the year
(International Hydropower Association 2019).
Estimates of hydroelectric power potential in Nepal have also historically failed to
consider the social and political feasibility of developing hydropower in the mountains of Nepal.
Notably, hydropower was solely in the public sector up until 1991 when the country transitioned
from an absolute to a constitutional monarchy. While democracy was first implemented in 1951,
the parliamentary democracy was overthrown by King Mahendra in 1960, one year after the first
general election. King Mahendra then instituted the “partyless panchayat” system in 1962
(Khadka 1993). The panchayat system led to an authoritative government that concentrated
power in the monarchy and forbade political parties (von Einsiedel et al. 2012). When King
Birendra took the thrown in 1972, he continued to uphold the panchayat system (ibid). Growing
opposition to this authoritarian rule led to a series of political conflicts in the late 1900s. In 1990
the First People’s Movement was officially created and under increasing opposition pressure,
King Birendra dissolved the panchayat system and set a path for Nepal to transition to a
constitutional monarch (von Einsiedel et al. 2012). Only after this transition (1991), was the
hydropower sector opened to private investment. However, a legacy of the monarchy-imposed
panchayat system had stagnated economic growth and contributed to wide-spread poverty,
particularly in the hills and mountains of Nepal (Khadka 1991). The finance minister in the
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interim government of 1990, Devendra Raj Panday, is quoted as describing how the panchayat
system had “not only deprived people of fundamental rights, but the period also saw various
distortions, disparities, and anomalies in the national economy, thus placing Nepal among the
world’s poorest nations” (Khadka 1991, p710). So when Nepal sought private investments in
hydropower, the new government looked beyond its borders with the hope of attracting foreign
investment. In 1992 the government rolled out several policies designed to attract private
investment including the Hydropower Development Policy 1992, Water Resources Act 1992,
Electricity Act 1992 and Foreign Investment and One Window Policy 1992 (Table 1).
Despite Nepal’s long history of having hydropower, a large potential to develop
hydropower, and hydropower policies designed to attract private investment, hydropower
development continued to be limited throughout the 1990s. One major challenge facing the
hydropower sector was the escalating political conflicts. Maoist insurgents were gaining traction
in rural mountain communities where endemic poverty and structural inequality was widespread
(von Einsiedel et al. 2012). In efforts to gain political representation the Maoist political party
led a liberation movement against a “feudal Monarchy” (Gobyn, 2008) that escalated into a
decade-long civil war (1996-2006). During the war, Maoists specifically targeted infrastructure
including hydroelectric power plants (Marks 2017). These ongoing political struggles and the
violence that followed kept private investment in hydropower at bay for many years to come
(Sovacool et al. 2011, Sharma and Awal 2013). In addition to the political conflicts, hydropower
development in Nepal at this time was known for being expensive for a plurality of reasons
including a heavy reliance on bilateral and multilateral financing, expensive foreign consultants
and contractors, a need to import building materials, and a need to build the associated electrical
infrastructure for generation, transmission, and generation (Adhikari 2006).
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As of 2015 nearly a quarter of Nepal’s population lacked access to electricity (SE4All,
2015) and was not evenly distributed across the country (Nepal and Jamasb 2012). Using
development indexes as units of measure, the mid-western hill/mountain region and the far
western hill/mountain region have long lagged behind the other regions of Nepal regarding
income, healthcare, education as well as infrastructure (Chhetry 2001). After the civil war ended
(2006) and Nepal became a federal republic (2008) the country adopted a constitutional
framework that largely maintained traditional power structures that continued to marginalize
rural mountain communities in Nepal (von Einsiedel et al. 2012). As of 2012, development
scholars found the deep inequalities that contributed to Nepal’s civil war were prevalent. Von
Einsidel et al. (2012, 363) explained, “In many respects, the situation today in Nepal continues to
resemble more that of an extended ceasefire than a dynamic peace process, mainly because of the
continued existence of two standing, formerly opposed, and still potentially contending armies.”
Development aid, which has long worked to help address the disparity in economic
development in Nepal has also been found to sustain traditional power structures (Von Eidsidel
et al. 2012). The patrimonial relationships which have been the foundation of Nepal’s political
sphere have been antithetical to inclusive governance (ibid) and have supported weak
governance that is also seen in Nepal’s electricity sector. The Nepal Electricity Authority (NEA)
was created in 1985 under the 1984 Electricity Authority Act to “generate, transmit and
distribute adequate, reliable and affordable power by planning, constructing, operating and
maintaining all generation, transmission, and distribution facilities in Nepal’s power system both
interconnected and isolated” (Nepal Electricity Authority 2019). Fulfilling this objective has not
been so straightforward. The NEA has become known as ‘one of the most dysfunctional
institutions in a country without a shortage of badly managed government offices” (Butler and
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Rest 2019). Political instability and corruption scandals have disrupted efforts to reform the NEA
leading to a “resource rich and policy poor” electricity sector (Nepal and Jamasb 2012). Lacking
a robust electrical infrastructure, grid expansion has been slow, there are significant bottlenecks
in energy transmission and distribution, and power theft is common (ibid).
Even in the urban areas where electrical infrastructure is concentrated (Nepal and Jamasb
2012), electricity can be unreliable. For nearly a decade (2008 to 2017), Nepal had daily 12-16
hour scheduled electricity blackouts (load shedding) that was attributed to high electricity
demand and limited supply (Shrestha 2011). This load shedding could have been much worse,
Nepal has one of the lowest rates of energy use per capita. In 2014, Nepal’s electric power usage
per capita was 146 kWh, less than 5% the world average (World Bank 2018). The majority
(approximately 70%) of the energy consumed in Nepal has and continues to be from firewood
(Government of Nepal Water Energy Commissions Secretariat 2017). Only about 3% of the
energy consumed in Nepal is from electricity, which is similar (3%) to the energy consumed
from animal waste (ibid).
With such a long history of profound energy shortages in Nepal, there has been a long
history of attempting to increase electricity supply, especially given that energy development is
considered a key to economic growth (Pasternak 2000) and increasingly, energy sovereignty.
Part of the growing narrative around hydropower promotes an ‘imagined hydropower future”
(Lord 2016), in which Nepal capitalizes on its vast hydroelectric potential to secure energy
sovereignty and become a regional hub selling low-carbon, renewable hydroelectric power that
affords Nepal economic prosperity. Electricity in Nepal comes from three main sources each
providing about a third of Nepal’s electricity: NEA owned and operated hydropower (~ 32.7%),
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independent power producers (~30.7%), and electricity imported from India (~36.6) (Nepal
Electricity Authority 2019).
Hydropower policies were again revised in the mid-2000s (see Table 1) to attract private
investors by reducing political and financial risks. However, even with these regulatory changes
designed to attract the private sector, growth continued to remain slow (Alam et al. 2017). Two
noteworthy reviews offer a multi-disciplinary assessment of the myriad of Nepal’s hydropower
sector challenges. Sovacool et al. (2011) reviews four categories of barriers for small (1 – 10
MW) and medium (10 – 100 MW) sized projects (a) technical and environmental; (b) economic
and financial barriers; (c) political and regulatory barriers, and (d) social and cultural barriers.
The authors find the economic and political barriers to be the greatest obstacle to hydropower
development in Nepal and recommend concentrating efforts on the social barriers which had
received less attention than the technical challenges. Shortly after, Sharma and Awal (2013)
review the history and importance of hydropower development in Nepal and then analyzes major
challenges for the hydropower sector including (a) seasonal challenges of generating hydropower
power in a monsoon-dominated climate. The authors highlight how run-of-the-river hydropower
plants are unable to meet high electricity demands in the dry winter months when hydropower
plants are operating at about a third of their capacity; (b) climate change impacts on streamflow,
noting that glacial melt is not significantly influencing streamflow in rain-fed southern or snowfed rivers during the dry periods; (c) the risks that local natural hazards including glacial lake
outburst floods, heavy rainfall, earthquakes, landslides, and sediment loading can have on run-ofthe-river hydropower plants and their operation; (d) the poor management of the Nepal
Electricity Authority including hydropower project delays and associated cost overruns, as well
as electricity losses in the system from both technical and no-technical losses; and (e) addressing
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the negative environmental impacts and social conflicts that can arise from hydropower projects.
Given Nepal’s dramatic streamflow fluctuations from the Asian Monsoon, Sharma and Awal
(2013) emphasize the importance of planning and designing hydropower to minimize Nepal’s
energy “cuts” in the dry winter months and the “gluts” in the wet summer months. Similar to
Sovacool et al. (2011) findings, economic and political issues, particularly the effectiveness of
the Nepal Electricity Authority in fulling its energy transmission and distribution duties, were
determined to be the greatest barriers hindering growth of Nepal’s hydropower sector. Given the
numerous challenges, up until 2017, less than 2% of Nepal’s 42,000 MW hydropower potential
had been realized (Alam et al. 2017).
Starting in 2017, the long-awaited boom in hydropower development appears to have
begun. The private hydropower sector, commonly called independent power producers, saw
unprecedent growth (Nepal Electricity Authority 2019). This growth suggests a favorable
environment for private investment in hydropower that is putting Nepal on a path to make
substantial contributions to the government of Nepal’s declared goal of 10,000 MW [of installed
hydropower capacity] by 2030.
As Nepal rapidly expands hydropower in mountain river basins, there is a need to
critically examine this growth, particularly given the historical focus on Nepal’s economic and
technical potential that obscures the sociopolitical complexity of Nepal’s energy system. This
research uses an energy systems and political ecology lens to examine the physical, social,
technical, and political factors shaping Nepal’s hydropower boom through a multi-scalar study.
We ask, what has changed regarding the enduring challenges for Nepal’s hydropower sector, and
looking ahead, what are the emerging challenges that need to be considered? As discussed in the
next section, we reviewed national-level hydropower policies and conducted field visits and
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semi-structured interviews for a basin-level study of the physical, social, and political
dimensions shaping run-of-the-river hydropower development. While we found unprecedented
growth in Nepal’s hydropower sector from private investors, we also found many ongoing
challenges that have yet to be addressed regarding water availability for energy generation and
NEA-related limitations regarding energy transmission (Section 3.0). Furthermore, we found
new sociopolitical conflicts arising given Nepal’s rapid and concentrated growth of hydropower
that are discussed in Section 4.0. By examining on-the-ground practices, we find contradictions
in common run-of-the-river narratives that present a much more complex understanding of
hydropower development in Nepal, one that suggests Nepal’s hydropower boom does not offer a
panacea for energy and economic development. Lacking serious consideration of Nepal’s larger
energy system and the important sociopolitical dynamics shaping this this growth, the current
hydropower trajectory may in fact perpetuate and intensify existing energy shortages and social
inequity in Nepal.

2.0 Methods
2.1 Conceptual Frameworks
Energy systems are intrinsically linked between human and physical geography fields
(Hoare 1979) and lend themselves to human-environment geographic fields of study (Smil 2008,
Calvert 2015). With humans playing an influential role in shaping energy resources, energy
production, and distribution as well as being influenced by the uneven development that
transpires, there is a real need to examine the social dimensions of energy systems (Sovacool et
al. 2018, Stern et al. 2016) including the power relations embedded in human-environment
relationships (Bridge et al. 2015). Energy system perspectives can help highlight the complexity
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and political dimensions shaping social-energy relationships (Shaw 2011) and political ecology
can help critically examine social dimensions of knowledge and power relations (Bridge et al.
2015). These lenses can be particularly useful for hydropower studies.
Hydropower development has a long history of controversy. As noted by World
Commission on Dams (2000), “At the heart of the dam debate are issues of equity, governance,
justice and power” (World Commission on Dams 2000, xxvii). Given the political nature of
hydropower development there have been calls to draw on political ecology approaches to study
sociopolitical drivers of hydropower development as well as how a plurality of stakeholders and
their underlying power relationships shape this development (Baghel and Nüsser 2010).
Just as the introduction of hydropower in a river basin alters streamflow, this intervention
also alters social system dynamics (Hommes and Boelens 2018). Hydropower projects are not
apolitical and can change the use of water resources along with access and availability of this
resource (Molle et al. 2009, Bakker 1999). Furthermore, the social and energy systems that led to
the hydropower development also influence the distribution of the costs and benefits from these
hydropower projects and shape societal outcomes in the river basin (Bakker 1999, Swyngedouw
and Kaïka 2002, Molle 2009). Given the influential role that social systems play in shaping
hydropower development as well as management and decision-making, there is a need to
understand the larger socio-political context of this development.
Here, we examine Nepal’s hydropower boom in run-of-the-river hydropower
development as part of a larger energy system that is shaped by the historical, physical, social,
technical and political context. We use this framing to help understand the complexity and
sociopolitical terrain that shapes Nepal’s energy system including the multi-scalar connections
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and underlying power dynamics within and among influential actors and institutions (i.e.
stakeholders) that shape Nepal’s hydropower boom.

2.2 Research Design
With the intention to connect research findings with decision and policy makers, our
research design centered around ‘use-inspired’ (Stokes 1997; Clark 2007; Moser 2010) and
‘usable’ (Dilling and Lemos 2011) science principles as well as effective principles for
knowledge exchange (Reed et al. 2014). We began by meeting with national-level researchers as
well as decision and policy makers to identify our study location and key stakeholders to
examine pressing challenges facing Nepal’s hydropower boom. In our meetings, the Gandaki
River basin was unanimously recommended for our study area given the prevalence of both
current and projected hydropower development as well as the documented struggles between
farmers and hydropower projects (Figure 2).
During these early meetings we also identified key stakeholders to interview. In addition
to water and energy academic experts we identified national-level policy and decision makers
from government organizations including Ministry of Energy (Department of Electricity
Generation, Nepal Electricity Authority, Water and Energy Commission Secretariat), Ministry of
Agriculture and Livestock Development (Department of Agriculture, Department of Irrigation),
and Ministry of Forests and Environment (Department of Environment). We also identified the
Nepal Banker’s Association and the Independent Power Producers’ Association, Nepal (IPPAN)
as key stakeholders to interview. IPPAN was first established in 2001 and is a non-profit, nongovernment membership organization. IPPAN acts as a liaison between the public and private
sector to help facilitate hydropower development in Nepal by independent power producers. We
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then identified 12 operational projects within the 1 MW to 100 MW size classification in the
Western Development Region of the Gandaki River Basin in Nepal to focus on for our study. At
each of these 12 study sites we included community leaders, water managers, and community
members from project-affected communities, as well as public and private hydropower
developers and staff as stakeholders. In the field, we ended up visiting another four sites that
were under construction to better inform some of the temporal dimensions of hydropower
development in Nepal.

2.3

Data Collection

This research coupled a national-level perspective of hydropower development with a
basin-wide study using 12 project sites from the Gandaki River basin to better understand
national-, basin-, and local-level challenges of run-of-the-river development in Nepal. Data
collection primarily drew from hydropower site visits and semi-structured interviews with
stakeholders. In addition to the 12 operational projects within the 1 MW to 100 MW size
classification in the Western Development Region of the Gandaki River Basin in Nepal, we also
visited and conducted interviews at another four sites that were under construction. These sites
were chosen for their proximity to our other study sties and helped inform our understanding of
the temporal dimensions and construction-specifics of hydropower development. A total of 86
semi-structured interviews were conducted that ranged from 30 minutes to three hours across
three main stakeholder groups (1) national water and energy experts and key decision-makers
(n=14); (2) hydropower developers, project managers and staff from the 12 study sites (n =24);
and (3) community leaders, water managers, and farmers from the 12 study sites (n=48).
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We used purposive sampling (Battaglia 2008), and sought interviews with stakeholders
who could (1) speak to the spatial and temporal aspects of water and energy resource; (2) share
national, basin, and local level knowledge; (3) represent perspectives from business, finance,
government, academia, and civil society; and (4) offer historical perspectives from a long career
or experience with hydropower, as well as stakeholders who were new to the field or were newly
affected by hydropower.
Relationship building with stakeholders was a critical component of this research.
Combined, the authors have over 10 years of experience conducting research on run-of-the-river
hydropower in the Himalayas and were able to conduct much of this research based on the longterm relationships that the authors have fostered in Nepal. Part of our trust building process with
interviewees involved clearly communicating our research objectives and our intentions as well
as limitations for research outcomes.

2.3. Data Analysis
A thematic analysis (Guest et al. 2012) was used to assess semi-structured interview data.
The 86 interviews were transcribed and thematically coded using NVivo software. Interview
transcripts were first categorized based on stakeholder group (i.e. policy and decision makers,
hydropower developer, hydropower project manager, water manager, farmer, local leader). Next,
interview transcripts were categorized and assessed based on prominent physical (i.e. water
supply, natural hazards), social (i.e. conflicts), technical (i.e. road and energy infrastructure), and
regulatory (i.e. hydropower policies) challenges within and across stakeholder groups. Spatial
and temporal dynamics of the data were also examined as water and energy demands and supply
are both spatially and temporally varied. Data were triangulated by combining and cross-
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checking data from field visits, policy documents, hydropower reports, participant observation,
GPS mapping, and semi-structured interviews within and across stakeholder groups.
3.0 Key Findings and Implications
3.1 Nepal’s Hydropower Boom
The long-awaited boom in Nepal’s hydropower sector appears to have arrived. With
Nepali independent power producers investing in hydropower, the country is seeing a drastic
increase in both the number of hydropower projects and installed capacity. Prior to fiscal year
2017-2018, there were a total of 50 independent power produced hydropower projects. During
fiscal year 2017-2018 alone, 15 run-of-the-river hydropower projects were added by independent
power producers. Most of these projects were relatively small, with a total added installed
capacity of 71.64 MW. However, with 107 much larger hydropower projects under construction
and another 74 in different stages of development, an additional 4,000 MW is expected to come
online in the years to come (Nepal Electricity Authority 2019). This rapid growth marks a new
era of dam development in Nepal (Figure 3).
Efforts by the Nepali government to streamline licensing process for hydropower and
reduce government regulations were found to help spur this growth. In an interview with a highlevel official at the Nepal Electricity Authority (Interview, November 7, 2017) we were told that
the licensing process was overhauled over the past five years to reduce the workload and
ambiguity that had previously existed for private developers. For an experienced developer in
Nepal the changes were hailed as ‘greatly improved’ (Interview, April 17, 2017). Meanwhile,
hydropower developers new to the licensing process indicated that they found the process
difficult to understand, navigate, and manage. Despite changes, all of the developers we
interviewed did, to varying degrees, note that the process could still be tedious and time
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consuming. One developer stated, “there are so many hassles and so many government hoops”
(Interview, October 30, 2017) and another developer stated, ‘the government licensing is not
such a big problem, but it takes time and patience” (Interview, May 23, 2017).
As for regulations, hydropower projects greater than 1 MW must undergo either an Initial
Environmental Evaluation (IEE) or an Environmental Impact Assessment (EIA) depending on
the installed capacity of the project or location (i.e. conservation area). Originally, in 1997, the
less extensive IEE was required for projects between 1 and 5 MW and the much more
compressive EIA was required for projects greater than 5 MW. As part of the government’s
efforts to streamline licensing for developers and attract investors, a 2009 government directive
stated that EIAs are only needed for projects greater than 50 MW (unless in a conservation area)
and IEEs are required for hydropower projects between 1 and 50 MW (Government of Nepal
Ministry of Forests and Environment, 2018).This regulatory change makes developing
hydropower projects up to 50 MW much less expensive for the private sector as the
Environmental Impact Assessments are quite extensive and expensive (Interviews February,
May and October 2017).
Several financial changes have also contributed to this boom in Nepal’s hydropower
sector. We learned that the government has mandated commercial banks of Nepal to include
hydropower projects in a minimum of five percent of their investment portfolio (Nepal Rastra
Bank, 2017) and requires hydropower companies to offer a minimum of five percent of
company’s shares (Initial Public Offerings) to the general public (International Finance
Corporation, 2018). Furthermore, remittances from Nepalis abroad are readily being invested in
hydropower. Remittances make up more than a quarter of the Nepal’s Gross Domestic Product
(GDP) (World Bank 2019) and many Nepalis are eager to invest in hydropower. All of the
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private hydropower developers we spoke to explained that Nepali power producers could easily
finance projects up to 100 MW and some indicated this number is now likely higher.
In contrast to earlier studies that found financial constraints to be one of the greatest
hindrances to developing hydropower in Nepal (see Sharma and Awal 2013; Sovacool et al.
2011), we found the financial concerns were no longer at the forefront. Although, many of the
earlier challenges were still prevalent. Three main challenges stood out from our interviews
across our 12 study sites: hydroelectric energy generation, particularly regarding water
availability; hydroelectric energy transmission (also described as execution) by Nepal Electricity
Authority (NEA); and sociopolitical conflicts with project-affected communities.
3.2 Enduring Challenges in Nepal’s Hydropower Sector
In assessing the physical, social, technical and political challenges in the hydropower
sector, there were many enduring challenges that have long plagued hydropower development in
Nepal. Hydropower developers explained the many risks they face associated with natural
hazards, political turmoil, and policy changes. However, there were three main challenges that
emerged from the interviews with hydropower developers across the 12 study sites: water
availability for hydroelectric energy generation, energy transmission, and conflicts with projectaffected communities.

3.2.1

Hydroelectric Energy Generation

What’s important is not installed capacity, but energy generation. How do we maximize
generation?
- Energy Policy Expert (Interview, October 4, 2017)
Water availability is a critical issue for hydropower generation, particularly run-of-theriver hydropower. Because there is little or no storage for these diversion projects, these dams do
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not offer the benefits of water storage. Contrary to common narratives that highlight the
abundance of water resources in the Himalayas, these water resources vary considerably
seasonally. Water and energy experts as well as those working in the hydropower sector were
quick to point out how drastic streamflows vary in Nepal and raise concerns about the long-term
implications of short-sided growth in Nepal’s hydropower sector. As one energy expert in Nepal
explained, “We are not rich in water as the discourse states. We have four months of flood and
eight months of drought. Freshwater is precious in Nepal. We need to protect it” (Interview,
October 4, 2017).
In a monsoon-dominated climate, energy generation based on river flows drastically
differs between the wet and dry season. While a project may be operating at 100% of its installed
capacity during the four-month monsoon (June – September), these hydropower facilities are
typically operating at a fraction of their installed capacity over the other eight months.
Hydropower flow rate designs for 11 of the projects varied between Q35 to Q60 meaning the
hydropower plants were designed to operate at their maximum capacity 35 to 60 percent of the
year, respectively. Only one project, Seti Hydropower, has a Q100. Seti was designed to operate at
maximum capacity (1.5 MW) year-round so the project is sized based on the Seti River’s
baseflow, or low flow.
Although projects may be designed for a specific average discharge (Q), streamflow data
is limited to create accurate flow duration curves. Eight project managers and engineers across
the 12 study sites discussed the challenges they face from the lack of any long-term streamflow
data. Several mangers and engineers explained that streamflow data is collected over five years
as part of the licensing process and these five years of data are what is used for project designs.
In explaining the many challenges he faced, one developer exclaimed “hydropower is so
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difficult. It requires every type of engineering, electrical, civil, mechanical as well as social and
geologic challenges and we have to do this all with no data.” (Interview, October 30, 2017). One
manager at an NEA site explained that his project regularly floods because it was not well
designed for the river flow (Interview, February 20, 2017). At Upper Madi-1 the hydropower
developer realized their project was undersized at 20 MW and sought a second power purchase
agreement for an added 5 MW of installed capacity (Interview, May 23, 2017). One hydropower
energy expert explained that that during the dry season, generally mid-December to mid-March,
many hydropower projects operate at less than 30 percent of their installed capacity (Interview,
February 13, 2017). Such low operating capacities were confirmed at many of the sites we
visited. At two sites we were told streamflows can sometimes be too low to generate any
electricity (Interviews February 2, 5, and 13, 2017).
This seasonal issue for run-of-the-river hydropower projects was raised by Sharma and
Awal (2013). Sharma and Awal (2013) found acute energy shortages in the dry (winter) season
due to low streamflows and recommended Nepal build more storage projects. We found water
availability in the dry season to be a major concern of all of the stakeholders. However, we were
regularly told that the economic costs associated with pondage and storage projects were deemed
too high for private investment. To help create economic incentives an official at the Nepal
Electricity Authority (NEA) told us that they had recently revised their power purchase rates to
incentivize storage and peaking run-of-the-river hydropower projects4 (Interview, November 7,
2017). While these changes were confirmed (Nepal Electricity Authority 2019), it is unclear if
these tariff changes will be enough to change development practices. After the tariff change
(effective April 27, 2017) a board member from the IPPAN did say that the organization will be

4

Peaking run-of-the-river hydropower have small reservoirs that allow for water storage so that the power plants can
increase production during daily morning and evening energy peak demands (McManamay et al. 2016).
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looking into converting some run-of-the-river hydropower projects to pondage projects
(Interview, October 17, 2017).
Given the dramatic seasonal and daily variations in regard to both energy supply and
energy demand, some energy experts have called for an energy assessment to critically examine
Nepal’s energy needs now and into the future and to then design an energy grid that meets
demand and accounts for local seasonal and temporal constraints (Interviews, February 13, 2017
and October 25, 2017). Meanwhile, another energy expert argued that hydropower projects
should be designed based on the baseflow of rivers so that they can operate at full capacity
throughout the entire year (Q100), such as Seti Hydro, and ensure reliable hydroelectric energy
year-found (Interview, October 4, 2017).
Current and projected climate change trends, particularly reduced streamflows during the
winter months raises further concerns regarding water availability for hydroelectric generation in
Nepal’s mountain river basins. Nepal’s monsoon-dominated climate is already creating acute
seasonal challenges regarding water availability and climate change is only expected to
exacerbate this seasonality. Climate predictions for the Gandaki River basin signal that both the
wet and dry seasons will become more pronounced with drier winters with more intense rainfall
during the summer months increasing the chances of both drought and floods (Panthi et al.
2015). With the vast amount of Nepal’s water stored in glaciers warming temperatures are
increasing glacial melt. Instead of helping reduce the variability between the wet and dry months,
most glacial melt occurs during the summer monsoon months and is therefore a relatively small
contribution to streamflow relative to precipitation (Mishra et al. 2014). This glacial melt
becomes an added concern as it can increase hydrologic risk from Glacial Lake Outburst Floods
(GLOFs) as well as contribute to greater flooding in these mountain rivers basins (ibid).
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Low streamflow is not the only factor affecting electrical generation, natural hazards can
also disrupt energy generation. The unstable geology of the Himalayas is prone to slide, and
project managers and engineers explained that upstream landslides, both naturally occurring and
those triggered from road development, can cause major sedimentation issues that affect
operations and maintenance. Landslides also pose a threat to the hydropower infrastructure
including transmission lines. During our site visits 50% of the projects were undergoing
maintenance or repairs. At three sites (Ridi, Mardi and Upper Marsyangdi) water was being
‘wasted’ and released from the dam due to extensive repairs that were beyond regular planned
maintenance due to flooding. Flooding during the monsoon damages infrastructure and high
sediment loads wear down the turbines reducing the efficiency of these power plants. The project
engineer at Lower Modi-1 told us that in 2015 there was a massive flood that spilled over the
retaining walls and submerged the turbines in the powerhouse. The flood caused the power plant
to shut down for about five months (Interview, May 17, 2017). The dam structure at Seti had
been damaged and to repair it, the entire Seti river was diverted upstream of the dam. This
diversion prevented any water from flowing downstream to the Bijayapur hydropower project
leaving both projects out of commission for the length of the repair (which was in process during
our site visit). The great variability between the wet summer months and dry winters months
suggests that the increase in run-of-the-river installed capacity will further contribute to energy
“gluts” in the wet season and energy “cuts” in the dry season and that climate change will further
exacerbate energy generation regarding water availability and natural hazards.
According to hydropower developers and project managers across the study sites, the 7.8
magnitude earthquake that shook Nepal in 2015 did not directly damage any of the 12 project
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sites. However, two project sites that were under construction at that time (Daurandi and Upper
Marsyangdi) indicated that all work was halted for about six months so that workers could return
home. Seismically, the Himalayas are “very active” (Paudyal 2012) and earthquakes will
continue to be a major risk for hydropower.

3.2.2

Hydroelectric Energy Transmission

“There’s nothing the private sector hates more than uncertainty”
– Independent Power Producers Association of Nepal (IPPAN)
Interview, October 17, 2017
In Nepal, hydropower developers feel a great deal of uncertainty in their investments.
The Independent Power Producers’ Association of Nepal (IPPAN) works on behalf of
hydropower developers to reduce political and financial risks in the hydropower sector. The
success of IPPAN is evident by the policy changes that favor independent power producers in
Nepal and the rising number of independent power producers investing in run-of-the-river
hydropower in Nepal. However, according to IPPAN (October 17, 2017), two main challenges or
possible “show stoppers” remain. The first is concerned with power transmission or execution—
connecting hydroelectric power to the national grid through transmission lines and substations.
Our interviews with hydropower developers and project managers, confirmed that power
transmission or execution was a key challenge for them. The Nepal Electricity Authority (NEA)
is responsible for constructing and maintaining that national grid which includes transmission
lines to transport electricity from the hydropower plant to the local substation for distribution.
However, hydropower developers and project managers we spoke to explained that NEA often
fails to construct the needed transmission lines for their hydropower projects.
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We found that it was common for hydropower developers to be burdened with
constructing and maintaining transmission lines, a costly endeavor. As one developer explained,
“NEA has to do it by law, but we can’t afford not to produce electricity, so we built the
transmission lines” (Interview, May 16, 2017). Similarly, at one of the sites under construction, a
project engineer explained that they would build the substation if NEA fails to, exclaiming “what
choice do we have?” (Interview, February 22, 2017).
Poor management and inefficiencies in the national grid system can also affect
hydropower developers’ bottom line. At Upper Madi, the project engineer told us that their local
substation goes down two or three times a day (Interview, May 18, 2017). Although Upper Madi
does not have to pay any fines for not fulfilling their power purchase agreement, they cannot sell
their electricity and therefore make money when the system is down. In our interviews with
officials at the Nepal Electricity Authority (NEA) we were told that NEA has financial and
human resource limitations that contribute to these electricity load management issues. There can
be substantial bottlenecks in the transmission lines and, as the official explained, even though
there had been recent improvements in the transmission line ‘losses’ (reduced from about 25.8%
to 23.5% of the electricity load) there was still much that could be done and needed to be done to
increase electricity supply from management alone (Interview, November 7, 2017).
Constructing transmission lines adds new challenges for hydropower companies. One
project engineer explained that acquiring the land for the nine km alignment of the transmission
line was the greatest challenge they faced (Interview, November 7, 2017). The reason why this
became so difficult had to do with project sequencing. Hydropower developers buy the land for
the dam site and powerhouse early on in the development process. It is not until the late-stages of
construction that developers often realize they also need to build transmission lines. We were
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told there are few options for the alignment of the transmission lines and project-affected
communities are aware of how dependent the developers are on these power lines and the
associated land (Interviews at Bijayapur, Daurandi, Lower Modi-1, and Mardi). During
construction is also when project-affected communities are typically experiencing the greatest
negative impacts, especially unanticipated impacts (see Crootof et al. In Preparation). The
second “show stopper” identified by IPPAN (October 17, 2017) was community relations with
project-affected communities. Community relations are discussed in the next section, but briefly,
protests and strikes led by project-affected communities are commonly employed to help
negotiate or renegotiate terms with hydropower companies. Given the timing of when
hydropower developers end up negotiating for land for the transmission line alignment (towards
the end of construction) with project-affected communities, developers found that community
members were much more reluctant to sell or lease land in opposition, making land purchases
both time consuming and costly.
The lack of electrical infrastructure as well as the low efficiency from electrical load
management all contribute to an ongoing challenge of ensuring the energy produced from these
hydropower plants make it to the national grid and eventually to end users. Even with the growth
of hydropower, questions remain regarding how much electricity from these new power plants
will make it to end users? Concerns regarding NEA’s ability to fulfill its duty have long been an
issue in Nepal’s energy system as emphasized by two earlier reviews that found NEA to hinder
Nepal’s hydropower growth (see Sharma and Awal 2013 and Sovacool et al. 2011).
Further complicating energy management is the issue of peak demand. Temporal
variations in energy demand is also often obscured in conversations about hydropower in Nepal.
Electricity demands are not consistent and vary substantially throughout the day as well as
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seasonally. According to the Nepal Electrical Authority (2018), peak energy demand, which
occurs for about three hours in the morning and three hours in the evening, is about 1.7 times
greater than the energy demand throughout the rest of the day. Meeting this peak demand is
critical, and yet, run-of-the-river hydropower development largely contributes the same energy
supply on a daily basis. Despite conversations with government officials and policy-makers that
envisioned Nepal achieving energy sovereignty through hydropower development, those in the
hydropower sector along with water and energy experts, spoke of continued reliance on India to
supplement the country’s energy needs long into the future, particularly during peak hours and
the dry winter months. These findings reiterated the seasonal challenges of Nepal’s water supply
highlighted by Sharma and Awal (2013).

3.2.3

Hydropower Developers-Community Conflicts

“We want to be a part of the development. Our situation should improve, not decline
when hydropower comes to our home”
- Interview at Middle Marsyangdi February 20, 2017
IPPAN identified community relations with project-affected communities as the second
possible “show stopper” for hydropower development in Nepal. Interviews with hydropower
developers and project managers confirmed the significance of this challenge. While several
hydropower developers indicated that the ‘social problem’ regarding community protests, strikes,
and demands was their number one challenge (i.e. Bijayapur-1, Upper Modi. Upper Madi) there
was less consistency across all 12 study sites compared to the energy generation and
transmission challenges discussed above. While hydropower staff and project-affected
communities across the study sites all identified conflicts to be greatest during the construction
phase, the degree of conflict during construction and post-construction varied across the 12 study
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sties. At several sites (i.e. Aandhikhola and Ridi) project-affected communities expressed their
deep gratitude for the range of benefits they had received including electricity and improved
water supply, project-affected communities at other study sites expressed their deep disdain for
the hydropower projects noting feelings of betrayal by the hydropower companies (i.e. Daurandi,
Modi, Upper Madi). We found that the hydropower developers and project managers almost
always were aware of and understood the frustrations of community sentiments. However, at one
site, we heard two very different stories. Despite claims by one hydropower company that said,
‘We addressed all social problems prior to construction phase so no problems there” (Interview,
May 23, 2017), the community had a very different perspective. In speaking to community
members there appeared to have deep animosity toward the hydropower company. One farmer
explained, “There is no benefit of hydropower. The forest land is gone and some lost agricultural
land. The little the developer did was just part of mitigation, there are no benefits” (Interview,
March 30, 2017).
Project-affected communities use strikes and protests to halt or delay hydropower,
particularly during the construction phase. These conflicts are challenging for developers
because they can cause project delays that run up costs. Acquiring land from farmers is also
becoming increasingly difficult and also cost developers time and money. Both farmers and
hydropower developers told us how in the past, farmers readily sold their land for hydropower
but that now, that is rare. A farmer reflecting on the negative social outcomes of the local
hydropower project explained, “This was our first project. We didn’t know what to expect, what
to ask for” (Interview, May 18, 2017). Now, many farmers are aware of the social implications
from run-of-the-river hydropower projects and are less willing to sell land. Not only are farmers
increasingly aware of the possible negative impacts that they can endure from hydropower
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construction and development, but farmers have also learned that land values increase with
hydropower development and that their land can be a valuable tool in negotiations with
hydropower developers (see Crootof et al. In Preparation). An NEA official told us that farmers
won’t even sell them land for transmission lines on barren or fallow land in protest (Interview,
November 7, 2017).
In our interviews with hydropower developers and a few bankers, the threat and fear of
social opposition to hydropower was palpable. In speaking with the Nepal Bankers’ Association,
a banker described the perceived threat and power of opposition by project-affected communities
stating, “a billion-dollar project could be stopped by 12 youth” (Interview, October 17, 2017). To
help minimize the risk of social opposition, bankers try to assess local politics for proposed
project sites. One banker told us, “we check political groups and we analyze who are Maoists to
check for political resistance” (Interview, February 16, 2017). Similar sentiments regarding the
fear of opposition was echoed by hydropower developers, particularly those who currently had
hydropower projects under construction. A hydropower developer told us, “If we hire all local
people they are too powerful and will go on strike so we hire fifty-fifty local and non-local”
(Interview, February 22, 2017). While local-level opposition to hydropower has long been a
challenge for hydropower development in Nepal, new dimensions of these power struggles are
emerging in Nepal’s hydropower boom.

3.3.

Emerging Challenges in Nepal’s Hydropower Boom
In addition to the enduring challenges of generating and transmitting hydroelectric power

in the Nepal, there are new challenges emerging as hydropower development booms. For one,
the rise in hydropower projects, and especially the rate and concentration of this new
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development, raises new concerns regarding competing needs of water resources and cumulative
impacts on both local communities and the environment. This trend is particularly alarming
because we also found current policies and practices to be insufficient to safeguard water
resources for environmental and social needs or to address the rising hydropower-related
conflicts in these mountain river basins.
3.3.1

Concentrated and Contested Hydropower Growth

Much of the current and proposed growth of hydroelectric power in Nepal is highly
concentrated in mountain river basins with limited, if any, integrated or central planning. Nepal’s
hydropower boom is largely unfolding within the existing energy grid, just outside the greatest
urban areas of Nepal (i.e. Kathmandu, Pokhara). Energy demand is greatest in the urban regions
and developers are attracted to the existing roads, transmission lines, and power substations that
they can utilize by developing run-of-the-river hydropower within or adjacent to the existing
national grid. While energy is needed to meet the country’s electrical demand, the rate and
concentration of this growth were raised as points of concern by business leaders, government
officials, academics, and villagers who all noted the ‘piecemeal’ and ‘haphazard’ development
associated with this boom.
One of the most effective ways to take advantage of existing infrastructure and minimize
construction costs is to build projects in the same river basin, one after the other. In many river
basins we visited, water returning to the natural channel from one power station is soon diverted
from the channel at the next hydropower dam. While some run-of-the-river projects are designed
by the developer as ‘cascade’ projects where water leaving one tailrace supplies water for the
next diversion, in our study area there were many sites where different developers were building
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hydropower projects one after another. For example, in the Modi River there are two operational
run-of-the-river hydropower projects Upper Modi (NEA, 14.8MW) and Lower Modi-1 (United
Modi, 10MW). During fieldwork another run-of-the-river hydropower project was being built
(Modi) that diverts the Modi streamflow for 5.0 of the 5.8 km between the two existing projects.
The combined effect from these three hydropower projects equates to a dewatered reach of more
than 11 km or about 7 mi (Figure 4). We also found many proposed hydropower projects in the
surveying and licensing phase to be overlapping due to a lack of data, coordination, and
planning. In the Modi river, an additional three high-head diversion projects are in the early
stages of construction with another seven projects in the process of obtaining surveys and
licenses (Interviews May 15 and16, 2017). If all these projects come to fruition, even if there is
enough streamflow to meet this demand, the hydrology of the Modi River would be altered
throughout. Studies of such ‘over-development’ in Yunnan, China (Hennig and Harlan 2018) and
Uttarakhand, India (Bucheler et al. 2017) have called for river basin management plans to better
plan and prepare for competing water needs in mountain river basins.
The density of these hydropower projects, especially given the lack of central planning in
Nepal has led to ‘piecemeal’ and ‘haphazard’ development, as described across all stakeholder
groups. There are no existing policies specific to cascade hydropower projects in Nepal or even
defined roles and responsibilities for hydropower projects interrupting flows either upstream or
downstream of existing projects much to the dismay of many hydropower developers that we
spoke to. Although the hydropower developers we spoke to in the Modi river basins all said
relations were good among each other, such concentrated development raises the possibility of
new conflicts among hydropower companies and developers, especially given that although runof-the-river hydropower projects return their diverted water to the river channel, the timing can
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vary. As discussed above, many hydropower projects were undergoing maintenance and repairs
during our site visits and two sites had diverted the entire streamflow above the hydropower
project to fix damaged dam infrastructure. Run-of-the-river hydropower projects may be nonconsumptive, but maintenance, repairs, and operations can still affect upstream and downstream
users and are expected to create new management challenges for developers.
This concentrated growth of hydropower raises new concerns regarding rural
development as well as cumulative and compounding impacts on project-affected communities
and riverine environments. Many of Nepal’s rural villages covet development in terms of
electrification, road development, and social services. Furthermore, project-affected communities
in the Gandaki River basin had the most to gain when hydropower development projects were
built in communities that did not previously have electricity or roads and received both as part of
their compensation (see Crootof et al. In Preparation). When hydropower projects are built one
after another within the existing electrical grid where infrastructure is prevalent, the potential
benefits for rural development are greatly diminished.
With hydropower already driving social conflicts between hydropower developers and
project-affected communities, the current trajectory of Nepal’s hydropower growth suggests new
points of tension among stakeholders. We found the uneven distribution of impacts from run-ofthe-river hydropower can spur both intra- and inter-village conflicts. When local-level benefits
from hydropower companies were not equally distributed within project-affected communities
we heard numerous stories of “deep divisions” and “no unity” as a result of the hydropower
project. Furthermore, the proximity to other hydropower projects appeared to fuel conflicts.
Several project-affected communities felt ‘cheated’ by and held “deep resentment” for their local
hydropower project once they learned of the benefits that other nearby project-affected
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communities (often directly upstream or downstream) had received from other hydropower
companies. Understanding the cumulative social and ecological impacts from this concentrated
hydropower development was beyond the scope of this study, but there is also potential for
greater social contestation in response to new cumulative impacts from projects being developed
one after another.
3.3.2

Disconnect Between Policies and Practices

These sociopolitical concerns stem, in part, from our findings that current regulations and
practices in Nepal’s hydropower boom do not ensure water resources for local environmental
and social needs are safeguarded. Current policies, which aim to protect riverine habitats and
water resources for local needs, are not consistently implemented or enforced at the project-level.
An empty fish ladder along one of the diversion dams offers a visual illustration of the
disconnect between national policies and local practices (Figure 5). Concrete fish ladders are
designed in conjunction with dams to allow fish passage and help mitigate the negative impacts
that dams have on river connectivity. However, when these hydropower projects disregard
environmental flow regulations and divert all of the streamflow for energy generation in the dry
season, fish ladders are rendered useless as a mitigation tool.
Regulatory environmental flows are supposed to ensure a minimum release of water
downstream of dams. In 2001, an updated Hydropower Development Policy (2001) was passed.
This revised policy aimed to address environmental and social issues by including stipulations
regarding water rights, land acquisition, investments, as well as environmental flows. Regarding
environmental flows, the policy states:
Provision shall be made to release such quantum of water which is higher of either at
least ten per cent of the minimum monthly average discharge of the river/stream or the
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minimum required quantum as identified in the environmental impact assessment study
report. (Government of Nepal Ministry of Water Resources 2001, p 9)
Yet, none of the 12 study sites released environmental flows. Not only did community members
from the project-affected communities tell us that “no water is released in the dry season”
(Interview, May 17, 2017) but so did the project managers and developers. As one project
manager explained, “We don’t leave 10 percent of the flow” (Interview, October 22, 2017).
Beyond national policies, we found little interest by the government of Nepal or
hydropower developers to curtail electricity generation in favor of environmental flows. The
message that resounded from our interviews with policy and decision-makers as well as
hydropower developers, was that Nepal needed electricity and this electricity was more valuable
to the country than in-stream flows. As one project manager exclaimed “Water is money,
especially in the dry season” (Interview, February 21, 2017). Electricity is so valuable in the dry
season we were consistently told it is best to use water for electricity and that even the locals
would rather have less water and more electricity (February 21 & May 16, 2017). One project
manager explained, “We convinced NEA that it is okay to release less than 10 percent of the
environmental flow to help reduce the load shedding…it is worth it” (Interview, February 10,
2017). In conjunction with the electricity being too valuable to pass up, we also heard many
people explain that Nepal was too poor to be concerned with environmental flows. As one
governmental official stated, “Once Nepal is a rich country we can address environmental
concerns” (Interview, January 31, 2017) and a hydropower developer said, “If we were rich we
could afford environmental flows, but we have too much trouble executing projects so we can’t
also worry about the environmental flow” (Interview, February 21, 2017).
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As described by the Ministry of Water Resources Hydropower Development Policy 2001,
the developer is responsible for releasing the ‘needed’ downstream water for irrigation, livestock,
and riparian needs as well as an additional 10 percent for environmental flows in the ‘dewater
zone’ below the dam. Officials from both the Department of Electricity Development and the
Department of the Environment reiterated the developers’ role in ensuring local water needs and
environmental flows are met. However, just about everyone we spoke to noted both the lack of
releasing environmental flows by hydropower projects and the lack of enforcement of this
policy. One hydropower developer told us that Department of the Environment never visits the
sites so there is no incentive to release environmental flows, even though this project manager
personally supported the need for environmental flows, “hydropower needs to be done well.
Benefits [to the community] should extend throughout the life of the project and environmental
flows should be monitored and enforced” (Interview, February 10, 2017). As a member of
IPPAN explained, “If the government doesn’t regulate, why would the private sector act against
its economic interest?” and followed up with, “If the policy isn’t there, we can expect abuses”
(Interview, October 17, 2017). When government officials were asked why there was a lack of
enforcement, we were consistently told it was due to a lack of monetary and human resources to
review and enforce the regulations. As discussed above, many of the sites have little if any
streamflow data so even determining streamflow for environmental flows would be problematic.
Furthermore, based on our field observations and interviews by water experts and civil engineers
it was deemed “unlikely” that a ten percent flow would be sufficient to create a flow of water
below the dam sites during the dry season. Ensuring streamflow during the dry season could
require halting all hydropower generation and that did not appear to be a conversation the
hydropower sector was interested in having.
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Another major issue affecting enforcement is the lack of corresponding regulatory acts.
Although Nepal’s latest hydropower policies aim to reduce environmental and social impacts
(see Table 1), the corresponding Water Resources Act and Electricity Act, which enforce the
policy, have not been updated since 1992. The disjuncture between the government regulations
and earlier Acts leaves the hydropower policy revisions unenforceable in the federal courts
(Shrestha 2017). This disjuncture, along with other contradictions in Nepal’s hydropower
policies, are described in more detail by Shrestha (2017). This lack of organization stem in part
from the unstable Nepalese government, which has been re-formed 26 times between 1990 and
2016 (Butler and Rest 2017).
A similar disconnect between national policies and local practices exists for water
allocation in these mountain river basins. The National Water Plan 2005 prioritizes water use for
drinking, irrigation, livestock, respectively, followed by hydropower (Government of Nepal,
Water and Energy Commission Secretariat 2005). However, without a corresponding Water
Resource Act to enforce this policy, the policy has limited weight in the courts (Shrestha 2017).
So although hydropower developers should request licenses that take only a portion of the
streamflow in the dry season, the approved licenses typically equate to the entire streamflow
during the winter months and fail to consider local water needs for drinking water, irrigation and
livestock. Shrestha explains, “Licenses [for water use] need to be reduced to account for local
users and environmental flows, but this is not how it is done. Companies and government are too
focused on optimizing economic returns” (Interview, October 4, 2017).
With the government of Nepal focused on increasing hydropower generation to meet its
decreed “10,000 MW in 10 years” and showing limited interest in governing this hydropower
boom to address environmental concerns or the growing grievances over competing needs of
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water, the current trajectory suggests a turbulent future. With limited governmental regulations
and limited government oversight or enforcement at the project level, stakeholders are often
found entwined in power struggles to defend the water and land resources that they believe are
rightfully theirs. Project-affected communities regularly organize worker strikes and protests or
refuse to sell land. While there were exceptions, we found deep animosity between projectaffected communities and hydropower developers at eight of the 12 study sites. While social
opposition and resistance to hydropower development can help to assuage negative impacts and
offer tangible benefits to project-affected communities (see Crootof et al. In Preparation), the
power asymmetries that exist between hydropower developer and rural communities tend to
skew negotiations and ultimately keep power concentrated by elites who have the most to gain in
Nepal’s hydropower boom.
4.0 Conclusions
Long-held and well-established narratives regarding ‘abundant’ water resources and
‘immense’ hydroelectric potential are pervasive in Nepal. Taxi drivers, cooks, and shopkeepers
are quick to quote Nepal’s idealized 83,000 MW of hydropower ‘potential’ identified by Dr. Hari
Man Shrestha. Even national level water and energy policy makers repeat these narratives, as one
told us, “There are no conflicts, no drought in the mountains. There is plenty of water”
(Interview, January 31, 2017). Although these discourses are hopeful and promising, they
obscure or ignore the complexity of hydropower development in Nepal.
While Nepal’s hydropower sector has made great strides in attracting private investment
and the long-awaited boom has begun, we found that there are many enduring challenges that
still need to be addressed and new emerging challenges that will need to be considered. For one,
run-of-the-river hydropower development, which has little or no storage, does little to address
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Nepal’s energy needs for much of the year. Major seasonal variations in Nepal’s mountain rivers
from the monsoon-dominated climate creates acute hydroelectric shortages during the dry season
and increases hydrologic risk from flooding and landslides that can disrupt hydroelectric
generation in the wet season. Looking ahead, climate change impacts are predicted to exacerbate
these seasonal variations with longer droughts and more intense rainfall (Panthi et al. 2015)
further reducing the hydroelectric generation from run-of-the-river hydropower.
Second, the Nepal Electricity Authority (NEA) has shown limited capacity to keep up
with the pace of Nepal’s hydropower growth. From the failure to build transmission lines and
substations in a timely manner to the many inefficiencies in the grid (both technical and nontechnical losses), the NEA has long been a major hinderance for hydropower development (see
Sharma and Awal 2013 and Sovacool et al. 2011). While a thorough analysis of NEA was not
conducted, perceptions by the hydropower developers and national-level government officials
we spoke to did not seem to indicate any major changes. A real concern is that the NEA is not
equipped to be able to transmit, distribute or manage the added hydroelectric power, especially if
the rate of hydropower development continues without NEA receiving the needed resources to
expand and update the existing electrical grid.
Third, while local-level opposition to hydropower has long been a challenge for
hydropower development in Nepal due to the uneven distribution of social and ecological
impacts (see Sharma and Awal 2013 and Sovacool et al. 2011), new and changing power
struggles are emerging. Nepal’s hydropower growth is rapid, concentrated, and haphazard
creating new tensions and spaces for social contestation. For example, to reduce infrastructure
costs regarding road and energy development, hydropower developers are increasingly building
projects one after another in the same river basin. This concentrated growth suggests there will

167

be new challenges emerging regarding cumulative social and ecological impacts on projectaffected communities and riverine environments. Such reliance on the same streamflow for
multiple hydropower developers is expected to complicate hydropower management systems and
relations.
Finally, the policies in place along with on-the-ground practices do not seem to be
sufficient to ensure water resources for local environmental and social needs (see Shrestha 2017),
nor do they seem sufficient to address the growing hydropower-conflicts. With limited
governmental regulations and oversight or enforcement at the project level, stakeholders are
often found entwined in power struggles to defend the water and land resources that they believe
are rightfully theirs. However, these struggles are not played out on a level playing field.
While renewable energy development can create new energy system dynamics, they can
also reinforce existing power structures (Loorbach et al. 2017, Shaw 2011). Without disrupting
existing power structures and fundamentally re-organizing the distribution of potential gains and
losses (Burke and Stephens 2018), the expansion of run-of-the-river hydropower can be expected
to further deepen existing social inequalities within Nepal’s energy system.
By critically examining hydropower development in Nepal as embedded within a broader
energy system we find that Nepal’s hydropower boom risks being a boom of installed capacity
and not one of electricity generation or rural development. Such a narrow focus on installed
capacity, instead of the needs and constraints of the larger energy system, may in fact intensify
energy shortages and social inequity in Nepal.
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Tables

Year

Description

1985

The Department of Electricity of the Ministry of Water Resources, Nepal Electricity
Corporation, and related development boards are merged into the Nepal Electricity
Authority (NEA) to “remedy the inherent weaknesses associated with these
fragmented electricity organizations.” The NEA is assigned with generating,
transmitting, and distributing electricity within Nepal.

1992

Four important policies are rolled out: 1992 Electricity Act, 1992 Water Resources
Act, 1992 Hydro Power Development Policy., and Foreign Investment and One
Window Policy 1992. These policies supported private investment in hydropower
and mark the first time that Nepal allowed the private sector to offer services in the
power sector.

1996

First private sector hydropower project (Khimti) is initiated and commissioned in
2000.

1997

Nepal Environment Protection Act and Nepal Environment Protection Rules 1997
layout framework for Environmental Impact Assessments (EIA) and the less
extensive Initial Environmental Examination (IEE). For most projects between 1 and
5 MW a IEE is required and for most projects greater than 5 MW a EIA is required.

2001

2001 Hydropower Policy is passed “to develop hydropower of the country by
motivating national and foreign private investors in the electricity sector” to meet
both the country's electricity demand and the demand in the hilly and remote
Himalayan regions. This policy stipulates environmental flow release (at least 10%
of the minimum monthly discharge). Both the 1992 Water Resources Act and 1992
Electricity Act were also promoted, but not updated to be compatible with the new
2001 Hydropower Policy (Shrestha 2017).

2005

2005 National Water Plan sets aggressive targets for hydropower development
aiming for 1,000 MW of installed capacity by 2010. However, as of 2015 Nepal had
less than 500 MW of installed hydropower capacity (Shrestha 2016).

2006

2006 Rural Energy Policy passed to “contribute to rural poverty reduction and
environmental conservation by ensuring access to clean, reliable and appropriate
energy in the rural areas”.

2009

Government of Nepal directive states that projects between 1 and 50 MW (instead
of 5 MW) only need an IEE. Projects greater than 50 MW require an EIA
(Government of Nepal Ministry of Forests and Environment 2018).

Table 1: Summary of relevant hydropower regulatory changes over time
Adapted from Sovacool et al. (2011)
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Figures
(A)

(B)

Figure 1. Schematic of introduction of high-head diversion run-of-the-river hydroelectric
power. (A) Prior to hydropower development and (B) post-hydropower development.
Adapted from Kelly-Richards et al. (2017)
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Figure 2: (A) Operational hydropower development by development region in Nepal (2016)
and (B) 12 representative study sites (dam and powerhouse) of the 18 operational projects
(1-100 MW) in the Gandaki River Basin of the Western Development District of Nepal.
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Figure 3: Current and planned run-of-the-river hydropower growth by independent power
producers in Nepal (Nepal Electricity Authority 2018)
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Photo taken standing at the tailrace of Upper
Modi looking downstream at Modi dam

Figure 4: Two operational hydropower projects and their impacted river reach (Upper
Modi and Lower Modi-1 in red) and one hydropower project under construction and its
impacted river reach (Modi in yellow).

Figure 5: Photo of the fish ladder in the impacted reach just below the diversion dam.
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Abstract
The water-energy-food (WEF) nexus is rapidly expanding in scholarly literature and policy
settings as a novel way to address complex resource and development challenges. The nexus
approach aims to identify tradeoffs and synergies of water, energy, and food systems, internalize
social and environmental impacts, and guide development of cross-sectoral policies. However,
while the WEF nexus offers a promising conceptual approach, the use of WEF nexus methods to
systematically evaluate water, energy, and food interlinkages or support development of socially
and politically-relevant resource policies has been limited.
This paper reviews WEF nexus methods to provide a knowledge base of existing approaches and
promote further development of analytical methods that align with nexus thinking. Systematic
review of 245 journal articles and book chapters reveals that (a) use of specific and reproducible
methods for nexus assessment is uncommon (less than one-third); (b) nexus methods frequently
fall short of capturing interactions among water, energy, and food – the very linkages they
conceptually purport to address; (c) assessments strongly favor quantitative approaches (nearly
three-quarters); (d) use of social science methods is limited (approximately one-quarter); and (e)
many nexus methods are confined to disciplinary silos – only about one-quarter combine
methods from diverse disciplines and less than one-fifth utilize both quantitative and qualitative
approaches.
To help overcome these limitations, we derive four key features of nexus analytical tools and
methods – innovation, context, collaboration, and implementation – from the literature that
reflect WEF nexus thinking. By evaluating existing nexus analytical approaches based on these
features, we highlight 18 studies that demonstrate promising advances to guide future research.
This paper finds that to address complex resource and development challenges, mixed-methods
and transdisciplinary approaches are needed that incorporate social and political dimensions of
water, energy, and food; utilize multiple and interdisciplinary approaches; and engage
stakeholders and decision-makers.
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1.0. Introduction
We are confronted with the challenge of effectively managing resources to better achieve
sustainable outcomes, such as those emphasized by the global community in the Sustainable
Development Goals (SDGs, UN 2015). In recent years, the water-energy-food (WEF) nexus has
taken center-stage as a way to better understand complex interactions among multiple resource
systems. Thus far, however, specific methods to analyze WEF interactions and address complex
resource and development challenges remain limited.
Use of the WEF nexus concept is rapidly expanding in scholarly literature and policy
settings (Keairns et al. 2016). Here, we understand the WEF nexus as a systems-based
perspective that explicitly recognizes water, energy, and food systems as both interconnected and
interdependent (Bazilian et al. 2011, Wolfe et al. 2016, Foran 2015). By considering how water,
energy, and food systems operate and interact, the nexus approach aims to maximize synergies
(mutually beneficial outcomes) and minimize trade-offs (which may potentially include nonoptimal outcomes), improve resource-use efficiency, and internalize social and environmental
impacts, particularly across a range of contexts and scales (Kurian 2017). The underlying aims
are to strengthen cross-sectoral integration and improve management outcomes to enhance water,
energy, and food security (Scott et al. 2016).
While the WEF nexus originally focused on clarifying interlinkages between physical
resource systems (Webber 2016), further refinements of the nexus concept recognize the need to
incorporate environmental, economic, political, and social dimensions (Lawford et al. 2013). For
example, de Grenade et al. (2016) situate the nexus among interacting social and physical
systems, while Biba (2016) argues that political dimensions of water, energy, and food systems
are key to achieving nexus goals. To achieve sustainable outcomes, WEF nexus approaches need
to evaluate nexus impacts on human livelihoods and the contribution of institutions for
improving resources governance, particularly at the community level (Biggs et al. 2015). In
addition to understanding tradeoffs and resource-use efficiency among physical resource
systems, how water, energy, and food resources are governed affects outcomes in terms of social
equity, externalities, and socio-ecological resilience (Scott et al. 2015). Nexus analyses are often
conducted at regional or national levels due to the availability of data or national-level policy
goals or metrics (Miralles-Wilhelm 2016), however a balance of top-down and bottom-up
approaches are needed to address multiple scales of interactions (Chang et al. 2016). Although
conceptualizations of the WEF nexus have become increasingly complex, incorporating a
plurality of drivers and dimensions, there has been less rapid development and use of nexus
analytical approaches to assess and analyze WEF interactions (Foran 2015, Chang et al. 2016).
Existing nexus methods excel in specific applications (e.g. integrated modeling for
physical resource tradeoff evaluation), however calls abound for nexus-specific methods that
better represent cross-sectoral social, environmental, and technical challenges (Keairns et al.
2016, FAO 2014, Smajgl et al. 2016) and that incorporate the social, political, and institutional
context of water, energy, and food sectors (Allouche et al. 2015, Foran 2015). Many nexus
studies focus on dual-sector interactions, e.g. water-food or water-energy. Because of the watercentric nature of the nexus in many studies, researchers have found that “current Nexus analyses
are insufficiently cross-sectoral” (Smajgl et al. 2016: 533) to improve coordination of policies
across resource sectors and reduce unintended tradeoffs and impacts among water, energy, and
food security, all key elements of the sustainable development agenda. To identify, understand,
and analyze interconnections and interdependences among water, energy, and food systems,
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there is a need for all three dimensions to be considered together, and equally, through an
integrated analysis (Chang et al. 2016, Miralles-Wilhelm 2016, Smajgl et al. 2016). Integrated
analytical approaches that address the complexity of the three-pronged nexus may identify crosssectoral tradeoffs and internalize driving forces that might otherwise be overlooked in dualsector approaches (Miralles- Wilhelm 2016). Furthermore, the complexity of developing crosssectoral management and policies demands attention to the sociopolitical context of these
systems (Allouche et al. 2015, Foran 2015). Given the need to advance integrated analytical
approaches to study WEF systems and support cross-sectoral integration, this article focuses on
reviewing existing methods used in WEF nexus studies.
Previous studies have discussed subsets of nexus tools (e.g. FAO 2014), yet despite the
increasing use of the WEF nexus in scholarly literature and policy settings, few studies have
systematically reviewed the broad range of methods employed in the body of nexus literature.
There is need for a comprehensive review of, and critical reflection on, existing nexus methods,
emphasizing integrated and contextualized approaches, to identify best practices, improve
accessibility, and promote further advances in methods for nexus assessment (Keairns et al.
2016).
This paper reviews current WEF nexus analytical approaches to promote further
development of tools and methods that align with nexus thinking and address the complexity of
multi-sectoral resource interactions. “Nexus thinking” promotes consideration of the inherent
links among water, energy, and food resource systems and aims to overcome single-sector
approaches to resource governance (World Economic Forum 2011; Biggs et al. 2015). As
described by Keskinen et al. (2016, p. 3), the WEF nexus can serve in multiple roles – as an
analytical tool, a conceptual framework, or a discourse. As an analytical tool, a nexus analysis
systematically uses quantitative and/or qualitative methods to understand interactions among
water, energy, and food systems. However, the nexus has remained largely in the conceptual
domain (Smajgl et al. 2016). As a conceptual framework, the nexus approach leverages an
understanding of WEF linkages to promote coherence in policy-making and enhance
sustainability. Finally, as a discourse, the nexus concept can be used for problem framing and
promoting cross-sectoral collaboration (Keskinen et al. 2016: 3). Herein, we consider the various
tools and methods utilized analytically for nexus assessment. We refer to such tools (e.g.
quantitative models) and methods (e.g. participatory stakeholder workshops) generally as
analytical approaches, or specifically as methods or tools.
We begin by situating the WEF nexus in its historical and global policy context (Section
1). Section 2 describes the criteria used to select articles for our systematic review of WEF nexus
methods and how these articles were analyzed. Next, in Section 3, we present our findings that
characterize the diversity of nexus methods in the reviewed articles and derive key, normative
features of analytical tools and methods from the body of WEF nexus literature. We then analyze
existing nexus methods based on their contributions in these key areas – degree of innovation,
influence of context, degree of collaboration, and ability to address policy needs or implement
methods in practice. These key areas are further defined and described in Sections 2 and 3.3. In
Section 4, we identify and highlight 18 studies that demonstrate nexus methods that are wellaligned with nexus thinking. Our findings bring to the forefront the need for new nexus-specific
methods that advance our understanding of multi-sectoral interactions, system externalities, and
sustainable outcomes. To support further development of robust nexus methods, we highlight
examples of analytical approaches that explicitly address the sociopolitical context, combine
quantitative with qualitative data to advance interdisciplinary and mixed methods, and deeply
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engage with stakeholders and decision-makers. Such approaches provide a way forward for
advancing nexus assessments that promote socially and politically-feasible outcomes, as
discussed in Section 5.
1.1 The Water-Energy-Food Nexus on the Global Stage
We focus our analysis on the conception of the nexus as the linkages and interactions
among water, energy, and food systems (WEF). The WEF nexus has a relatively compressed
history and evolution, as reviewed by Scott et al. (2015). The rapid spread of green-revolution
agriculture, especially in intensively irrigated breadbasket regions (e.g. Punjab in South Asia,
Central and Northwest Mexico, and the Ogallala Aquifer area of the central U.S.), and the
subsequent recognition of groundwater-mining for food production (e.g. Jordan Valley and Disi
Aquifer in Saudi Arabia) highlighted the interactions among energy and water for agricultural
production and food security and gained scholarly attention.
Following initial attention in scholarly research and practice, reports by Hoff (2011) and
World Economic Forum (World Economic Forum 2011) were pivotal in moving the WEF nexus
concept into the limelight of global institutions. The timing and institutional provenance of both
were strategically important. Hoff (2011) was prepared as a concept piece for the Bonn2011
Nexus Conference; its main contributors included international policy think-tanks, agencies of
the United Nations (UN) and the German Federal Government, and crucially, global finance
bodies. This effort was admittedly conceptual, referring to water, energy, and food in relation to
ecosystem services, urbanization, globalization, the expanding discourse on security, and with
dual development objectives to strengthen poverty alleviation and the green economy (Figure 1).
Hoff (2011) proved a significant step in establishing the nexus concept and remains one of the
most widely cited reports on the WEF nexus.
The second high-impact report on the nexus by the World Economic Forum (World
Economic Forum 2011) aimed to strengthen global financial institutions’ investments in the
provision of water, energy, and food as resources for human use. This conceptual framework
focused on nexus linkages as they related to water, energy and food security (Figure 2).
Governance of these three strategic resources, as well as climate adaptation, occurs principally in
the public domain. By contrast, investment, profits, and losses in the private sector were
recognized by the World Economic Forum (2011) to represent the windfall opportunity of
current times. This built on recognition of water and energy infrastructure needs that had been
identified by the World Economic Forum in 2008 (World Economic Forum 2008). The 2011
World Economic Forum report features position statements of key representatives of
governments, UN agencies, international NGOs, multilateral and national public finance
institutions, and a large number of private businesses (commodity sales, product lines,
entrepreneurs, etc.).
Following publication of these pivotal reports, efforts to develop a knowledge base and
strategies for applying nexus thinking received increasing attention in research, development,
and policy. Much of this discussion has taken place in reports and other grey literature (e.g. in
publication outlets for which formal peer-review is not required). While the systematic review
we present in this paper focuses on the peer-reviewed literature, our review builds on reports
from the grey literature that have proposed or assessed WEF nexus methods in some detail (e.g.
Granit et al. 2013, IRENA 2015, LIPHE4 2013, RAND Corporation 2016). Most notable is FAO
(2014), which calls for formal assessments based on quantitative analysis, application of tools,
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and comparison of various interventions. The WEF nexus has been applied to analyze particular
resource issues, including irrigation, ethanol production, hydropower, forestry, desalination, and
bioenergy. Indicators, benchmarks, and tools are reviewed and collated in the FAO report. Case
studies utilizing tools and methods developed in the grey literature are often reported in peerreviewed articles. We include multiple such articles in our review. For example, de Strasser et al.
(2016) employ a methodology developed by the United Nations Economic Commission for
Europe (UNECE 2015).
In research, policy, and practice the nexus has only partially lived up to its potential to
identify and minimize tradeoffs at the level of resource use and production. However, the nexus
approach in this context has expanded from a set of input-output relationships to a broader
footprint understanding in which the implications of energy consumption for carbon mitigation
and climate adaptation have gained credence. Recent research on the WEF nexus addresses food
commodity chains, including transport and cooling, end-consumers, and waste and effluent
management (e.g. Vlotman and Ballard 2014, Villarroel Walker et al. 2014). WEF nexus studies
also contribute conceptual accounts for tradeoffs inherent in decisions to grow crops for biofuels
or for food (e.g. Moioli et al. 2016). Such expanded conceptualization has not been accompanied
by coordinated development of a comprehensive set of tools and methods for analysis and
quantification. Instead, methods have largely been borrowed or adapted from conventional
disciplinary approaches, e.g., efficiency analysis based on engineering process studies, economic
supply-chain and commodity-chain analyses, and agronomic soil-plant-water assessments. These
approaches provide a narrow perspective of water, energy, and food interactions, with limited
ability to capture the interconnections and interdependencies among the multi-sectoral systems,
thus perpetuating a fractured view of the three-pronged WEF nexus.
Nexus thinking is not appropriate for all contexts and problems. However, where a WEF
nexus perspective helps address water, energy, and food resource challenges, robust analytical
approaches will enhance the provision of multi-sectoral nexus solutions, in the form of integrated
policy, cohesive community decision-making, maximization of resource-use synergies, and
sustainable outcomes achieved through socially and politically-feasible strategies.
2.0 Methods
We searched the Scopus database for the keywords “water”, “energy”, “food”, and
“nexus” the abstract, title, and keywords of the database articles. We searched only publiclyavailable, peer-reviewed journal articles in the English language published through 2016. The
Scopus search resulted in 221 documents6. Recognizing the limitations of this search method
(e.g. that all nexus studies may not use these specific search terms), we also looked for articles
that used alternative language, such as irrigation, electricity, and agriculture, or that used our
search terms outside of the abstract, title and keywords to obtain an additional 24 articles (e.g. by
snowball sampling). Thus, a total of 245 articles were identified. Although selected articles were
limited to peer-reviewed works, tools and methods for nexus applications originally developed

6

Scopus has a greater journal coverage for all fields compared to other databases commonly used in research (e.g.
Web of Science). However, the Scopus database provides somewhat better coverage of natural science,
engineering and biomedical journals compared to social sciences, arts and humanities, and favors Englishlanguage journals (Mongeon and Paul-Hus 2016). To mitigate these limitations, we also conducted snowball
sampling.
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by non-governmental research and policy institutes (e.g. SEI, FAO, GIZ, UNECE) are applied
and tested in many of the selected works (e.g. de Strasser et al. 2016, Karlberg et al. 2015).
Articles were selected based on the following criteria: (1) they explicitly employ the
nexus concept in terms of natural resources sustainability; (2) they meaningfully include all three
resource sectors: water, energy, and food; and (3) they test or propose specific analytical tools
for evaluating the nexus. Articles that met only the first two criteria, but did not explicitly
propose or test analytical tools, were categorized as “conceptual”. Review papers were also
included in the “conceptual” category. Of the 245 articles identified, 25 articles (10%) were
classified as “conceptual”, 73 articles (30%) were classified as “methodological”, and 147
articles (60%) were excluded.
To ensure consistency of our review methods, articles were excluded if they did not meet
any of the selection criteria. For example, some articles did not engage with natural resources
sustainability and included the “nexus” as merely a buzzword. Many articles did not engage with
all three sectors ̶ water, energy, and food, for example, focusing solely on water-energy
interactions (see Endo et al. 2015a for a typology of the literature). Although the mention of all
three sectors was common, we excluded articles that only analyzed resource nexus interactions
between two sectors. Here we focus on the three-pronged nexus (at a minimum) because
addressing water, energy, and food systems is inherently more complex than a two-pronged
nexus and therefore, analytical approaches for assessing the WEF nexus need to consider this
added complexity. Finally, because a key aim of our analysis was to support the further
development of robust nexus methods, we also excluded papers that did not test or propose
specific analytical tools for evaluating the nexus.
We coded the subset of 73 “methodological” articles for information related to
publication (e.g. journal, year, journal discipline) and nexus methods (e.g. single discipline,
interdisciplinary, qualitative, quantitative, or both). We also examined (a) if the articles were
claiming a “new” method, combining multiple methods within a discipline, or using a single
method; (b) if the articles showed a preference for a certain sector; (c) if there was a case study;
(d) what the purpose or end-goal of the study was; (e) what the scale of analysis was; and (f)
major challenges or limitations in application of nexus method(s). Next, we conducted a
quantitative analysis of trends and characteristics of nexus methods reported in the literature (e.g.
number of publications over time, diversity of disciplines, frequency of various scales of
assessment, utilization of quantitative or qualitative approaches).
We reviewed all 25 “conceptual” articles to glean what data gaps, research needs, and
normative attributes were called for in relation to nexus tools and methods. We refer to these
normative attributes of nexus methods identified in the literature as “key features” of nexus
methods. These key features describe desirable qualities such as how methods help approach
nexus analysis, what information and data are included or excluded, how interdisciplinary
interactions are treated, and who is involved in the research.
We also compiled prescriptions for features of nexus methods or research needs from the
“methodological” articles, where applicable. From this review, based on more than 35
publications, we derived a set of four key features for nexus analytical approaches – innovation,
context, collaboration, and implementation – as discussed in Section 3.3. We then evaluated
stated methods from the 73 “methodological” articles according to these four key features in a
second round of coding. Innovation included methods that worked to address the complexity of
nexus interactions such as understanding WEF linkages, system dynamics, system boundaries in
new and novel ways. Context included methods that sought to understand the historical, social,
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political and/or economic dynamics of WEF systems as well as those that aimed to capture
multi-scalar system dynamics and were flexible or adaptable to different or changing conditions.
Collaboration included methods that encouraged broad participation and cooperation from
different sectors. Examples of such methods included inter-, multi-, or trans-disciplinary
approaches as well as methods that aimed to improve data-sharing. Implementation included
methods that sought to be applied in practice by being accessible to decision-makers, addressing
policy-relevant questions, and offering a systematic process to employ the method(s) in practice.
Recognizing the challenges of coding methods based on a broad classification, we focused on the
language describing methods in the “methodological” articles to guide our classification of
reviewed methods. We then identify and highlight 18 studies whose methods address multiple
key features identified in the literature as research needs and offer examples of promising nexus
approaches. The 18 studies as well as the key features of nexus analytical approaches, are
discussed further in Sections 3.3 and 4.0.
3.0 Characterizing Nexus Methods
Our review reveals that explicit and reproducible methods to assess water, energy, and
food systems together are limited. Only 30% of peer-reviewed literature reviewed (73 of 245
articles) present nexus methods or propose specific analytical tools. Those without explicit
methods instead utilize the nexus as a conceptual framework or offer descriptive accounts of
water, energy, and food systems.
Despite the lack of nexus methods presented in the 245 articles reviewed, analytical
approaches to assess WEF nexus are emergent and growing. The remainder of Section 3 presents
results based on analysis of the subset of “methodological” articles (n=73) that present specific
methods for nexus assessment. These include articles published through the end of 2016,
however, more than three-quarters (81%) were published in 2015 or 2016.
Coinciding with the increase in the use of the WEF nexus as an analytical tool, we found
WEF nexus methods have been widely published – 37 different journals are represented
spanning a broad range of disciplines. Of the articles reviewed, approximately 36% (26 articles
of 73 total) were published in journals focused on the water sector (e.g. hydrology, water
resources, and water policy). Studies were most often published in journals from the fields of
environmental sciences, social sciences, energy, and agricultural, and biological sciences (Figure
3), generally consistent with findings by Keairns et al. (2016). Most journals cover more than
one discipline (per categories defined in the Scopus database).
Although we only selected articles that meaningfully considered all three sectors – water,
energy, and food – our review of the selected articles revealed more than half (55%) showed
some preference for one sector, either in terms of framing the analysis or the discipline from
which the methods used are derived. Preference was most commonly given to the water sector
(21% of the total), which reflects the close relationship of the origin of the nexus concept to
water security and integrated water resources management (IWRM). Less than 10% focused
more so on either the energy or food sectors (8% and 7%, respectively), while 19% prioritized
two of the three sectors.
3.1 Diversity of Nexus Methods
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Analytical approaches for evaluating the WEF nexus are derived from various
disciplines. Our review revealed that numerous and diverse analytical tools have been used or
proposed for examining the WEF nexus and many studies combined multiple methods. Methods
that originate from the fields of environmental management and economics were most
commonly utilized (Figure 4). Methods from the field of environmental management were used
in 60% of studies (44 of 73); economic tools were used in 45% of studies (33 of 73). We also
discovered a broad range of social science methods (e.g. institutional analysis, Delphi technique,
agent-based modeling, participatory workshops), at least one of which was utilized in 26% of
studies (19 of 73). We tabulated and categorized WEF nexus tools and methods from all 73
“methodological” papers based on discipline and/or type of method in Table 1.
Methods used or proposed most often drew from existing disciplinary techniques. Most
studies utilized multiple tools, though these were often closely related. Approaches most
commonly featured a combination of tools from the areas of environmental management,
economics, indicators, metrics, or statistics and integrated models. Specific tools frequently used
include life-cycle assessment, input-output analysis, tradeoff analysis, footprinting, or integrated
models with scenario analysis. For example, input-output analysis or tradeoff analysis from the
field of economics is often paired with scenario assessment. Alternatively, other studies
integrated data from multiple sectors while using a single approach for analysis, e.g. via
computational modeling. For example, integrated physical models combine hydrologic,
agricultural, energy and climate data.
Approaches that combine tools or methods from disciplines with disparate epistemologies
are much less common (27%). For example, some studies pair policy analysis with tradeoff
analysis (Smidt et al. 2016) or policy analysis with water balance modeling (Scott 2011); others
combine hydrologic models with spatial analysis of demographic data and participatory scenario
analysis (Keskinen et al. 2015). We found a preference for quantitative methods — 70% of
studies used primarily quantitative approaches. Less than one-quarter (19%) used quantitative
and qualitative methods together, such as interview data and quantitative footprinting analysis
(e.g. Cottee et al. 2016). Only 10% relied on qualitative methods alone.
Further, few new tools or methods have been developed specifically to address WEF
nexus linkages. Examples of such new tools include integrated modeling platforms designed
specifically to address water, energy, and food interactions (e.g. Bekchanov and Lamers 2016),
economic functions devised to identify optimal tradeoffs among water, energy, and food
production and use (e.g. Perrone and Hornberger 2016), and interdisciplinary approaches that
incorporate participatory workshops and dialogues with stakeholders (e.g. de Strasser et al.
2016).
The diversity exemplified in the catalog of WEF nexus methods (Table 1) provides a
strong foundation for further development of nexus methods. While a detailed description of
each tool or method listed in Table 1 is beyond the scope of this paper, Table 1 is provided to
direct researchers and practitioners to examples of studies that cumulatively offer a breadth of
analytical approaches from diverse disciplines7.
Previous works offer detailed descriptions of many of these disciplinary tools, as
described in Table 2. For example, Keairns et al. (2016) review quantitative approaches
7

For definitions and descriptions of these methods, the reader is directed to Belcham 2015,
Given 2008, Lewis-Beck et al. 2004, Salkind and Rasmussen 1981 and the references listed in
Table 1.
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including life-cycle analysis and integrated models, and Semertzidis (2015) reviews tools
developed for the energy sector. We build on these earlier reviews to advance nexus methods
toward more integrative and comprehensive techniques.
3.2 Underlying Reason Studies Employ a Nexus Approach
In the 73 articles we reviewed, we discovered that a nexus approach was utilized to
address multi-faceted aims. By reviewing the stated aims for employing a nexus approach, we
found that studies most commonly aimed to improve resource-use efficiency or management,
enhance policy integration, and/or promote sustainable resource-use practices (Figure 5).
Resource-use efficiency or management and policy integration were cited in more than half of
the studies reviewed, and sustainability was mentioned in nearly one-half. Resource-use
efficiency and effective management is regarded as the outcome of considering synergies and
trade-offs among water, energy, and food sectors (De Laurentiis et al. 2016, Giupponi and Gain
2016) and optimizing inter-sectoral linkages (Endo et al. 2015a). A nexus approach was also
employed to improve decision-making when dealing with complex systems (Pittock et al. 2016)
and responding to system shocks (Howarth and Monasterolo 2016). Further, nexus approaches
were used for “identifying and eliminating contradictory policies” (Doukkali and Lejars 2015:
422), which is necessary to achieve integrated, and coherent, policies that address interconnected
resource sectors. Policy integration and improved coordination among agencies is commonly
understood to promote long-term sustainability (e.g. Li et al. 2013b). Although definitions of the
WEF nexus remain ambiguous in the literature, our results indicate that a nexus approach is
commonly employed to achieve similar goals.
3.3 Key Features of Nexus Methods
Studies on the WEF nexus frequently acknowledge the need to (a) meaningfully address
complex relationships, and interactions and feedbacks among water, energy, and food sectors
(e.g. Chang et al. 2016, Gain et al. 2015, Smajgl et al. 2016); (b) incorporate the dynamic context
of local conditions (e.g. Foran 2015, Mayor et al. 2015, Mohtar and Lawford 2016); and (c)
produce results usable in policy-making and resource management (e.g. Bazilian et al. 2011,
Guillaume et al. 2015, Siddiqi et al. 2013, Wolfe et al. 2016). However, we found that existing
nexus methods and tools have limitations in these areas. While many studies employ multisectoral approaches, they often borrow disciplinary tools not specifically designed to evaluate
nexus interactions and feedbacks. We found that many studies emphasize quantitative methods
that have limited ability to internalize local features – 70% of studies utilize quantitative
approaches alone. While quantitative approaches are well-suited for evaluating WEF nexus
system interactions and tradeoffs, qualitative methods can also offer important contributions to
the design and implementation of resource-use policies that are socially and politically feasible
(Endo et al. 2015b). There is a stated need for nexus assessment results to be easy to implement,
however, few studies incorporate practices that specifically address policy uptake and on-theground implementation (e.g. participatory stakeholder engagement; collaborative research;
relevant scales of analysis).
Noting the disparity between how robust nexus methods are described in the literature
and how methods are implemented in case study assessments, we derived a concise and
functional set of key features, or normative attributes, for nexus analytical approaches by
synthesizing the recommendations found in the literature (Figure 6). The nexus literature calls
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for methods that address: innovation, context, collaboration, and implementation. The attributes
of each of these four key features are broadly discussed below.
3.3.1 Innovative Methods
New methods and tools are needed to reflect current conceptual framings of the nexus.
There is a need to better define system boundaries, quantify and model integrated linkages, and
address governance issues (e.g. Keskinen et al. 2016, Keairns et al. 2016, Leck et al. 2015),
including the political economy of water, energy, and food systems (e.g. Allan et al. 2015,
Middleton et al. 2015, Allouche et al. 2015, Biba 2016). Achieving these goals is no small task.
However, there is a foundation of work to build upon. The importance of system boundaries
along with their complexity are described in Garcia and You (2016). Because some
simplification is always necessary when modeling, how system boundaries are delineated is
critical, and should reflect the study aims. Boundaries must be appropriately scaled — large
enough to capture the necessarily details, yet small enough to be manageable. Care needs to be
given to this process, as boundaries that are far from static shape research assumptions and
outcomes (Garcia and You 2016). Reviews by Chang et al. (2016) and Miralles-Wilhelm (2016)
identify limitations in current quantitative approaches to nexus studies — namely how analytical
and policy tools are fragmented, focusing on individual sectors, aggregate spatial scales or
impracticably long timeframes — and offer direction for developing robust analytical approaches
that aim to tackle the intersection of all three resources: water, energy, and food. Approaches that
explicitly focus on interactions and feedbacks are needed. Finally, research is needed that
integrates quantitative and qualitative methods in order to achieve greater breadth and depth of
analysis, and to bridge physical, social, economic, and technological dimensions of the WEF
nexus.
3.3.2 Methods That Address the Influence of Context
The highly site-specific nature of the nexus linkages stresses the need for methods that
consider local context. As Foran (2015) points out, context is critical for understanding social
dynamics. While nexus research is rapidly expanding, understanding of the nexus’ socio-political
context has not been advancing similarly (Foran 2015). This includes recognizing the importance
of the historical, institutional, and political context of water, energy, and food interactions and
how they shape nexus outcomes in terms of political economy. Furthermore, with nexus
interactions occurring across scales (in both time and space), nexus methods should consider the
multi-scalar relationships of water, energy, and food systems (Hoff 2011, Bazilian et al. 2011,
Daher and Mohtar 2015, Smajgl et al. 2016, Scott et al. 2011). Finally, flexibility is an important
attribute of nexus assessments, particularly to tailor methods to various geographic regions
(Miralles-Wilhelm 2016) and spatial and temporal dynamics (Chang et al. 2016), to allow for
transferable principles across scales (Guillaume et al. 2015), and to incorporate new knowledge
(Zimmerman et al. 2016). Considering how the resource nexus affects, and is affected by, sociopolitical systems also contributes toward achieving more inclusive and sustainable futures
(United Nations 2015).
3.3.3

Collaborative Approaches
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Collaborative and participatory approaches serve nexus aims in two main ways: (1) they
contribute new sources of knowledge to inform nexus conceptual models and quantitative model
parameterization and (2) they help align nexus assessments with stakeholders’ needs. While
many studies call for nexus methods to be more holistic (e.g. de Strasser et al. 2016, Foran 2015)
and include broad representation of actors (e.g. Mohtar and Lawford 2016), we argue that
methods should enable cross-sectoral coordination and collaboration to address the broad scope
of the nexus. Participatory processes, convergence thinking, and transdisciplinary approaches
can effectively bring more voices and new perspectives into the discussion, support knowledge
sharing, and effectively inform decision-making (Wolfe et al. 2016, Howarth and Monasterolo
2016). Diverse perspectives help identify and characterize critical nexus attributes, but also shed
light on stakeholders’ values. As the lack of adequate data is a common limitation for studies
using robust nexus methods (Ringler et al. 2013, Wolfe et al. 2016), data sharing platforms are
needed to enable collaborative approaches (Wolfe et al. 2016, Gallagher et al. 2016) and should
be transparent (Ringler et al. 2013).
3.3.4 Methods That Address Policy Needs or Are Feasible to Implement in Practice
Implementing the nexus to achieve desired results requires nexus assessments to be both
operational in practice and closely attuned to policy and planning needs. There is a need for
nexus analytical methods — articles that present directions for systematically assessing water,
energy, food systems with corresponding case studies — to operationalize the nexus. Producing
results that (1) address relevant policy questions and (2) are accessible and usable by policymakers and community decision-makers is challenging due to the inherent complexity of nexus
questions, the interdisciplinary nature of nexus approaches, and the disconnect between research
and policy arenas. However, transdisciplinary and participatory approaches, policy and
institutional analyses, and scenario development can all help link nexus research with decisionmaking to influence policy and management. This integration requires science-policy dialogues
to identify shared objectives, match spatial and temporal scales, and develop institutional
mechanisms to facilitate policy coordination as described in Rasul’s (2016) proposed policy
framework for managing the WEF nexus. Additionally, as Gallagher et al. (2016) suggest,
researchers need to work with stakeholders to see what is politically acceptable, feasible, and
where there is space to make improvements in policies (p. 14).
4.0 Select Examples of Nexus Methods
We used the key features of nexus analytical approaches, summarized in Figure 6, to
categorize and analyze our sample set of 73 articles. We compared each article’s methods to the
key features: degree of innovation, influence of context, degree of collaboration, and ability to
address policy needs or implement methods in practice to see how current nexus analytical tools
address the stated needs for nexus assessments described in the literature. Broad conceptual
frameworks, such as the WEF nexus, allow for a plurality of approaches and their wide-reaching
aims make it difficult for any single tool to be wholly sufficient. From the 73 articles analyzed,
we highlight 18 articles that address multiple key features and represent the variety of methods to
apply the nexus concept. These articles are summarized in Table 3. Although we focus on these
18 articles in Table 3, in this section we also highlight other articles from our sample set (n=73)
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that make important contributions in terms of innovation, context, collaboration, or
implementation.
In Table 3 we summarize each approach, stating the methods used, availability of tools,
data requirements, co-benefits, and stated limitations of each method. We offer Table 3 as a
resource to help researchers and practitioners select and employ analytical approaches for nexus
research, based on these examples of how different combinations of tools can be applied in
different nexus contexts. We hope that these articles and their associated methods will not only
contribute to a knowledge base of current approaches aligned with nexus thinking, but also
promote continued development and evolution of robust nexus methods by demonstrating
various ways in which nexus assessments can address innovation, context, collaboration, and
implementation.
4.1 Examples of Innovative Methods
There are a host of studies that offer innovative methods to help quantify linkages and
interactions among sectors, conceptualize dynamic feedbacks, and support mixed-method
approaches to better understand WEF systems. Analytical methods used to represent nexus
interactions are being improved by using robust analytical approaches (e.g. Howells et al. 2013,
Villaroel Walker et al. 2012, 2014), new data (e.g. Semertzidis 2015 for use of remotely sensed
data), as well as interactive data sharing platforms (e.g. Wolfe et al. 2016 on “cyber-platforms”).
Perspectives such as systems-thinking, are used in new ways to shed light on sectoral feedback
and system change using iterative (e.g. Halbe et al. 2015) or dynamic approaches (e.g. Smajgl et
al. 2016).
We also see models being combined in novel ways to integrate physical, technical, social,
and economic components of the nexus (e.g. Bazilian et al. 2011, de Strasser et al. 2016, Howells
et al. 2013, Ringler et al. 2016, Semertzidis 2015, Welsch et al. 2014, Yang et al. 2016a, b).
Many integrated models utilize a module-based design that supports integration of sectoral
models, while also creating a tool that is flexible and able to accommodate new inputs or module
extensions. Decision-support tools are being created by combining physical models with scenario
analysis. Scenario analyses allow decision-makers to compare the impact of different policies or
actions on the physical/economic system being modeled. Scenarios may be based on
participatory or user input, climate change projections, or proposed resource management
policies. Additional features such as sensitivity or uncertainty analyses (e.g. Villarroel Walker et
al. 2012) can also make these approaches more robust.
Lastly, using mixed-method approaches, authors combine qualitative and quantitative
methods to attain a more holistic understanding of WEF systems than could have been achieved
individually (e.g. Stucki and Sojamo 2012, Karlberg et al. 2015, Smajgl et al. 2016, Guillaume et
al. 2015, Endo et al. 2015b, de Strasser et al. 2016). Endo et al. (2015b) compile and evaluate
qualitative and quantitative methods from interdisciplinary and transdisciplinary approaches that
can be combined sequentially to assess the WEF nexus. Endo et al. (2015b) suggest that
qualitative methods, such as questionnaire surveys, ontology engineering, and integrated maps,
can be used to describe the WEF nexus in different study contexts, design relevant analytical
models, and guide research to address policy needs. Using a combination of mixed-methods, or
selecting the most applicable approach for the site context, can provide a broader and deeper
understanding of nexus interactions than studies that employ only one method (Endo et al.
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2015b). This sequential approach provides the opportunity for participatory research design,
iterative nexus analysis, and evaluation of policy options.
4.2 Methods That Address The Influence of Context
Nexus drivers and interactions are often case-specific – a result of the local geography,
climate, economy, history, resource demand, and other contextual factors. Although social
science methods were used in only 19 studies (26% of the total, see Table 1), these papers offer
important insights into the contributions that social science methods make toward designing
integrated policies and achieving equitable nexus tradeoffs by elucidating critical social,
political, and historical dimensions of resource security.
Researchers address the local context by adjusting methods to the appropriate scale and
boundaries of analysis, designing studies to be case-specific or assessing socio-political factors
with qualitative analyses. We highlight a few examples here. Guillaume et al. (2015) examine
how to delineate appropriate boundaries for nexus assessments, how different system boundaries
affect outcomes, and how inclusion/exclusion of different subsystems can alter nexus
interactions, concluding that nexus boundaries need to be defined on a case-by-case basis. For
example, they examine nexus interactions within politically relevant spatial units defined by a
combination of river basin boundaries and economic regions (Guillaume et al. 2015). To better
address the underlying power relations of the resource nexus, Foran (2015) analyzes discourses,
institutions, and individual interests to understand how uneven development practices are deeply
embedded in social structures and political contexts. A historical and institutional analysis by
Soliev et al. (2015) helped to identify multiple factors (i.e. economic, social, and political) that
hinder or enable integration across sectors. Similarly, Villamayor-Tomas et al. (2015) use an
institutional analysis to explore the role of institutions and actors in facilitating or limiting nexus
integration. Understanding this complexity is a first step to develop appropriate policy and
management strategies for WEF systems (Soliev et al. 2015). Other papers highlighted in Table 3
emphasize a case-specific approach to incorporate influential aspects of the local context (e.g.
Halbe et al. 2015, de Strasser et al. 2016).
4.3 Examples of Collaborative Approaches
Many of our highlighted studies demonstrate the role of stakeholders in advancing nexus
assessments. Transdisciplinary methods aim for broad participation and to incorporate
knowledge from various sources, such as academic research, on-the-ground practitioner
experience, and local knowledge (Mauser et al. 2013). By participating in the research process,
stakeholders help guide the research questions, and study design. Transdisciplinary approaches
are used to identify inter-sectoral relationships, achieve more holistic assessments, and improve
integration of policy among sectors (Endo et al. 2015b).
Such approaches can offer insight into the social dynamics of the nexus. Howarth and
Monasterolo (2016) use a transdisciplinary approach and participatory processes to work with
decision-makers to identify barriers to integration across sectors and improve resource policy. To
capture a range of perceptions, Halbe et al. (2015) engage stakeholders in individual, group,
organizational, and government level decision-making to co-develop resource governance. By
implementing an iterative approach, stakeholders’ conceptual diagrams of water, energy and
food resource system interactions inform the design of quantitative nexus models which are
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subsequently used to promote utilization of sustainable WEF strategies (e.g. grey water recycling
or aquaponics) through improved community or organizational education.
4.4 Methods That Address Policy Needs or Are Feasible to Implement In Practice
Most nexus studies aim to improve coordination and integration of sector-based resource
policies. Strategies to better address policy needs include scenario analysis, site-specific research
designs, and engaging stakeholders and policy-makers in participatory activities. Many of these
strategies also are used to address other key features of nexus methods, as discussed above.
As discussed in Section 4.1, quantitative studies commonly incorporate scenario analyses
to make results of integrated modeling assessments useful in decision-making. If computational
models provide the ability to test realistic options (Endo et al. 2015b), this combined approach
can be useful for linking nexus assessments with decision-making (e.g. Ringler et al. 2016, Topi
et al. 2016, van Vuuren et al. 2015). Other nexus studies focus on improving data availability,
data systems, and analytics to produce “actionable decision support” for multiple users, including
decision-makers, practitioners, and researchers (Wolfe et al. 2016: 174). Advanced visualization
of cross-sectoral trade-offs also helps decision-makers develop and explore alternative resource
management plans (Hurford and Harou 2014). Howarth and Monasterolo (2016) rely on
transdisciplinary and participatory processes that actively engage stakeholders in producing
nexus knowledge that reflects stakeholder concerns and perspectives. Through an iterative
process of multiple participatory workshops with diverse stakeholder groups, topics of interest
and important themes were identified by stakeholders themselves.
To make nexus assessments feasible for on-the-ground implementation, authors use a
variety of approaches that either make assessment methods more generalizable or, conversely,
provide detailed methods to address site-specific questions. Guillaume et al. (2015)’s approach
derives transferrable principles of WEF nexus management from multiple case studies. In
contrast, de Strasser et al. (2016) present a step-by-step participatory nexus assessment
methodology, designed to draw out details to clarify site-specific nexus interactions.
5.0 Conclusions
In this paper, we have addressed the need for a knowledge base of WEF nexus methods
that exemplify the nexus conceptual approach for addressing the inherent complexity of water,
energy, and food resource interactions. We reviewed the current state of research on nexus
analytical approaches and provided (1) a catalog of nexus tools and methods (see Table 1); (2) 18
articles demonstrating promising methods (see Table 3); and, (3) four key features of WEF
analytical approaches derived from the body of WEF literature (see Figure 6). By providing
these resources for researchers and practitioners looking to conduct nexus assessments, this
paper promotes the coordinated development of nexus-specific tools and methods that align with
nexus thinking.
Our review and analysis reveal that nexus methods are not clearly correlated with nexus
conceptualizations, a disjuncture that may limit progress toward improved WEF resource
management, harmonized cross-sectoral resource policies, and sustainable outcomes across
water, energy, and food systems. We found that integrated models, economic tools, and
environmental management approaches have dominated the landscape of nexus methods, and,
while these established techniques offer many useful approaches, new perspectives that expand
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our understanding of WEF interactions and independencies are needed. Such methods designed
specifically for nexus analysis also need to address the social and political context of water,
energy, and food systems to achieve optimal solutions.
The nexus concept can be better operationalized as an analytical tool by utilizing
approaches that address the four key features identified in this review – innovation, social and
political context, collaboration, and implementation in policy and practice. Promising approaches
we identified include using interdisciplinary and mixed-methods, and incorporating
transdisciplinary or participatory approaches. Further, analyses should target policy- and
community-relevant scales. Interdisciplinary and mixed-method approaches that combine
quantitative and qualitative methods from multiple disciplines are needed to address the physical
and social aspects of water, energy, and food systems. The contribution of social science
approaches here is significant, particularly for understanding the social and political context of
WEF interactions and feedbacks for resources efficiency, policy integration, and sustainable
development. While data from multiple sectors are often utilized, transdisciplinary and
participatory approaches that work with stakeholders, decision-makers, and policy-makers in
water, energy, and food fields can help align nexus research with policy needs and support its
utilization in practice. Further, nexus methods and tools must be made available for use by
practitioners and researchers.
Given the plurality of drivers and dimensions of the WEF nexus, we support the use of
multiple approaches to help find innovative ways to study WEF nexus interactions, address local
context, promote collaboration, and address policy needs and support implementation in practice.
Developing approaches that provide useful and relevant information to guide inter-sectoral
policy coordination is crucial. While many studies offer decision-support, nexus assessments can
better link with policy outcomes by drawing from diverse knowledge bases and deeply engaging
both stakeholders and decision-makers. Overall, while the WEF nexus offers a promising
approach to addressing complex resources and development challenges, it begs more nuanced
methodological development to be more effective as a policy-relevant approach.
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Network analysis (1)

Zimmerman et al. 2016

Geospatial

12 studies (16%)

Spatial analysis (11)

Daccache et al. 2014, Endo et al. 2015b, Giupponi and Gain 2016,
Guillaume et al. 2015, Karabulut et al. 2016, Keskinen et al. 2015, Mukuve
and Fenner 2015b, Scott and Sugg 2015, Sharma et al. 2010, Smidt et al.
2016, Talozi et al. 2015

Remote sensing (2)

Sanders and Masri 2016, Sharma et al. 2010

Hydrologic modeling

9 studies (12%)

Hydrologic modeling (e.g. SWAT,
Vmod, WaterGAP, SEAWAT,
floodplain modeling) (6)

Endo et al. 2015b, Guillaume et al. 2015, Karabulut et al. 2016, Keskinen et
al. 2015, Sharma et al. 2010, Yang et al. 2016b

Water management models (e.g.
WEAP, IRAS-2010) (3)

Daccache et al. 2014, Hurford and Harou 2014, Scott 2011

Energy modeling

2 studies (3%)

Energy models (2)

Bekchanov and Lamers 2016, Heckl et al. 2015

Food systems

2 studies (3%)

Caloric-demand analysis (2)

Mukuve and Fenner 2015a, b

Source-to-service resource

Mukuve and Fenner 2015a, b
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modeling (2)
Table 1: Catalog of WEF nexus methods used in the sample set, categorized by discipline. The number of studies
and the percentage of total studies (n=73) that utilized at least one method from each discipline-based grouping is
summarized in grey-shaded subheadings. Many studies used more than one method; thus, percentages listed by
category do not add to 100%. The number of studies utilizing each method is summarized in the first column,
following the method name. Citations are provided for specific methods used. For methods used by more than five
studies, we underline citations to direct the reader to prominent examples that demonstrate each method.

Citation

Description of nexus methods covered
Reviews systems thinking and multi-criteria tools whose boundaries are broadly defined to
Bazilian et al. 2011
include water-energy-food nexus topics. Emphasis is placed on integrated assessment models.
Reviews a selection of qualitative and quantitative methods that support interdisciplinary and
transdisciplinary research approaches for nexus studies. Broadly, these include questionnaire
Endo et al. 2015a
surveys, ontology engineering, integrated maps, physical models, benefit-cost analysis,
integrated indices, and optimization management models.
Reviews nexus studies. In terms of methods, covers quality-of-life and product studies, largeKeairns et al. 2016
scale system models (e.g. WELMM, MESSAGE, MuSIASEM, CLEWS and IMAGE), life
cycle and supply chain approaches, data sharing, and scenario analysis.
Categorizes and reviews top-down and bottom-up modeling approaches relevant to a nexus
Semertzidis 2015
context. Eight energy, economic, and/or policy-relevant models are discussed in more detail
(OSeMOSYS, MARKAL/TIMES, LEAP, GTAP, DynEMo, POLES, PRIMES, and E3ME).
Table 2: Contributions of previous nexus review studies.
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Foran 2015

Regional

VillamayorTomas et al.
2015

Local, National

Method
Quantitative
Quantitative & Qualitative

Local, Regional

Wolfe et al.
2016

Tool/method
availability

Co-Benefits

• Multi-Sectoral Systems
Analysis (combines
Substance Flow
Analysis, metabolic
performance metrics,
and Regionalized
Sensitivity Analysis)
• Scenario analysis
• Systems informatics
• Information analysis
• Systems analytics
• Decision support
systems
• Scenario analysis
• Transdisciplinary
design

Analysis framework
developed in
Matlab. Not
publicly-available.

• Integrated systems
approach
• Estimates economic
benefits
• Facilitates decision-support

• None stated

Data obtained from
publicly-available
databases from
national governments
& international
organizations.

Cyber-physical
framework for
systems informatics,
information analysis
methods & tools,
systems analytics &
decision support
(proposed).

• Facilitates sharing &
integration of
interdisciplinary datasets
• Support for problem
solving & decision-making
• Framework for engaging
stakeholders & developing
communities-of-practice

• Limited data available
at different scales (p.
176) & across a
variety of systems (p.
173)

Generally, need better
data coverage at
various scales
&improved data
sharing among
researchers &
organizations.

Approach described
and referenced
within VillamayorTomas et al. 2015.

• Value-chain analysis
identifies input-output &
causal relationships
• NAS accounts for actors’
decisions
• IAD assesses role of
institutions

Combination of
primary (i.e. semistructured interviews,
focus groups &
surveys) & secondary
data (i.e. academic
literature).

References for
methods used are
provided within
Foran 2015.

• Offers social structure &
political context to the
WEF nexus

• Focus on provisioning
services
• Limited evaluation of
institutional levels in
various collective
choice & operational
situations
• Lacks attention to
political and
negotiating power
among actors (p. 750)
• Limited analysis of
system dynamics

Qualitative

City

Villarroel
Walker et al.
2014

Methods Used

• Institutional Analysis
and Development
(IAD) Framework
• Value chain analysis
(as "Networks of
Action Situations"
(NAS))

Qualitative

Scale

Citation

• Delphi process
• Historical analysis
• Critical discourse
analysis

Stated limitations

Data requirements

Not specified.
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Quantitative

Regional

Hurford and
Harou 2014

Regional

Karlberg et
al. 2015

Quantitative & Qualitative
Quantitative & Qualitative

Regional

Endo et al.
2015b

• Multi-criteria search
(optimization)
algorithm
• Tradeoff simulator
• Visual analytics
• Water management
modeling

IRAS-2010 (opensource),
ɛ-NSGAII
algorithm.

• Investigates how new
investments impact
tradeoffs
• Visualization assists
communication and
decision-making
• Can analyze large solution
sets

•

Questionnaire
surveys
•
Physical models
•
Benefit-Cost
Analysis
•
Integrated
Indices
•
Optimization
Management Tools
•
Ontology
Engineering
•
Integrated Maps

Varies, discussed
within Endo et al.
2015b.

• Interdisciplinary
modeling
• Stakeholder mapping
• Interviews
• Participatory scenario
planning and analysis
• Strengths, weaknesses,
opportunities, threats
(SWOT) analysis

WEAP, LEAP,
participatory
approach with
stakeholders and
scientists.

• Synthesizes across spatial
& temporal scales
• Qualitative methods
facilitate inter- &
transdisciplinary
collaboration & feasibility
of cross-sector policies
• Quantitative methods
estimate impacts of
endogenous & exogenous
factors, compare costs &
benefits, provide thresholds
to inform decisions, &
optimize allocations
• Robust water resources/
biomass, & energy/climate
modeling modules
• ‘Story And Simulation’
approach translates
qualitative scenarios into
quantitative assessment
• SWOT analysis facilitates
decision-making
• Iterative process helps gain
stakeholders support for
resultant solutions/policy

• Does not include
capital & operational
costs or non-waterrelated benefits
• Does not consider
uncertainty of future
flows
• Requires information
on ecosystem services
& resource use for
objective functions
• Integrating various
spatial & temporal
scales
• Different methods
appropriate for
different cases,
contexts & stages of
assessment (p. 5822)

• Limited in scope
• Does not include
qualitative aspects of
water, spatio-temporal
aspects of hydrologic
regime, & ecological
processes

Resource demand
data. Flow &
abstraction. Revenue
& deficit data. Flow
alteration.
Stakeholders to
define metrics &
objectives.

Questionnaires,
ontology engineering
& integrated maps
require data obtained
through participatory
processes. Benefitcosts analysis,
indices, & physical
models require
primary data &
measurements.
Interdisciplinary
teams needed.
WEAP, LEAP, &
participants.
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National

Daher and
Mohtar 2015

Quantitative & Qualitative
Quantitative

Regional, National

Stucki
and Sojamo
2012

Qualitative
Qualitative

Howarth and
Monasterolo
2016

National

National

Halbe et al.
2015

• Quantitative indicators
• Critical discourse
analysis

Approach for this
study was described
within Stucki and
Sojamo 2012.

• Quantitative indicators
reduce complexity & allow
for comparison
• Critical discourse analysis
examines global political
economy context to identify
external drivers

• Linkages between
indicators complex
without computerized
approaches
• Data combinations &
degrees of certainty
vary
• Need to address
uncertainty (p. 415)

Indicator data were
collected from
publicly available
sources, mostly grey
literature. Discourse
analysis was
conducted on
academic & grey
literature.

• Input/output
• Systems modeling
• Focus groups
• Scenario planning

WEF Nexus Tool
2.0. Free, available
online.

• Designed for Qatar
• Limited to national
scale

National level
percentages of water
& energy use,
sources, agricultural
production, food
importation.

• Stakeholder analysis
• Participatory Model
Building
• Causal Loop Diagrams
(CLD)
• Learning assessment

Methodology
described and
referenced within
Halbe et al. 2015.

• Offers platform to evaluate
scenarios & identify
resource allocation
strategies
• Quantitative & input/output
approaches facilitate
scenario comparison
• CLDs are used to collect &
compare stakeholder
perspectives
• Learning assessment fosters
knowledge and skill
development that facilitates
implementation
• Participatory model
building engages
stakeholders to identify
strategies & barriers

• Participatory
workshops

Participatory
workshops
described within
Howarth and
Monasterolo 2016.

• Identifies stakeholders’
concerns to inform nexus
decision-making,
collaboration &
communication
• Engages a diverse group of
stakeholders in knowledge
production

• Limited to qualitative
analysis
• Requires substantial
simplifications
• Difficult to resolve
conflictual or
redundant information
• Challenging to utilize
CLD data due to a
high number of
variables & causal
linkages (p. 890)
• Limited sample size &
geographic
representation of
participants (p. 56)

Stakeholder
participation.

Stakeholder
participation.
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Transboundary

de Strasser
et al. 2016

Quantitative
Quantitative & Qualitative

National

Howells et
al. 2013

Quantitative & Qualitative

Transboundary

Guillaume et
al. 2015

• CLEWs (Climate,
Land-use, Energy and
Water) integrated
model (modules
include WEAP, LEAP
and AEZ sector-based
quantitative models)
• Scenario analysis

Maintained by the
International Atomic
Energy Agency
2009; modules
developed by
Stockholm
Environment
Institute.

• Questionnaires
• Workshops/meeting
• Demographic data
analysis
• Nexus dialogues
• Resource flows
• Document analysis
• Governance analysis
• Indicators

Transboundary
River Basin Nexus
Approach
(TRBNA). Six-step
methodology
available from
UNECE.

• WaterGAP global
water model
• Spatiotemporal
assessment
• Historical analysis

WaterGap Model
developed by
Universities of
Kassel and
Frankfurt. Not
publicly-available.

• Robust quantitative
modeling integrates
multiple sectors and their
interactions using an
iterative, module-based
approach
• Integrates climate scenarios
• Investigates
interdependencies of and
trade-offs among resource
systems to inform coherent
policy-making
• Builds on existing
modeling methodologies
• Proposes policy & technical
actions across scales
• Involves key economic
sectors in decision-making
in transboundary contexts
• Encourages cross-sectoral
dialogue & transboundary
cooperation
• Identifies stakeholder
priorities to develop
operational solutions
• Offers five transferable
principles to relate case
study to global trends
• Considers role of
subsystems outside of WEF
nexus, e.g. water resources
• Engages global-scale data
(to increase comparability)
along with local data
• Engages with global drivers
(development,
globalization)
• Considers the effect of
system boundaries &

• Time-intensive &
data-intensive
• High model
uncertainty

Detailed biophysical
datasets & climate
scenario data.

• Ambiguous definitions
• Inconsistent indicators
• Does not address
financial social, &
power issues
• Water-centric

National &
international
statistics, river basin
management plans,
interviews &
questionnaires with
experts, existing
databases & reports,
stakeholder
participants.

• Utilizes modeled data
versus measurements
• Many assumptions in
model (p. 4212, 4223)
• Water-centric

Publicly-available,
monthly water
availability &
consumption data.
Publicly-available
socio-economic data.
Regional datasets
integrated when
available.

214

Yang et al.
2016b

8

Transboundary

Quantitative & Qualitative

Transboundary

Soliev et al.
2015

Quantitative

Transboundary

Smajgl et al.
2016

Quantitative & Qualitative

externalities

• Delphi technique
• Participatory processes
• Agent based modelling
• Scenario analysis
• Qualitative relationship
and stochastic
approaches
• Static comparative
analysis
• Cause-effect chains
• System diagrams
• Historical analysis
• Institutional analysis

Mixed-method
participatory
approach,
monitoring and
evaluation and agent
based modeling
described within
Smajgl et al. 2016.

• Identifies advantages of
sectorally-balanced,
dynamic nexus approach
• Minimizes sector-related
biases
• Robust characterization of
nexus interactions
• Engages experts &
stakeholders to address
policy-needs

• Bias & preconceptions
about causal
relationships possible

Historical analysis
described within.
Utilizes
Williamson’s
framework8 of
institutional analysis
(p. 2734).

• None stated

The data were
gathered through
archival research (e.g.
laws, decrees,
agreements,
declarations, etc.).

• Hydrologic modeling
• Hydro-economic
modeling
• Ex-post scenario
analysis
• Decision-scaling
framework

BRAHEMO
(BRAhmaptura
HydroEconomic
Model). Climate and
land use change
scenarios.
Methodology
applicable

• Facilitates understanding in
complex institutional &
resource environments
• Benefit-sharing approach
facilitates transboundary
cooperation
• Historical & institutional
approach informs policy by
reconciling global
objectives with local
economic goals
• Highlights indirect costs
associated with benefits
• Assess different drivers of
the WEF nexus
• Evaluates development and
climate change scenarios
• Identifies impact of climate
& competing water needs
• Coupled approach supports
policy-relevant solutions

• Not comprehensive
• Simplistic thresholds
• Social drivers difficult
to estimate
• Population growth not
modeled
• Simplifying
assumptions &

Agricultural,
hydropower,
domestic water use,
groundwater pumping
and streamflow data
are needed. Climate
scenarios & potential
water diversions.

Experiences of local
experts.

See Williamson 1998.
215

worldwide, with
sufficient data.

Quantitative

Global

Ringler et al.
2016

• Global computable
general equilibrium
model (GLOBE)
• IMPACT3 (modular
integrated assessment
model)
• Scenario analysis

Approach is
described within.
Links GLOBE
model with IFPRI’s
IMPACT v39 (p.
162).

inherent uncertainty.
• Limited applicability
due to data
requirements (p. 27)
• Facilities a detailed analysis
of the effects of WEF
shocks
• Assesses impact of changes
in global fossil fuel prices
• Examines climate scenarios
• Examines role of pricing &
other economic tools for
addressing nexus tradeoffs
• Assess impacts of direct &
indirect shocks to food
sector

• Relies on economic
models
• Mostly quantitative
data sources
• Limited drivers of
change considered

Details about input
data and scenarios are
included in
Appendices within.
GTAP 8.1 database
utilized to calibrate
the GLOBE model.
Model was run with
the HADGEM2-ES.

Table 3: Summary of select examples of nexus tools and methods.

9

See Robinson et al. 2015
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Figures

Figure 1: Water-Energy-Food Security Nexus from Hoff (2011). Source: Understanding the Nexus: Background
paper for the Bonn2011 Nexus Conference, Stockholm Environment Institute, 2011. Reprinted with permission.

Figure 2: Water-Energy-Food Security Nexus from World Economic Forum. Source: Global Risks 2011 (Sixth
Edition), World Economic Forum, Switzerland, 2011.
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Figure 3: Number of articles published in a journal categorized under the disciplines listed. For example, 60 of the
articles reviewed were published in a journal categorized in the “Environmental sciences.” Most journals are listed
in more than one category; thus, the totals of all categories exceed the total number of articles. Other categories not
shown in the figure were mentioned less than five times each: “Business”, “Chemical Engineering”, “Medicine”,
“Computer science”, “Psychology”, “Nutrition”, “Economics”, “Earth and planetary sciences” and “Decision
sciences”. One journal was not categorized in Scopus.
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Figure 4: Number of articles using one or more method from each category. Many studies used more than one
method, thus total methods exceed the total number of studies reviewed.
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Figure 5: Number of articles stating one or more underlying aims for utilizing a nexus approach. Many studies stated
more than one aim; thus total exceeds the total number of studies reviewed. ‘Sustainability’ includes sustainable
resource practices and sustainable development; ‘policy integration’ includes improving policy- and decisionmaking, enhancing policy coherence and integration and improving resource governance; ‘resource efficiency’
includes improving resource use and system efficiency, and resource management. ‘Cooperation’ and ‘social equity’
(not shown in plot) were an underlying aim in one study each.

Figure 6: Key features of WEF nexus analytical approaches with corresponding representative studies.
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