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Visualizing Hydropower across the Himalayas:
Mapping in a time of Regulatory Decline

This paper introduces the busy field of
hydropower development in the Himalayan
region of the GBM basin to press the urgency
for greater information and data exchange.
The paper provides an example of a mapping
method and a database that will add to the
existing online sources of information and
analysis offered by nongovernmental agencies
and some government departments.

This project contributes to the general aim
of many citizen groups to limit, monitor

and regulate the practices of hydropower
companies and the management of their
infrastructure in the GBM. The monitoring
pressure from citizen groups and science
projects continues to serve as an important
replacement to the weak functioning of the
country environment ministries and corrects
the corruptions of the license raj that plaque
project deals and environmental clearances.
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These citizen motivated knowledge exchanges,
especially through online portals and social
media, can even push for better transnational
instruments for formal governmental data
sharing.

Keywords: Ganges-Brahmaputra-Meghna basin, hydroelectric,
dams, hydropower, India, GIS.



Introduction

As the discussion widens on the types of commissions,
citizen organizations and nation-state treaties needed

to ensure sustainable river basin management and solve
common problems in the transnational Ganges-Brahmapu-
tra-Meghna (GBM) river basin, the lack of access to reliable
data will be the first challenge to address. All country
governments in the GBM basin are hesitant to share their
hydrological data on the shared rivers and information

on the construction of hydroelectric projects is harder

to find. Data and information on land use changes, river
bed and flow regime changes, and actual stages of hydro-
power project construction should be available to all river
basin residents, scientists, civil society, and governments
through online resources, satellite imagery, and aerial
photography to facilitate the most conscientious use of
these shared hydrological resources.

This paper introduces the busy field of hydropower devel-
opment in the Himalayan region of the GBM basin to press
the urgency for greater information and data exchange.
The paper provides an example of a mapping method and
a database that will add to the existing online sources of
information and analysis offered by nongovernmental
agencies and some government departments. This project
contributes to the general aim of many citizen groups to
limit, monitor and regulate the practices of hydropower
companies and the management of their infrastructure

in the GBM. The monitoring pressure from citizen groups
and science projects continues to serve as an important
replacement to the weak functioning of the country en-
vironment ministries and corrects the corruptions of the
license raj that plaque project deals and environmental
clearances. These citizen motivated knowledge exchanges,
especially through online portals and social media, can
even push for better transnational instruments for formal
governmental data sharing.

This paper takes the GBM river basin as the hydrosphere,
following Johnston and Fiske (2013), for this documenta-
tion and examination of hydroelectric facilities. The GBRM
basin contains all the water that drains the three large riv-
er systems and situates the understanding of human life in
the hydrosphere. This is a hydrosphere of glaciers that hug
the world’s tallest mountains, of snow melt and precipita-
tion that form the vibrant and sometimes wicked flows of
rivers, and of intimately connected river and cultural life
ways. The 5,000 or more glaciers that make up this hydro-
sphere are the ‘Third Pole,” the largest glacial field outside
the North and South Poles (Bahadur 1993; Immerzeel et

al. 2010). Aesthetically spectacular, they are critical to

the sustainability of the water flows necessary for all life.
But as these rivers are progressively dammed to meet the

energy demands of growing populations, the emerging hy-
dro-complexity is posing serious risks for basin residents,
especially when climate-induced extreme rainfall and
flooding smash up against the obstructions and diversions
created by the hydropower industry (Khan et al. 2010;
Mustafa 2013). Therefore, a greater public awareness of
these concrete structures, their pathways, and their impli-
cations for river flows needs to be facilitated.

Infrastructure Growth and Regulatory Decline

The widespread engineering of river systems can be
conceptually framed in a number of ways, and this paper
follows from the historical, iterative, and dialectical wa-
ter-society understandings engendered by the notions of
hydrosocial cycle (Linton and Budds 2013), hydrosphere
(Johnston and Fisk 2013), water worlds (Barnes and Alatout
2013) and waterscapes (Truelove 2007; Sultana 2013). This
paper is focused on creating an approach, a method, and

a public database that bring the hydropower infrastruc-
ture to the center of this water-society discussion. There
are coffer dams and barrages, tunnels and power houses,
storages, spillways, canals, muck sites and eroding river-
banks, all carved out of the terrain and interfering with the
hydrosphere of the region.

Participatory GIS (Geographic Information System) in this
context can help to make these hydropower assemblages
more visible to the public. Nongovernmental organiza-
tions in South Asia have spent considerable time map-
ping hydropower facilities but without GIS software and
exact locational data. This project follows the strategy of
mapping infrastructural assemblages as a way to critique
the functioning of the industry and associated agencies, to
activate the oversight neglected by state agencies. This is a
part of the bottom-up resistance to energy infrastructure
(Strauss et al. 2013). When the locations, attributes, and
problems of specific dams are documented and then exam-
ined online by the public, the broader trends in develop-
ment across the Himalayas can be cataloged and key risks
and abuses to communities, as they are related to these
material infrastructures, can be identified.

Participatory GIS has been used since the 1990s to improve
governance across many sectors of public life (McCall
2003). GIS tools and open source modeling have been

used in tsunami management (Merati 2007), marine oil
spill response information (Shishuang et al. 2012), flood
monitoring systems in international river systems (Katiyar
and Hossain 2007), and SWAT in an open source GIS format
(George and Leone 2008). Projects have tended to be con-
text and issue-driven, emphasizing community involve-
ment in the production or use of geographical information
(Dunn 2007: 616). In this project, the technical work of
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entering locational data will be centralized at the universi-
ty, but input and verification can be done by citizens using
an Internet connection. This kind of division of labor also
exists in projects connected with water quality monitoring
and REDD (Reducing Emissions from Deforestation and
Degradation) where citizens use a handheld device, phone
or computer to upload information to an online database.
While this approach can maintain divisions in access to
GIS between what may be considered resource-rich and
resource-poor, it takes advantage of the public service arm
of the university and seeks to bridge the divide between
the groups by offering access to expensive GIS software
and trained personnel.

This water-society focus also requires a critical approach
to governance, one that foregrounds the roles of citizen
monitoring and judicial review vis-a-vis the functions of
the state in South Asia. Currently government agencies in
each of these basin states are waiving environmental pro-
tocols under neoliberal demands for industry incentives
(Rajshekhar 2013; Narain 2014). As state regulatory func-
tions wither, citizens are taking up monitoring exercises
and pushing judicial authorities to enforce appropriate
environmental policies and laws. Meanwhile, investors are
lured by incentives for open access and the freedom to sell
power on a merchant basis, the possibility of transferring
hydrological risks to the public, trading in Clean Develop-
ment Mechanism (CDM) carbon credits, and speculation
on ‘memoranda of understanding’ and clearances (Dhar-
madhikary 2008, 2010; Yumnam 2012; Rajshekhar and
Sukumar 2013). In the current phase of government ad-
ministration in India, the regulatory bodies are becoming
‘hollowed out,” to borrow the metaphor from Milward and
Provan (2000), retaining their functions but performing
them poorly, and in the process forcing the courts to take
stricter actions against government agencies and industry
agents. In Nepal, Bhutan, and Bangladesh, the regulatory
agencies are even weaker but citizen action is slowly push-
ing for accountability and monitoring. In China, the citizen
is severely constrained and the push for information on
the construction and functioning of dams on the Yarlung
Tsangpo is building from nongovernment groups and the
media housed in neighboring countries or from transna-
tional networks such as International Rivers.

Background on the GBM Basin

Before outlining the hydropower complex, the paper pro-
vides some background on the basin as hydrosphere. The
GBM basin is bound in the north by the Tibetan Plateau,
in the east by the Yunnan and Sichuan Provinces of China,
in the south by India, and in the west by Pakistan. The
transnational population of the basin now exceeds one
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billion. The Brahmaputra sub-basin is gifted with water
wealth, hydropower potential, and high biodiversity, while
the waters of the Ganga, Barak, and Meghna are inten-
sively utilized for agricultural and industrial production,
urban settlements, power and everyday sustenance. Nepal
and Bhutan, the smaller upper riparian countries, have
significant hydropower potential and favorable ratios of
per capita water availability. Bangladesh accounts for 8
percent of the total basin territory but the hydrological
catchment covers most of the country.

Given the water wealth of the Ganga, Brahmaputra, and
Meghna rivers, the religions of the region have granted
their tributaries and main stems a revered position in
cultural narratives and practices. The river Ganga is the
most revered and she is worshipped as a Mother Goddess
and eternal purifier. The tributaries to the Brahmaputra
are worshipped by Tibetan Buddhists and Hindus and

the main stems of the Brahmaputra and Barak rivers are
considered sacred by indigenous peoples. But as water
enters a new phase of global commodification, even more
is at stake for these sacred rivers, their tributaries and the
human populations that depend upon them. In the Ganga
sub basin more than 30 major cities of more than 300,000
and hundreds of industries dump their municipal effluent
into the river, after only partial and incomplete wastewa-
ter treatment. This jeopardizes water quality for all uses
and puts the practices of religious reverence for the river
at great risk (Alley 2002; Sanghi 2014).

The Brahamputra is fed by several tributaries, including
the Yarlung Tsangpo in the Tibet Autonomous Region

of China, which then becomes the Siang in Arunachal
Pradesh. The Teesta River enters northwestern Bangladesh
from India, the Barak River enters the system from east-
ern Bangladesh and then forms the Meghna in the lower
basin. These rivers are used intensively for agriculture and
fisheries and are tapped for prolific urban and industrial
development. Across all river basins, industrial and urban
effluents are creating an almost irreversible deterioration
of surface water quality. Over-pumping of groundwater
for agriculture (Rodell et al. 2009; Scott and Sharma 2009)
depletes sources across the basin. The Delta plains and
flood plains of the Ganges-Brahmaputra river system are
moderately to severely arsenic-enriched, affecting more
than 60 percent of tube wells (Ahmed, K. Matin et al. 2004;
Sultana 2013). Shallow aquifers in the Meghna river basin
and coastal plains are extremely enriched and there more
than 80 percent of tube wells are affected. In India ground-
water supply will need recharge from adequate river flows
to continue to meet high water demands.

People living across the GBM region face extreme fluctu-
ations in water availability and river basin conditions on



an annual weather cycle. The weather alternates between
high water availability—through extreme rainfall and
flooding during the monsoon—and extended low flow
during the nine-month dry season. With the use of hy-
dropower technology, the water source and availability is
modified in time and space through storage ponds and res-
ervoirs, in an attempt to meet year-round demand. In addi-
tion, hydropower is attractive for contemporary societies,
for unlike coal and nuclear power it can generate ‘peak-
ing power.” While large storage dams can hold a massive
amount of water behind a barrage and facilitate far-reach-
ing water redistribution and reallocation schemes, run

of the river dams halt the river flow for a short period

and hold water in a small storage pond. Water is then
released through a head race tunnel to generate power on
demand. With run of the river projects, the downstream
flow regime alternates between diminished flow at some
hours of the day and rushes of water at others. During the
monsoon, flooding can occur during a heavy or extreme
rain event or by sudden releases of water from the dam
reservoir to relieve water pressure. This puts residents
downstream at significant risk from changes in stream
flow and also from changes and increases in sediment
deposition, especially when sediment includes the muck or
debris of a dam construction site (Alley 2013). This means
that residents living downstream from one or many dams
and diversions are constantly responding to these changes
in the river’s rate, direction and volume of flow, and all
these create cumulative challenges to human adaptation
and resilience (Bosshard 2010; China Dialogue 2010; Malone
2010; Schwarzenbach et al. 2010; Lahiri-Dutt 2012).

River flows that are altered by hydroelectric dams and ca-
nals and diverted to needy urban centers are also affecting
the groundwater recharge rate. In Bangladesh surface wa-
ter is and will remain in high demand to offset the inabil-
ity to use arsenic-contaminated groundwater for human
consumption. In all areas of the basin the warming climate
will induce faster glacial melt and bring more water into
the river system at some times of the year. This can lead

to flash floods especially at times when heavy rainfall
combines with glacial lake outbursts or GLOFs within the
glacial formations (Alley 2013; Dobhal et al. 2013). Not only
are dams disembedding the river from ecological and hy-
drological systems (Mustafa and Wrathall 2011), but they
are subjecting the river’s flow to nested infrastructures
that require engineering control. When additional water
enters the system from a glacial lake outburst, the pressure
on the reservoirs quickly increases. At those moments of
crisis, water has to be released suddenly from reservoirs by
opening the barrage gates and this puts everyone and ev-
erything downstream at greater risk of flooding. Increased

rainfall and glacial melt may help to recharge groundwater
and dilute pollution in the river stream but both can lead
to dangerous and even deadly hydro-hazards (Dobhal et al.
2013; Mustafa 2013).

Hydropower Development in the Basin

Hydropower is an important energy strategy that reshapes
the hydrosphere as it becomes a functioning part of it.
Large dams were built just after Indian Independence as
part of national development and despite major opposi-
tions to them, projects grew in number over the following
three decades (Gilmartin 1995; Singh 1997; Baviskar 2005;
Dharmadhikary 2005; Chellaney 2012; Wagle et al. 2012).
Large hydropower projects have received criticism across
the world for their debilitating consequences: the massive
displacement of people, the redirection of water in ways
that create new forms of scarcity, and the hydrologically
and ecologically destructive interventions in river and
terrestrial systems (McCully 1996; World Commission

on Dams 2000; Bosshard 2010). The current wave of dam
investment in India is motivated by interests in power-
ing industrial growth and urban expansion in the face of
dwindling gas reserves and problems with coal block de-
velopment. In 2002, the Government of India announced a
50,000 megawatt initiative to narrow the gap between sup-
ply and the growing demand for power. The hydropower
initiative is active in the Indian Himalayas where the steep
drops of tributaries to the Indus, Ganga, and Brahmaputra
rivers can generate larger outputs of power. Sites of devel-
opment are spread across northern India, Nepal, Bhutan,
and lower Tibet. Construction in all these basin countries
will increase in the coming decade. This infrastructural
growth may not improve access to energy for people living
in Himalayan cities and towns; generally citizens living
near these facilities get the end of the trickle down effects
of a power supply that is directed to high end consumers
such as industries and urban blocks (Sreekumar and Dixit
2010; Wagle et al. 2012). These high end users consume
this increase in energy while also withdrawing water and
returning wastewater to the river system.

Along the northwestern tributaries of the Ganga River in
the State of Uttarakhand, the Tehri dam and several run of
the river dams were completed in the first decade of the
twenty-first century to provide energy and water supply
to the northwestern states of Uttar Pradesh, Delhi and
Rajasthan (Alley 2011). In Sikkim, a series of dams is under
construction along the Teesta River and along the Rangit
that flows into it. In the northeastern state of Arunachal
Pradesh, the government has sketched up a blitz of proj-
ects along the main tributaries of the Brahmaputra, along
the Siang, Subansiri, Lohit, and Dibang rivers (Menon and
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Kohli 2005; Vagholikar and Saikia 2009; Vagholikar and
Das 2010; Alley 2012; Yumnam 2012). There are also many
projects proposed on the Tawang and Nyamjang Chhu
tributaries to the Manas River that flows from Arunachal
to Bhutan (see Figure 1).

The state of Arunachal Pradesh is poised to outpace the
states of Himachal Pradesh and Uttarakhand in terms of
megawatt production. However, the state lacks the roads,
bridges, transmission lines, and supporting infrastructure
needed for private sector participation. This has slowed
the destruction of the hydrosphere to some extent but
enabled a lively game of speculation through ‘Memoranda
of Agreement’ or ‘Memoranda of Understanding’ between
politicians, government officials and specific investor
companies. Since projects listed by the Central Electrici-
ty Authority are allocated to private companies through
preliminary memoranda of understanding or agreement,
there is ample opportunity for private deals, covert
decision-making and corruption (Rajshekhar and Suku-
mar 2013). These are agreements that entail a particular
channeling of private capital through individuals hold-
ing specific government and private company posts; this
capital may not be invested in local economies (Bosshard
2010). As many have recently noted, the process creates an
unofficial protocol and pricing system, and while following
government rules and procedures to some extent, adds
the incentive of profit making from paper clearances and
permits. This is a remaking of the license raj that plagued
the early years of India’s infrastructure development. The
procurement of these memoranda and clearances, as one
media source noted, is the riskiest part of the long gesta-
tion period in the hydropower industry (Rajshekhar and
Sukumar 2013).

The media and informed observers have known about
China’s plan to develop four run of the river projects along
the Yarlung Tsangpo for several years and their push
forced the Chinese government’s recent announcement in
its energy development plan for 2015 (Watts 2010; Krish-
nan 2013a). One dam has been completed at Zangmu and
three more are under construction at Dagu, Jiacha, and
Jiexu. There are also basic infrastructure projects near
Motuo at the Great bend, indicating that a dam larger than
the Three Gorges dam could be constructed there in the
future.

The vulnerability of Bangladesh as a downstream country
in the GBM cannot be remediated by the method and on-
line database proposed here but the mapped information
can help citizens keep track of constructions upstream.
Bangladesh’s nearly complete lack of control of the up-
stream flows of 54 rivers shared with India undermines the
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viability of the country’s water interests. Boxed in on three
sides by Indian control of the Barak, Brahmaputra, Teesta
and Ganges rivers, Bangladesh’s citizens are completely
enveloped by the hydropower industry spanning Lower
Tibet, the Indian states of Sikkim, Arunachal Pradesh, and
West Bengal and more broadly the entire GBM mega basin.

Politics of Data and Water Sharing Among Basin
Countries

All basin country governments are promoting hydropower
development while citizens groups are working to mon-
itor and limit. While Bangladesh is the most vulnerable
downstream country, the government has also worked
hard to initiate discussions with the Indian government
on sharing investment and proceeds from the Tipaimukh
dam planned for the Barak River in Manipur. In April 2013
the Indian government offered Bangladesh an equity stake
in that dam project. The Bangladesh government has also
weighed in on proceeds from proposed projects on the
Nyamjang Chhu, Siang, Lohit, Dibang, and Subansiri rivers
in Arunachal Pradesh. According to The Hindu, Bangladesh
also sought joint participation in nine more projects.!

Bangladesh had also hoped for an agreement with India
on the Teesta river flows but that was dashed when the
Chief Minister of West Bengal failed to attend an important
meeting to decide treaty parameters in 2011. The Bangla-
deshi government still makes regular requests to complete
a treaty for sharing water of the Teesta but the country’s
citizens complain that the government is too timid in
negotiations and in pressing for disclosure of informa-
tion and data. While the Indian central government has
expressed interests in deal making, the West Bengal gov-
ernment remains quiet on the issue, immersed in develop-
ing hydropower projects in its own state. Looking at the
effects of two decades of flow reductions downstream, this
delay constitutes a human rights abuse in water manage-
ment for people living in northwest Bangladesh.

At the same time, the Chinese government has dismissed
proposals to enter into a “joint mechanism” with India or
a multilateral river agreement with India and Bangladesh
over the Brahmaputra and its tributary waters.? China
shares some hydrological data on the Yarlung Tsangpo
with India but does not disclose information on technical
designs for dams or progress in construction plans. India’s
National Security Advisor recently spoke about meetings
between senior officials of China and India to The Hindu:

“We mentioned the fact that we have a forum, we are
exchanging data on transborder rivers, and that we would
like to expand what we are doing,” Mr. Menon said here



last month. “We are also measuring flows,” he said. “So far
so good; so far, the flows are what they were. The question
is, if they have a structure which can control flows. So far,
it doesn’t exist. They say nothing that they are doing is go-
ing to affect the flows. They are sharing data with us, and
we will keep working with them (Krishnan 2013b).

The Indian government is hesitant to demand regulation
of China’s run of the river dams because they do not want
anyone to regulate theirs, This is the same situation with
measuring water quantity and streamflow so consequently
there is a lack of flow data in all countries and an interest
in keeping it underrepresented in the scientific literature.
To compensate modelers and hydrologists have to recon-
struct streamflow data from meteorological and other
climate data.

Hydropower Projects in the Ganga and Brahmaputra basins

Opposition to Hydropower and Restrictions on Data

While country governments are promoting growth in this
industry, on the ground the development has been fierce
and controversial with energy and industrial interests

in water pushing out allocations and uses for farmers

and residents. Citizens have mounted various campaigns
and movements for and against specific dams (Kumar
1996; Mawdsley 2005; Bisht 2009; Drew 2011, 2012, 2013;
McAnaly 2012; Wagle et al. 2012). The push-back against
hydropower development works on the assumption that
more hydro-development in the Himalayas will have
wide-ranging and mostly negative effects for capital
relations, agricultural and livelihood subsistence, ecology,
and biodiversity (Ahmed et al. 2004; Dharmadhikary

2005; Menon and Kohli 2005; International Rivers 2008;

Figure 1. Dam sites (constructed, under
construction, and proposed) within the
Ganges and Brahmaputra basins.

(Base map source: ESRI World Terrain
Base. Map by Samriddhi Shakya)
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Figure 2. Map of hydropower
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Vagholikar and Saikia 2009; Grumbine and Pandit 2013). All
the pushbacks involve sustained civil society movements
and confrontations and exhaust community health, time,
and resources to a significant extent.

Activists, critical journalists, and scientists have had some
success in pushing for assessment reports, additional ex-
pert monitoring committees, and court orders that aid in
checking or halting the practices of industry and govern-
ment agencies and public sector companies, especially in
India. This means that there are active avenues to sharing
information and data outside government ministries and
departments and this expertise is informed and scientific.
The mapping project described in the next section of this
paper is motivated by the activities of these nongovern-
mental and science communities. Eventually pressure
from these groups builds up through information sharing,
media reports, letters to government authorities, banks
and funding agencies, and petitions to the courts. These
strategies are able to force incremental change within
formal institutions (Ahmedet al. 2004; Alley 2004; Bhadu-
ri 2012; Zawahri and Hensengerth 2012). University and
science groups have the potential to bring more ecological
and climate expertise into the planning and assessment
process (see Gangapedia). The Bangladesh Poribesh Andolo
and Bangladesh Environment Network provide scientific
information and learning workshops to citizens in Bangla-
desh. The International Center for Integrated Mountain
Development coordinates numerous scientific and commu-
nity capacity initiatives across the Hindu-Kush region and
also has an online map of river and glacial features. Expert
committees are also created via court orders to provide
monitoring and analysis of hydropower projects including
feasibility and detailed project reports.

Some of the most active and successful citizen attempts to
monitor construction and halt faulty and corrupt practic-
es have occurred in the states of Uttarakhand, Himachal
Pradesh, Sikkim, and Arunachal Pradesh. In 2002, the
Indian Ministry of Power charted out an over-ambitious
plan to dam all the tributaries of the river Ganga at more
than 60 places in Uttarakhand. Maps of these plans began
circulating through civil society networks as people in
and outside the state grew worried about their cumula-
tive effects on water availability downstream and water
quality in low flow situations (see South Asia Network

for Dams, Rivers and People 2011). In the upper Ganga
basin, local resistance movements formed, dissipated, and
then reformed, and anger against company malpractices
and non-compliance to regulations and court orders was
expressed through letter writing to government offices,
through media articles, and Gandhian fasting and resis-
tance (Drew 2011, 2012, 2013). Eventually the multiple

pressures from these local, national, and transnational
groups forced the final cancellation of a run of the river
dam at Loharinag Pala and two in the advanced planning
stage (Pala Maneri and Bhairon Ghati). In 2010, the Comp-
troller and Auditor General of India (CAG) issued an audit
report titled “Performance Audit of Hydropower Devel-
opment through Private Sector Participation.” It charged
that the government of Uttarakhand had pushed the state
toward a major environmental catastrophe by following a
highly ambitious hydropower policy (Tripathi 2010).

After the cancellation of these three dam projects, citizen
groups continued to push the Ministry of Environment
and Forests to issue the Notification for an Eco-Sensitive
(or Eco-Fragile) Zone on the Upper Bhagirathi to protect
the ecology of the upper Bhagirathi and ban additional
hydropower projects. The flood of 2013 that devastated
Uttarakhand brought all these activities under greater
scrutiny. The loss of river beds and flood plains to dam
construction and urban construction, the constant erosion
from road building, the buildup of dam debris or muck, and
the removal of sediment from the riverbed through sand
mining have contributed to the devastation of the river
system. During an extreme rain event or even a glacial lake
outburst, the degraded river channels cannot contain the
excess water and the wicked flows cause extensive dam-
ages to homes, property, and infrastructure (Mustafa and
Wrathall 2011; Alley 2013; South Asia Network for Dams,
Rivers and People 2013).

Cognizant of these risks and their magnification during
extreme rainfall and flooding events, government officials
have kept hydropower projects a prominent part of the
energy agenda in India’s Twelfth Five Year Plan. In theory,
the government has closed the upper Bhagirathi to addi-
tional dam construction, but the Ministry of Environment
and Forests continues to grant clearances for projects on
the Mandakini, Dhauli Ganga and Pinder rivers, some in the
fragile upper reaches (Alternate Hydro Energy Centre 2011;
Rajvanshi et al. 2012; Alley 2013). Moreover, the Ministry
has allowed sloppy rehabilitation of the Vishnuprayag dam
on the upper Alaknanda, after this dam was completely
buried by boulders and sediment during the flood of June
2013 (see Basu 2013; Upadhyay 2013; Alok Panwar and Vi-
malbhai 2014). In August 2013, the Supreme Court ordered
that all further clearances for hydropower projects in the
state be stopped until an expert committee assesses the
role of hydroelectric infrastructure on the behavior and
impact of the June flood (Supreme Court 2013). After this
order, the National Green Tribunal began issuing directions
to the company operating the Vishnuprayag dam to correct
its muck dumping and rehabilitation practices.
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While considerable attention remains on Uttarakhand,
construction is ramping up in Sikkim and Arunachal
Pradesh and these projects are facing more intense local
and regional resistance. In Sikkim the Rangit 11l dam is op-
erating on the Rangit River, the right bank tributary to the
Teesta. The Teesta V at Dikchu has been operating on the
Teesta River since 2008, and now the large Teesta I1I is un-
der construction at the confluence of the fragile headwater
streams to the main stem. In addition, the Teesta VI is in
progress downstream of Teesta V (see Figure 3). The five
dams proposed for the two fragile headwater tributaries

to the Teesta, the Lachen, and Lachung were opposed by
indigenous Lepcha communities from the Dzongu region
and from communities across the state. For several years
these residents used fasting, legal action, and control of
land and river spaces and eventually forced their cancel-
lation in June 2012 (Arora 2007, 2008). Citizens are also
opposing the Panan dam on the Rangyong River, another
headwater tributary to the Teesta. In Arunachal Pradesh,
citizen groups have held up construction of the contro-
versial Lower Subansiri project for several years over
concerns about the dam’s height and the inadequate safety
measures and flood cushioning. Calls are made to reframe
the hydropower mission away from the developmental and
strategic interests of member states and toward the inter-
ests of the development and security of people living in the
region (Tsering 2003, 2012).

NGOs, citizen groups and activists in India and Nepal have
argued that the environmental impact assessments (EIAs)
required for hydropower projects should calculate safe
levels of ecological and hydrological change through the
guarantee of minimum flows, the protection for biodiver-
sity and eco-fragile/sensitive regions, and the support for
cultural practices vital to local and national economies. For
example, a cumulative impact assessment report created
in 2013 by the wildlife Institute of India offered a more
critical review of developments and requirements for river
flows, countering previous reports issued by university
and government departments (Rajvanshi et al. 2012). The
Prime Minister appointed an inter-ministerial committee
to examine this report along with the others and provide
recommendations. That committee came out with a series
of recommendations on minimum environmental or river
flows that advocated a minimum of 30 percent to 50 per-
cent of lean season flows. The report was not made public
until a question about it was posed in the Rajya Sabha
(Upper House) of Parliament several months later. The
government was then obligated to post a summary of the
recommendations to the Press Information Bureau of the
Government of India website. The release listed the main
recommendations and the specific recommendation on
minimum flow as: “Environmental flow of 20 percent to 50
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percent of the daily uninterrupted river flow during vari-
ous seasons from hydro power projects” (Ministry of Water
Resources 2013). In the midst of the time delay in making
the report public, citizen groups were already circulating
drafts of the report obtained from their own sources as
they prepared to continue the important debate.

Visualizing Hydropower

GIS software allows large amounts of geospatial data to

be linked with associated non-geospatial data known as
‘attributes.” When using GIS for a project, the scientist and
the citizen can visualize data with minimal effort in a geo-
graphic space. The information contained within the GIS
software can be easily updated and may also include a wiki
feature for citizen contributions. The biggest challenge

for this hydropower mapping project involves confirming
geographic information and locations since most of the
original data and maps have been hand drawn and are not
regularly updated. Several basemaps were utilized to aid
with hydroelectric power (HEP) site locations, including
the Bing Maps Aerial basemap, ESRI World Terrain base-
map, the National Geographic basemap, and the imag-

ery base found in Google Earth. For this project, the file
geodatabase format found in ESRI's ArcGIS platform was
selected because it provides the benefits of visualization
and a large database size allowance. Access and processing
speeds and flexibility determine what can be stored in the
database. The long-term goal of the project is to build the
databases for each dam and for regional data. In this way,
data storage can be extended beyond the basic geospatial
forms to include such things as tables, documents, and
media links that lack geospatial data. The database can also
include the regulations, policies, and laws that relate to
each dam, state, or country. The information can enhance
citizen access to and understanding of data, policies, laws,
and ongoing industry regulations that impact them.

With the database serving as a foundation for the project,
the addition of new HEP sites, including new attribute
fields, and the dissemination of data become easier. Attri-
butes for flow rates or government regulations associated
with the HEP sites or the sub-basins and basins of the GBM
region can then be added. An application that enables the
citizen to collect data, including photo documentation,
and upload those materials to the site can also facilitate
validation.

While advancing citizen oversight and monitoring activ-
ities, an online map can also assist in the measurement
of the externalities of hydropower projects. One method
for measuring the externalities—that is, the negative or
positive effects of dam projects—is to calculate the total
proposed land use and river system changes and then



plot out the geomorphological and hydrological effects

to the river system. This would include the calculation of
carbon fluxes from land use and river system changes and
estimations of methane emissions from the newly created
dam reservoirs. Documentation of sediment loads and land
and hydrological changes can be plotted using ground and
satellite data collected through citizen participation and
by research teams working in the region. Handheld GPS
devices and GPS-enabled cameras can be used by citizens
to take pictures of dam construction sites, including the
muck disposal sites that are created along the river’s
edges. These can be understood as sediment loads that will
enter the river stream during monsoon and extreme flood
events to disturb flood patterns (see Figure 4). In addition,
areas of land use change, catchment and forest loss can

be plotted in the same way. Finally, the values created for
biodiversity and human cultural practices can be added

to the understanding of the total ecosystem ‘benefits’ or
‘services’ for the river system.

This calculation procedure for energy, water, land uses,
carbon, biodiversity, and cultural values can extend the
scope and understanding of the costs and benefits of a
project. This calculation can also be done in a more tech-
nical and holistic way using the IDAM model developed by
scientists in the US (Brown et al. 2009). Any metric must
list the carbon tonnage ‘saved’ by switching from coal to
hydropower and then subtract all the carbon fluxes and

Figure 4: Erosion of muck
disposal site at Srinagar Dam,
after the flood of June 2013.

(Kelly Alley, 2013)

emissions ensuing from land uses and hydrological chang-
es. Then the losses to livelihood and economy connected to
agriculture, commodity markets, pilgrimage, and tourism
practices, including losses to the sacred meanings of these
rivers, can be included. All these values can be repre-
sented in some fashion in the database to assist in public
evaluations of water uses and trade-offs between various
uses. This also ensures that the metric of EROI, the energy
returned on energy invested, does not just calculate ener-
gy, but all the ecological, hydrological, and socio-cultural
costs incurred by these projects in the hydrosphere (Lerch
2009).

Some of the best public information sites are now provided
by nongovernmental organizations and International
Rivers and the Circle of Blue are among the best in North
America. Many good maps are produced in the public
domain by smaller organizations and independent
scientists such as the South Asia Network for Dams,
Rivers, and People. Online resource groups are emerging
very quickly, with ICIMOD, India Water Portal, Climate
Himalaya, and Bangladesh Environment Network
leading the way. Science-based organizations are posting
important research and outreach projects online as well.
However, many maps used on these public domain sites
lack exact locational data and imagery that could reveal
infrastructure projects in the GBM basin may be blocked
on Google Earth and other sites (Alley et al. 2012). More
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accurate and accessible information on hydropower
projects can aid in flood alert and weather warning
systems and in overall human responses to climatic and
anthropogenic river flow changes.

To facilitate participatory GIS, the database can be pub-
lished online in a variety of formats. ESRI offers both
subscription-based and free resources for web mapping
applications that can accommodate multiple users and
allow for management hierarchy. Other free and open
source software options exist to accomplish this. Regard-
less of how the GIS database is published to the Internet,
the core philosophy and design is to enable NGOs, citizen
scientists, researchers, and others to access and modify the
database to maintain accuracy in the data as changes in
the world are experienced and known. This simple access
approach to participatory GIS can reduce barriers to GIS
technologies.

Conclusions

This paper has outlined the scope and trends of hydro-
power development across the GBM hydrosphere to press
the urgency for public access to information and data

via online portals. Hydropower project attributes can be
geospatially mapped with information and datasets to
create visualizations on a landscape map. By using GIS and
mapping exercises, alternative and more holistic ways of
measuring impacts and externalities can be carried out and
these more complex knowledge frames can help identify
the benefits, costs, and consequences of rapid hydropower
development. The aim of this visual and citizen-reviewed
online platform and the accompanying system of infor-
mation and data verification is to find a way to limit the
development of energy projects to a safe and beneficial
range. New ways to think about and regulate the insatiable
temptation to overbuild on the Himalayan landscape and
alter riverbeds and flows in irreversible ways are emerg-
ing from citizen science and awareness. Since neoliberal
industry incentives, weak regulatory agencies, and climate
policy and assessment reports for the region are not ad-
equately enforcing guidelines and limits on rapid devel-
opment, citizens are taking up the cause. A river basin
organization or citizen group that works in this field would
have another method for information and data exchange
at its disposal, to enable a more robust knowledge platform
for decision-making and water sharing agreements.

To view the GIS database and platform described in this paper, go
to <http://cla.auburn.edu/gangabrahma/>.

62  HIMALAYA Fall 2014

Kelly D. Alley is professor of Anthropology at Auburn
University. Her research focuses on religion, activism,
politics, energy, policy and law related to rivers in India.
She is the author of, On the Banks of the Ganga: When
Wastewater Meets a Sacred River (University of Michigan
Press, 2002).

Ryan Hile is pursuing his PhD in Geography at the University
of Utah. He works as a GIS Analyst for the DIGIT Lab in the
University of Utah Geography Department. His research
interests include GIS and GIScience, human dimensions of
environmental hazards, and social justice.

Chandana Mitra is a climatologist, GIS analyst and physical
geographer. She is Assistant Professor of Geography at
Auburn University. Her research focuses on urban climate,
mesoscale modeling and climate change in the US and
South Asia.

Earlier drafts of this paper were presented at the BAPA-

BEN International Conference on Water Resources in Dhaka,
Bangladesh in 2013 and for the AAA panel on Developing the
Himalaya in 2012. The authors appreciate the comments and
support provided by members who attended these sessions.
Our mapping project has been supported by the College of
Liberal Arts and the Center for Forest Sustainability at Auburn
University.

Endnotes

1. “Arunachal, Bangladesh Discuss Management of
Brahmaputra.” The Hindu, 6 April 2013. <http://www.
thehindu.com/news/national/other-states/arunachal-
bangladesh-discuss-management-of-brahmaputra/
article4588271.ece> (accessed 13 May 2013).

2. “China Spikes India’s Proposal for Joint Mechanism
on Brahmaputra.” The Hindu, 17 April 2013. <http://
www.thehindu.com/news/national/china-spikes-
indias-proposal-for-joint-mechanism-on-brahmaputra/
article4627285.ece > (accessed 16 May 2013).

References

Ahmed, M. Feroze, Qazi K. Ahmad and Md. Khalequzzaman
2004. Regional Cooperation on Transboundary Rivers: Impact of
the Indian River-linking Project. Dhaka: MatiarManush.

Ahmed, K. Matin, Prosun Bhattacharya, M. Aziz Hasan,
S. Humayun Akhter, S. M. Mahbub Alam, M. A. Hossain
Bhuyian, M. Badrul Imam, Aftab. A. Khan, and Ondra
Sracek. 2004. Arsenic Enrichment in Groundwater of the
Alluvial Aquifers in Bangladesh: an Overview. Applied
Geochemistry 19 (2): 181-200.



Alternate Hydro Energy Centre, Indian Institute of
Technology, Roorkee. 2011. Study on Assessment of
Cumulative Impact of Hydropower Projects in Alaknanda and
Bhagirathi Basins up to Devprayag. Ministry of Environment
and Forests, National River Conservation Directorate,
Government of India, New Delhi, March, Volumes I and II.

Arora, Vibha. 2007. Unheard Voices of Protest in Sikkim.
Economic and Political Weekly 42 (34): 25.

. 2008. Gandhigiri in Sikkim. Economic and Political
Weekly 43 (38): 27-28.

Alley, Kelly D. 2002. On the Banks of the Ganga: When
Wastewater Meets a Sacred River. Ann Arbor: University of
Michigan Press.

. 2004. The Making of a River Linking Plan in India:
Suppressed Science and Spheres of Expert Debate. India
Review 3 (3): 210-238.

. 2011. The Disappearing Rivers of India. Asia Pacific
Memo, 15 November 2011, <http://www.asiapacificmemo.
ca/the-disappearing-rivers-of-india> (accessed 21 February
2014).

. 2012. Water Wealth and Energy in the Indian
Himalayas. The Silk Road, 10: 136-145. <http://www.silk-
road.com/newsletter/vol10/SilkRoad_10_2012_alley.pdf>
(accessed 18 November 2013).

. 2013. A Dying River: Dam Muck and the Failure of
Compliance. Unpublished paper, Annual Meeting of the
American Anthropological Association, November.

. 2014, The Developments, Policies and Assessments
of Hydropower in the Ganga River Basin. In Ganga Our
National River: Lifeline of Millions, edited by Rashmi Sanghi,
285-305. Springer.

Alley, Kelly D., Ryan Hile and Chandana Mitra. 2012.
Blocked Data Hampers Water Management in the
GBM Basin. Asia Pacific Memo, October. <http://www.
asiapacificmemo.ca/blocked-data-hampers-water-
management-efforts-in-the-gbm-basin> (accessed 18
November 2012).

Bahadur, Jagadish. 1993. The Himalayas: A Third Polar
Region. Snow and Glacier Hydrology, Proceedings of the
Kathmandu Symposium, November International Association
of Hydrological Sciences (218): 181-190.

Barnes, Jessica and Samer Alatout. 2012. Water Worlds:
Introduction to the Special Issue of Social Studies of
Science. Social Studies of Science 8 (1): 483-488.

Basu, Soma. 2013. Hydropower projects suffer severe
damage. Down to Earth, 23 June 2013 <http://www.
downtoearth.org.in/content/hydropower-projects-suffer-
severe-damage> (accessed 30 January 2014).

Baviskar, Amita. 2005. In the Belly of the River: Tribal Conflicts
over Development in the Narmada Valley (Studies in Social
Ecology and Environmental History). Delhi: Oxford University
Press.

Bhaduri, Amita. 2012. Citizens Voice Alarm Over Recent
Supreme Court Judgment on Interlinking of Rivers: The
Directive Urges the Government to Begin Work on the
Proposal. India Water Portal. <http://www.indiawaterportal.
org/post/26045> (accessed 4 June 2012).

Bisht, Tulsi Charan. 2009. Development-Induced
Displacement and Women: the Case of the Tehri Dam,
India. The Asia Pacific Journal of Anthropology 10 (4): 301-317.

Bosshard, Peter. 2010. Down and Out Downstream:
New Study Documents the Forgotten Victims of Dams,
International Rivers 27: 14.

Brown, Philip. H., Desiree Tullos, Bryan Tilt, Darrin Magee,
and Aaron T. Wolf. 2009. Modeling the Costs and Benefits
of Dam Construction from a Multidisciplinary Perspective.
Journal of Environmental Management 90: S303-S311.

Central Pollution Control Board, Ministry of Environment
and Forests, Government of India. <http://cpcb.nic.in/
water.php> (accessed 18 July 2012).

Chellaney, Brahma. 2011. Water: Asia’s New Battleground.
Georgetown: Georgetown University Press.

China Dialogue and Humanitarian Futures Programme.
2010. The Waters of the Third Pole: Sources of Threat, Sources
of Survival. London: Aon Benfield UCL Hazard Research
Centre.

“China Spikes India’s Proposal for Joint Mechanism

on Brahmaputra.” The Hindu, 17 April 2013. <http://
www.thehindu.com/news/national/china-spikes-
indias-proposal-for-joint-mechanism-on-brahmaputra/
article4627285.ece> (accessed 16 May 2013).

Dharmadhikary, Shripad. 2005. Unravelling Bhakra: Assessing
the Temple of Resurgent India. Report of a Study. Badwani:
Manthan Adhyayan Kendra.

. 2008. Mountains of Concrete: Dam Building in the
Himalayas. Berkeley: International Rivers.

. 2010. The Protocol of Vested Interests. India
Together 17 November.

HIMALAYA Volume 34, Number2 63



Dobhal, D. P., Anil K. Gupta, Manish Mehta, and D. D.
Khandelwal. 2013. Kedarnath Disaster: Fact and Plausible
Causes. Current Science 105 (2): 171-174.

Drew, Georgina. 2011. Ganga is ‘Disappearing”: Women,
Development, and Contentious Practice on the Ganges River. PhD.
Dissertation, University of North Carolina, Chapel Hill.

. 2012. Ecological Change and the Sociocultural
Consequences of the Ganges River’s Decline. In Water,
Cultural Diversity, and Global Environmental Change: Emerging
Trends, Sustainable Futures?, edited by Barbara Rose
Johnston and Irene Klaver, 203-218. Paris: UNESCO-IHP.

.2013. Why Wouldn’t We Cry? Love and Loss Along a
River in Decline. Emotion and Ecology 6: 25-32.

Dunn, Christine E. 2007. Participatory GIS—a People’s GIS?
Progress in Human Geography 31 (5): 616-637.

Gangapedia. Ganga River Basin Environment Management
Plan. <http://gangapedia.iitk.ac.in/?q=content/grbemp-
reports-1> (accessed 18 July 2012).

George, Chris and Luis. F. Leon. 2008. WaterBase: SWAT in
an Open Source GIS. The Open Hydrology Journal 2: 1-6.

Gilmartin, David. 1995. Models of the Hydraulic
Environment: Colonial Irrigation, State Power and
Community in the Indus Basin. In Nature, Culture,
Imperialism, edited by David Arnold and Ramchandra Guha,
210-236. New Delhi: Oxford University Press.

Government of India. 2012. Notification for an Eco-Fragile
Zone on the Upper Bhagirathi. The Gazette of India, 18
December 2012.

Grumbine, R. Edward and Maharaj K. Pandit. 2013. “Threats
from India’s Himalaya Dams.” Science 339 (6115): 36-37.

Immerzeel, W. Walter, Ludovicus P. H. van Beek and Marc
F. P. Bierkens. 2010. Climate Change Will Affect the Asian
Water Towers. Science 328 (5984): 1382-1385.

Johnston, Barbara Rose and Shirley Fisk. 2013. The
precarious state of the hydrosphere: why biocultural
health matters. Wiley Interdisciplinary Reviews: Water 1 (1):
1-9.

Katiyar, Nitin and Hossain Faisal. 2007. An Open-Book
Watershed Model for Prototyping Space-Borne Flood
Monitoring Systems in International River Basins.
Environmental Modelling & Software 22 (12): 1720-1731,

Khan, Shahbaz, Hubert Savenije, Siegfried Demuth, and
Pierre Hubert. 2010. Hydrocomplexity: New Tools for
Solving Wicked Water Problems. IAHS Proceedings & Reports
No. 338.

64 | HIMALAYA Fall 2014

Krishnan, Ananth. 2013a. China Gives Go-ahead for
Three New Brahmaputra Dams. The Hindu, 30 January
2013. <http://www.thehindu.com/news/international/
china-gives-goahead-for-three-new-brahmaputra-dams/
article4358195.ece> (accessed 16 May 2013).

. 2013b. We Will Consider Interests of Downstream
Countries, Says China. The Hindu, 30 January 2013. <http://
www.thehindu.com/news/international/we-will-
consider-interests-of-downstream-countries-says-china/
article4361993.ece> (accessed 16 May 2013).

Kumar, K. 1996. Controversy over the Tehri dam and Sardar
Sarovar: A case study of India’s two most controversial hydro
electric projects and the devastation they are feared to bring
about. Delhi: Farm Digest Publications.

Lahiri-Dutt, Kuntala. 2012. Large Dams and Changes in

an Agrarian Society: Gendering the Impacts of Damodar
Valley Corporation in Eastern India. Water Alternatives 5 (2):
529-542.

Lerch, Daniel. 2009. Making Sense of Peak Oil and Energy
Uncertainty. In The Post Carbon Reader: Managing the 21st
Century’s Sustainability Crises, edited by Richard Heinberg
and Daniel Lerch, 207-210. Berkeley: University of
California Press.

Linton, Jamie and Jessica Budds. 2013. The Hydrosocial
Cycle: Defining and Mobilizing a Relational-Dialectical
Approach to Water. Geoforum, 25 November 2013.

Malone, Elizabeth. L. 2010. Changing Glaciers and Hydrology
in Asia: Addressing Vulnerabilities to Glacier Melt Impacts.
Washington, D.C.: United States Agency for International
Development.

Mann, Michael. 1995. Ecological Change in North India:
Deforestation and Agrarian Distress in the Ganga-Jamna
Doab 1800-1850. Environment and History 1/2 (June): 201-
220.

Mawdsley, Emma. 2005. The Abuse of Religion and Ecology:
the Vishwa Hindu Parishad and Tehri Dam. Worldviews 9
(1): 1-24.

McAnally, Elizabeth Ann. 2012. Toward a Philosophy of Water:
Politics of the Pollution and Damming along the Ganges River.
Denton, Texas: UNT Digital Library <http://digital.library.
unt.edu/ark:/67531/metadc3643/> (accessed 27 July 2012).

McCall, Michael K. 2003. Seeking Good Governance in
Participatory-GIS: a Review of Processes and Governance
Dimensions in Applying GIS to Participatory Spatial
Planning. Habitat International 27 (2003): 549-573.



McCully, Patrick.1996. Silenced Rivers: the Ecology and Politics
of Large Dams. Zed Books, Limited.

Menon, Manju and Kanchi Kohli. 2005. Large Dams for
Hydropower in Northeast India: A Dossier. New Delhi: South
Asia Network on Dams, Rivers and People and Kalpavriksh.

Merati, Nazila. 2007. Using ArcEngine to build Decision
Support Tools for Tsunami Emergency Mangement and
Planning. 23rd Conference on Interactive Information
Processing Systems. AMS Annual Meeting, San Antonio,
Texas.

Milward, H. Brinton and Keith G. Provan. 2000. Governing
the Hollow State. Journal of Public Administration, Research
and Theory 10 (2): 359-379.

Ministry of Water Resources. 2013. Flow of Ganga. Press
Information Bureau, Government of India, 6 May <http://
pib.nic.in/newsite/erelease.aspx?relid=95668> (accessed 17
July 2014).

Mustafa, Daanish. 2013. Water Resource Management in
a Vulnerable World: The Hydro-Hazardscapes of Climate
Change. London: I. B. Tauris.

Mustafa, D. and D. Wrathall. 2011. Indus Basin Floods of
2010: Souring of a Faustian Bargain? Water Alternatives 4(1):
72-85.

Narain, Sunita. 2014. Sunita Narain: Breaking the Impasse
of 2013. Business Standard, 12 January 2014. <http://www.
business-standard.com/article/opinion/sunita-narain-
breaking-the-impasse-0f-2013-114011200792_1.html>
(accessed 30 January 2014).

Panwar, Alok and Vimalbhai. 2014. “NGT directs Jaypee
Associates to file a comprehensive affidavit on disposal
of river bed material : Issues notice to Border Road
Organisation JPWL continues releasing flood material
in River Alaknanda.” Press Note, 23 June 2014, <http://
matuganga.blogspot.in> (accessed 17 July 2014).

Rajshekhar, M. Hydelgate: Dam Frenzy Fails to Notice
Environmental Concerns. The Hindu, 5 May 2013.
<http://m.economictimes.com/news/news-by-industry/
energy/power/hydelgate-dam-frenzy-fails-to-notice-
environmental-concerns/articleshow/19902212.cms>
(accessed 13 May 2013).

Rajshekhar, M. and C. R. Sukumar. 2013. Hydelgate: We
Get into Projects after Permits and Licenses are in Place,
Says Anil Chalamalasetty, Greenko. The Hindu, 6 May 2013,
<http://articles.economictimes.indiatimes.com/2013-
05-06/news,/39065320_1_hydel-projects-greenko-anil-
chalamalasetty> (accessed 16 May 2013).

Rajvanshi, Asha, Roshni Arora, Vinod B. Mathur, K.
Sivakumar, S. Sathyakumar, G. S.Rawat, J. A. Johnson,

K. Ramesh, NandKishor Dimri, and Ajay Maletha. 2012.
Assessment of Cumulative Impacts of Hydroelectric Projects on
Aquatic and Terrestrial Biodiversity in Alaknanda and Bhagirathi
Basins, Uttarakhand. Wildlife Institute of India, Technical
Report.

Rodell, Matthew, Isabell Velicogna and James S.
Famiglietti. 2009. Satellite-based Estimates of Groundwater
Depletion in India. Nature 460 (7258): 999-1002.

Sanghi, Rashmi. 2014. Our National River Ganga: Lifeline of
Millions. Springer.

Schwarzenbach, Ren P., Thomas Egli, Thomas B. Hofstetter,
Urs von Gunten, and Bernhard Wehrli. 2010. Global Water
Pollution and Human Health. Annual Review of Environment
and Resources 35: 109-136.

Scott, Christopher A. and Bharat Sharma. 2009. Energy
Supply and the Expansion of Groundwater Irrigation in
the Indus-Ganges Basin. International Journal of River Basin
Management 7 (2): 119-124.

Jin, Shishuang, Xiaofeng Wang, Cuiju Luan, Hengzhen
Zhang, Yu Guo. 2012. Construction of Marine Oil Spill
Response Information System Based on ArcGIS Server.
Recent Advances in Computer Science and Information
Engineering 126: 575-581.

Singh, Satyajit. 1997. Taming the Waters: The Political Economy
of Large Dams in India. Delhi: Oxford University Press.

South Asia Network for Dams, Rivers and People. 2011.
Dams, Rivers and People 9 (1), February.

. 2013. Existing, Under Construction and Proposed
Hydropower Projects: How Do They Add to the

Disaster Potential in Uttarakhand? <http://sandrp.in/
copy_of_Uttarakhand_Existing_under_construction_
and_proposed_Hydropower_Projects_August2013.pdf>
(accessed 30 January 30 2014).

Sreekumar, N. and S. Dixit. 2010. Electricity for All. India
Together, 17 September 2010.

Strauss, Sarah, Stephanie Rupp and Thomas Love. 2013.
Cultures of Energy: Power, Practices, Technologies. Walnut
Creek: Left Coast Press.

Sultana, Farhana. 2013, Water, Technology, and
Development: Transformations of Development
Technonatures in Changing Waterscapes. Environment and
Planning D: Society and Space 31 (2): 337-353.

HIMALAYA Volume 34, Number2 65



Supreme Court of India at Civil Appeal No. 6736 of 2013.
Alaknanda Hydro Power Co. Ltd versus Anuj Joshi and Ors,
13 August 2013.

Tripathi, Purnima S. 2010. Damning Audit. Frontline (27) 24,
20 November-3 December. <http://www.frontlineonnet.
com/fl12724/stories/20101203272404900.htm> (accessed 10
May 2011).

Truelove, Yaffa. 2007. On the Verge of a Water Crisis? State
Discourses and the Production of Water Inequality in Delhi, India.
MA Thesis, Dept of Geography, University of Colorado,
Boulder (UMI microfilms).

Tsering, Tashi. 2003. China’s Water Politics: In Whose Interests?
MA Thesis, Department of Political Science, Portland State
University.

. 2012. A New Course for the Brahmaputra.
thethirdpole.net, 16 August 2012. <http://www.
thethirdpole.net/a-new-course-for-the-brahmaputra/>
(accessed 21 February 2014).

Upadhyay, Kavita. 2013. Hydro-Power Project Flouting
Environmental Norms. The Hindu, October 24, <http://
www.thehindu.com/todays-paper/tp-national/
hydropower-project-flouting-environmental-norms/
article5266612.ece> (accessed 21 February 2014).

Vagholikar, N. and P. Das. 2010. Damming Northeast India.
Pune/Guwahati/New Delhi: Kalpavriksh, Aaranyak and
ActionAid India.

Vagholikar, Neeraj and Arupjyoti Saikia. (2009). We All
Live Downstream: Dams, Environment and Political
Mobilisation in Assam. Pragyan, 3 (1).

Wagle, S., S. Warghade and M. Sathe. 2012. Exploiting
Policy Obscurity for Legalizing Water Grabbing in the Era
of Economic Reform: the Case of Maharashtra, India. Water
Alternatives 5 (2): 412-430.

Watts, Jonathan. 2010. Chinese Engineers Propose World’s
Biggest Hydro-Electric Project in Tibet Mega-Dam on
Yarlung Tsangpo River Would Save 200m Tonnes. The
Guardian, 24 May 2010. <http://www.theguardian.com/
environment,/2010/may/24/chinese-hydroengineers-
propose-tibet-dam> (accessed on 30 January 2014).

World Commission on Dams. 2000. Dams and Development:
A New Framework for Decision-Making. The Report of the World
Commission on Dams. Earthscan.

66 | HIMALAYA Fall 2014

Yumnam, Jiten. 2012. An Assessment of Dams in India’s North
East Seeking Carbon Credits from Clean Development Mechanism
of the United Nations Framework Convention on Climate Change.
Manipur: Citizens’ Concern for Dams and Development.

Zawahri, Neda A. and Oliver Hensengerth. 2012. Domestic
Environmental Activists and the Governance of the
Ganges and Mekong Rivers in India and China. International
Environmental Agreements: Politics, Law and Economics.
Springer.



	Visualizing Hydropower Across the Himalayas: Mapping in a time of Regulatory Decline
	Recommended Citation

	Visualizing Hydropower Across the Himalayas: Mapping in a time of Regulatory Decline
	Acknowledgements

	Visualizing Hydropower Across the Himalayas: Mapping in a time of Regulatory Decline

