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Introduction:
The Hindu Kush-Himalayan (HKH) region which is also known as “the roof of the World” or
“water tower of Asia” extends from 15.95º to 39.31º N latitude and 60.85º to 105.04º E
longitude. It extends 3500 km and encompasses an area of approximately 3441719 km2 in the
mountains of eight south and East Asian countries including Afghanistan, Pakistan, China,
India, Nepal, Bhutan, Bangladesh and Myanmar from west to east and sustains a population
of 210.53 million in the region (ICIMOD 2011). The Hindu Kush-Himalaya constitutes the
headwater of some of the largest river systems of the planet including the Amu Darya, Indus,
Ganges, Brahmaputra (Yarlungtsanpo), Irrawaddy, Salween (Nu), Mekong (Lancang),
Yangtse (Jinsha), Yellow River (Huanghe), and Tarim (Dayan). These trans-boundary basins
sustain one-fourth global population dependent primarily on subsistence agriculture in
Pakistan, India, Nepal, Bhutan, China and Bangladesh (Fig.1& Table 1). The HKH region
has some the largest glaciers of the planet and permafrost outside the Polar Regions
(ICIMOD 2011) (Table 2, 3 & 4).
The HKH including the Tibetan plateau region plays a significant role in global atmospheric
circulation influencing the two major weather systems: Monsoon and the Westerly (ICIMOD
2011). Climate change has stressed hydrological regimes of Himalayan headwaters through
higher mean annual temperatures, melting of glaciers and altered precipitation patterns
causing substantial decrease in water availability. This may increase proportion of health,
food and livelihood insecure population in South Asia which includes some of the poorest
people of the world with access to less than 5% of planet's freshwater resources. This will
have enormous regional implications for fundamental human endeavours ranging from
poverty alleviation to environmental sustainability and climate change adaptation, and even
to human security. A regional geo-political cooperation framework among riparian countries
is therefore highly imperative not only for adaptive management and improved governance of
Himalayan Headwaters, but also for security and peace in South Asia. However, importance
of regional cooperation for adaptation to climate change has so far been not realized and
exhibited by South Asian Countries.
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Fig. 1: Hindu Kush Himalaya and Tibetan Plateau with Major River Basins (Source:
ICIMOD 2011)
Table 4: Principal River Basins of Hindu Kush Himalayan Mountains (Source: ICIMOD 2009)
River

Amu Darya
Brahmaputr
a
Ganges
Indus
Irrawaddy
Mekong
Salween
Tarim
Yangtze
Yellow

Annual
% of Glacial
Mean
Melt in River
Discharg
Flow
e
(m3/Seco
nd)
1376
Not
Available
21261
12
12037
5533
8024
9001
1494
1262
18811
1438

09
50
Not
Available
07
09
50
18
02

Basin
Area
(km2)

Population Population
Water
Density
(× 0000) Availabilit
(Person/k
y
2
3
m)
(m /person
/year)

534739

39

20855

2081

651335

182

118543

5656

1016124
1081718
413710

401
165
79

407466
178483
32683

932
978
7742

805604
271914
1152448
1722193
944970

71
22
07
214
156

57198
5982
8067
368549
147415

4963
7876
4933
2465
308

The rapid retreat of the Himalayan glaciers has rendered South Asia vulnerable to a variety of
water-related natural hazards and disasters, such as floods, landslides, glacier lake outburst
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floods (GOLF), and created water stress in the region which is resulting in the decline in
fresh water supplies. Thus there is an urgent need to evolve a framework for regional
cooperation among the countries in the Himalayan region for managing water resources and
water-related hazards. According to the Fourth Assessment report of the Intergovernmental
Panel on Climate Change (IPCC), the incidence and intensity of floods in the Himalayan
region are expected to increase as a result of an increase in precipitation during the monsoon
season and glacial retreat, both following from global warming (IPCC 2007). This poses a
challenge for reducing the vulnerability of the more than 1.3 billion people living in the major
river basins downstream from the Hindu Kush-Himalayan region. The overriding importance
of climate change as a driver of environmental change makes it important to address disasterreduction and water-management concerns in a holistic manner at the catchment level. Such
an approach is considered by the IPCC to be an adaptive measure for climate change impacts
(IPCC 2007). The integrated basin-wide water resources management is an approach
currently being promoted by water scientists resource managers as well as by economists
(Tiwari & Joshi 2012). However in the Himalayan region the problem lies in the
implementation of such a strategy, because most of the Himalayan rivers are international
rivers and involve trans-boundary water resource management. It has been suggested recently
that regional cooperation on water and hazards can be facilitated by a perspective of regional
economic cooperation that goes beyond the focus on water alone. This perspective would be
based on water as a natural resource of central focus, around which cross-border economic
exchange, primarily trade, and the development of infrastructure to facilitate it, will also be
promoted. Paper investigates reasons and rationale for missing regional cooperative interlinkages; explore constraints in initiating effective regional cooperation dialogue; and outline
geo-political feasibility for practical and mutual headwater governance diplomacy in South
Asia. Comprehensive study of available literature and media reports, interpretation of people
responses obtained through interviews, interaction with political leadership and government
officials across South Asian countries formed basis of this study.
Table 2: Glaciated Area in Hindu Kush Himalayan Mountains (Source: Dyurgerov & Meier
2005)
Glaciated Area (km2)

Mountain Range
Tien Shan
Pamir
Qiliam Shan
Kunlun Shan
Karakoram
Qiantang Plateau
Tanggulla
Gandishi
Nianqingtangla
Hengduan
Himalaya
Hindukush
Hinduradsh
Total

15417
12260
1930
12260
16600
3360
2210
620
7540
1620
33050
3200
2700
112767
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Table 3: Glaciers and Glaciated Area in Major Basins of Hindu Kush Himalaya (Source:
ICIMOD 2009)
Basin

Amu Darya
Indus
Ganges
Brahmaputra
Irrawaddy
Salween
Mekong
Yangtze
Yellow
Tarim (Interior)
Qinghai-Tibetan
Interior
Total

Basin area
within HKH
(km2)

Number of Glaciated
Glaciers
Area
(km2)

166686
555450
244806
432480
202745
211122
138876
565102
250540
26729
909824

3277
18495
7963
11497
133
2113
482
1661
189
1091
7351

2566
21193
9012
14020
35
1352
235
1660
137
2310
7535

Estimated
Ice
Reserves
(km2)
162.61
2696.05
793.53
1302.63
1.29
87.69
10.68
121.40
9.24
378.64
563.10

3705721

54252

60054

2126.85

Average
Glacier
Size (km2)
0.78
1.15
1.13
1.22
0.27
0.64
0.49
1.00
0.73
2.12
1.02
1.11

Table 4: Glacial Resources in Himalayan River Basins (Source: Qin 2002)
River Basin
Mapam Yumco Lake
Ganges
Brahmaputra
Indus
Sutlej
Total

Total area (km2)
67
16677
6579
8926
2861
35110

Number of
Glaciers
48
6696
4366
5057
1900
18067

Ice Reserves (km2)
4.4
1971.5
600.4
850.4
308.0
3734.5

Trans-boundary Water Conflicts:
per capita availability of water, the level of water withdrawals for annual use in relation to its
availability, and the extent of dependence on water resources that flow in from the borders
are the main factors of cross border water conflicts in the region. The critical stress level of
water availability, that is the level at which users start to feel the shortage of water, has been
estimated as 1700 cubic meters per person per year. However, some hydrologists have
estimated 1000 cubic meters per person per year as the minimum water requirement for a
moderately industrialized nation that uses water efficiently. The annual water availability for
Pakistan is much below the critical stress level, and judging from the rate at which it declined
during the last 10 years, it is likely to fall below the minimum level in near future (Karki &
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Vaidya 2010). The studies indicated that India, China, and Afghanistan are also water-limited
nations in the region, where the annual water availability is quickly approaching the critical
stress level.
On the one hand, rapid population growth could adversely affect the demand side, and on the
other climate change may have a serious effect on the supply side of water resources
management in Himalaya. The level of water demand is about three-quarters of the level of
supply in Pakistan. This would suggest that there might be a water shortage, if the water
supply decreases due to adverse consequences of climate change. Normally, levels of demand
greater than one-third of supply are considered risky. On the other end, the ratio is less than
5% in Myanmar and Nepal, which is an indicator of the vast potential of underutilized water
resources that these countries might be able to tap without harming the riparian nations.
Since the countries in the Himalayan region fall within the three major river basins of the
Indus, Ganges-Brahmaputra-Meghana (GBM), and Tarim, the extent to which water
resources are shared would be an important indicator of vulnerability to competing interests
among the nations in the region. Table 5 presents data on the fraction of the total water
supply of the countries that originates outside their borders and that flows across their borders
to other nations. Both Bangladesh and Pakistan receive more than three-quarters of their
surface water supply from across their borders, mainly from India. Furthermore, although
only about one-third of water supply to India originates outside its borders, almost threequarters of the surface water during the dry season in the fertile, and high population density,
Ganges basin flows from Nepal. These interrelationships between Bangladesh, India, Nepal,
and Pakistan in the Indus and the GBM basins may give rise to frictions and tensions over
water in the region.
Table 5. Dependence on Imported Surface Water
Country

Basin

Afghanistan
Bangladesh
Bhutan
China

Indus, Tarim
Ganges Brahmaputra, Meghna
Ganges Brahmaputra, Meghna
Ganges Brahmaputra, Meghna, Indus,
Tarim
Ganges Brahmaputra, Meghna, Indus
Ganges Brahmaputra, Meghna
Ganges Brahmaputra, Meghna
Indus, Tarim

India
Myanmar
Nepal
Pakistan

Percent of Total River Flow
Originating Outside of Border
15
91.00
00.40
01.00
34.00
16.00
06.00
76.00

The Basis of Regional Cooperation:
The literature suggests that although cooperation can occur when mutual benefits are
possible, existence of potential benefits is not sufficient for cooperation to take place. There
is a need to ask three questions: (a) are there truly potential mutual benefits, or is it a situation
where only one party can benefit at the cost of the other, (b) if the latter, can the situation be
redefined to transform it to one of potential mutual. benefit, and (c) what are the impediments
to actually achieving mutual benefits (Crow and Singh, 2000). Cooperation between India
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and Pakistan in the Indus river basin is considered as a good example of the situation being
redefined to transform it into one of potential mutual benefit by enlarging the size of the pie
rather than just dividing it. The principal potential benefits of cooperation in water resources
are: (a) sharing information for flood forecasting and early warning, (b) storing water in
upstream river basins for flood moderation, (c) storing water resources for increasing flow in
dry seasons, (d) storing water for inland water transport, (e) harnessing water resources to
generate hydroelectricity, and (f) managing watersheds to help increase the quality and
quantity of water available for irrigation and drinking water by downstream users. The type
of exchange of benefits between countries may be: (a) bilateral barter, which is subject to the
need to find a “double coincidence of wants”, or (b) a financial transaction based on the
payment of a mutually-agreed upon monetary value for the environmental services delivered.
To demonstrate the increasing need for regional cooperation in the context of global
warming, an example of upstream-downstream linkages related to potential GLOFs and
hydropower stations in the Himalayan region is presented here for the Dudh-Kosi sub-basin
in the GBM‟s Koshi basin, 54% of whose catchment area falls in China (Tibet) and 46% in
Nepal. The Dudh Kosi sub-basin is home to about 36 valley glaciers. These glaciers have
retreated at rates of between 10 and 74 meters per year. For example, the rate of retreat for
the Imja glacier near Mt. Everest, the one retreating fastest, has increased from 41 meters per
year from 1962 -2001 to 74 meters per year from 2001-2006. This sub-basin contains 12
“potentially dangerous” glacier lakes, all moraine dammed, including Imja and Dig Tso. The
basin has experienced GLOF events in 1977, 1985, 1998 and 2001, including the Dig Tso
event. The Dig Tso GLOF event on 4 August 1985 caused a 10 to 15 meter high surge of
water and debris to flood down the Bhote Kosi and Dudh Kosi rivers for 90 kilometers. At its
peak, the discharge was 5,613 cubic meters per second, two to four times the magnitude of
maximum monsoon flood levels (Shrestha, et al, 2006). The flood began in early afternoon
and lasted for about six hours. The resulting damage included the complete destruction of the
almost-completed hydropower project at Thame near Namche in the Everest region, built at
an estimated cost of 45 million rupees. To minimize the adverse impacts of such events, it is
necessary: (a) to monitor and assess the status of glacier lakes, (b) to install early warning
systems, (c) to implement mitigation measures, and (d) to develop estimates of flow-regime
changes in different catchments under various likely climate change scenarios, in order to
develop a scientific basis for cost-effective adaptation measures (Bajracharya, Mool and
Shrestha, 2007). It is clear from detailed GIS mapping of the Kosi Basin that GLOFs in
China (Tibet AR) and Nepal could have serious consequences for the existing and planned
hydropower stations in Nepal.
The Opportunities for Regional Water Governance Cooperation:
The opportunities for cross-border cooperation between India and its neighbours, Bhutan and
Nepal, on hydroelectricity were enhanced by two major developments in India related to the
power sector, one physical and the other institutional. At the physical level, hydroelectric
power-grid interconnections in India evolved from the local level in the 1950s to the
provincial level in the 1960s, and then on to the regional level in the 1970s and finally to the
national level in the 1990s. For the development of transmission and power-grid
interconnections, the Power Grid Corporation was given responsibility for: (a) the
development of the national grid by interconnecting the five regional grids, (b) establishing
the national load dispatch center, and (c) modernizing the regional and provincial load
dispatch centers. At the institutional level, India promoted the establishment of trading
companies, such as the government-supported Power Trading Corporation (PTC), to promote
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the power market. As these physical and institutional setups succeeded within its borders in
India, they started exploring cross-border sources of power for interconnections and trading.
From India‟s perspective, as the PTC sees it, the rationale for long-term cooperation in
energy are: (a) to take advantage of the potential for economies of scale as a result of large
cross-border projects set up primarily to address opportunities provided by India‟s shortage
situation; and (b) to use cross-border renewable energy sources for environmental and
conservation benefits, among others.
The Constraints in Regional Water Governance Cooperation:
They have identified the major constraints to cross-border power trading as: (a) transmission
infrastructure and wheeling facilities within the boundaries, (b) inter-grid synchronization for
cross-border interconnections, and (c) electricity pricing. Worldwide, cross-border grid
interconnections are on the rise. Interconnections already exist in North America, Europe,
and Southern Africa, including the Nord Pool (Denmark, Finland, Norway and Sweden), and
the South African Power Pool (12 countries). India intends to use its recent domestic
experience in regional grid interconnections for expanding to cross-border grid
interconnections. India‟s existing major cross-border interconnections are with Bhutan:
Chukha hydroelectric project (336 MW) interconnected at Birpara in India, and Tala
hydroelectric project (1020 MW), at Silguri in India. For electricity pricing, the power trading
companies act as “market makers” negotiating prices separately with the producers
(generators) and distributors, and thus taking the “market risk”, which they tend to diversify
by dealing with a large number of buyers and sellers, in what is a suppliers‟ market as of
now. The trades are largely short term, duration less than one year, although efforts are being
made to increase the long term ones, towards a seventy-thirty short-term to long-term mix.
However, such cooperation in hydroelectric power can take place only after the necessary
legal provisions are agreed upon by the two countries.
The India-Nepal Power Trade Agreement signed on June 5, 1997, but yet to be ratified by the
Nepalese legislature, is an umbrella agreement for power trading between the two nations. It
goes a step ahead of the agreements between Bhutan and India dedicated to the specific
hydroelectric projects. The India-Nepal agreement provides unlimited marker access for
power trading. Any party in India or Nepal may enter into a power trade agreement:
government, semi-governmental, or private enterprise. It also makes a provision for the
market mechanism to decide on the price and the quantity of electricity to be delivered at a
mutually agreed-upon destination, without any form of government intervention. In some
form, the agreement has already been used as a basis for the power trading agreement
between the Power Trading Corporation of India and the Snowy Mountain Engineering
Corporation (SMEC) for the sale of power to be generated at the 750 MW West Seti project
in Nepal. Once it is brought to full practice, it may be a best practice example of cooperation
in power trade between riparian countries. To realize such opportunities for cooperation in
hydropower generation, however, it may be increasingly necessary to take adaptation
measures to face potential glacier lake outburst floods in the region.
Conclusions:
Study revealed that political transition and instability, threats of internal and external security,
weak leadership, and long standing conflictual inter-state dynamics are important reasons for
missing geo-political process in trans-boundary water diplomacy. However, there is growing
realization, demand and recommendations by scientific community, intellectuals, NGOs and
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civil society organizations for trans-boundary water governance which would help in
initiating geo-political dialogues for adaptive headwater governance across Himalaya. Some
countries in HKH region, particularly India and China have made significant progress in
integrating with the global economy but, without integration and desired regional cooperation
within the region due primarily to border dispute (World Bank 2007). As a result crossborder economic cooperation could not grow between China and India despite long standing
historic Indo-Tibetan trade relations. This has wiped out several other comparative and
competitive advantages such as common geography and low cost of production. Besides,
geo-politics there are several other factors, such as lack of integrated transportation and
communication which have seriously affected various efforts to foster regional cooperation in
the HKH region.
Consequently, South Asia has remained the least integrated region in the world. Despite huge
development potential, it has lagged behind all other regions in achieving minimal
cooperation in environmental, economic, political, cultural and communication areas.
However, there has been some improvement in the situation situation started improving since
the year 2001–02 after the signing of China- India bilateral trade agreement. Hence these
countries have been finding it difficult to resolve and address even their common issues of
climate change, poverty reduction, disaster reduction, trans-boundary water governance and
biodiversity conservation. Potential strategies to climate change and the strategic position of
the Water Towers within the region offer a unique opportunity for the countries in the HKH
region to develop a regional cooperative dialogue for direct benefit of mountain communities
and 1.3 billion population inhabiting the downstream areas.
In the changing context of the regional co-operation scenario brought about by climate
change and economic globalization and their consequences for water stress and water-related
hazards, the importance of wise management of trans-boundary rivers cannot be
overemphasised. The international protocols and conventions as well as best practices and
experiences discussed in this paper provide good models to conceptualize, design, and
promote future cross border co-operation. Based on the analysis of this paper, the following
policy implications and conclusions can be drawn. Comprehensive ecosystems framework:
We need a comprehensive ecosystem framework for the development and management of
water resources in the Himalayas.
Adaptation to climate change impacts: The impacts of climate change could be a major
problem. We need to focus holistically on the river basins and act fast; this may mean
working across boundaries. In the context of upstream-downstream linkages, it is necessary
to consider the benefits of transboundary cooperation for coping with the events occurring in
the catchments that lie across the borders. (Glacial lake outburst floods in China, for instance,
could affect hydropower stations in Nepal.) There is also a need for trans-boundary
cooperation among the countries in the Himalayan region to gather and share information
related to water-related hazards. To this end, an institutional mechanism for sharing data
through a regional inter-governmental institution needs to be strengthened; such an institution
already exists in the form of the International Centre for Integrated Mountain Development
(ICIMOD).
Regional cooperation in water should be made part of the total regional economic
cooperation and infrastructure development strategy. The establishment of power grid
networks and the proliferation of power trading companies in India have helped develop the
physical and institutional mechanisms necessary for trans-boundary trade in electricity. The
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imperatives of globalization and climate change are also strongly driving countries to embark
on regional cooperation encompassing trade, commerce, and other economic exchanges along
with regional sustainable development strategies. The perspective of regional economic
cooperation may help to expedite the implementation of institutional mechanisms for regional
cooperation on water and hazards for which good potentials exist in the Himalayan region.
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