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PREFACE
I am pleased to present this report on long-term implications of water security in the Himalayan River Basins. 
The report covers the habitat of 1.3 billion people, about one fifth of the world’s population. Moreover, this sub-
region is part of emerging Asia, which is expected to provide stimulus for growth in the twenty-first century. The 
resilience shown by the Asian economies in the financial crisis of 2008-2010 has raised the expectation of the 
world. 

The prospects of economic growth in Asia depend on geopolitical stability. The drivers of geopolitics, peace and 
conflict are changing all the time. They are difficult to foresee. In the 19th Century, territory was the main driver 
for geopolitics, peace and conflict. In the beginning of the last century, if anybody had predicted that oil would 
become important, people would have dismissed it.

By the end of the century, oil did become important. After World War II in the 1950s, if any one had predicted 
that climate change would become important, they would have been dismissed. But climate change has already 
become an important factor in this decade. Similarly, while various research institutions have projected that 
water will become an important driver of geopolitics and global security, this is given marginal importance. 

This paper is prepared from a geopolitical and security point of view and not from the point of view of sectoral 
expertise in water. It demonstrates that in the next 30-40 years, water will be one of the key drivers of the Asian 
political and security agenda. 

The idea for this project came from an international conference on Responsibility to the Future, organized by the 
Strategic Foresight Group jointly with the United Nations Global Compact. It was inaugurated by the President of 
India and attended by delegates from over 25 countries. It took place in Mumbai in June 2008. The conference 
recommended that SFG should address the issue of water security, particularly as it relates to the problems 
arising from the melting of glaciers and flow of Himalayan rivers, from the position of a think tank that looks at 
geopolitical and strategic future, not from a sectoral perspective.

However, it is extremely important that the examination of this issue takes place with participation and leadership 
of experts in the field. Therefore, SFG convened expert workshops at Kathmandu in August 2009 and Dhaka 
in January 2010. We benefited tremendously from the deliberations at these workshops, as well as private 
consultations with experts and leaders in the region.

This report looks ahead at the world in 2050 which will be bereft of many bounties of nature and concepts 
of social stability that we are used to. This is not just a question of environmental degradation. This is also a 
question of the erosion of political and security concepts that we are familiar with.  Already, many water deficit 
but financially rich countries are purchasing millions of acres of agricultural land in other countries, under the 
protection of their own security. Thus, sovereignty is no longer what we have traditionally understood. 

Countries sharing basins of rivers flowing across boundaries are negotiating new forms of cooperation which 
must involve compromise of traditional concepts of security, or risk confrontation. Refugees, pirates and criminals 
have grown in parts of the world directly on account of food and water scarcity. If these trends continue, the 
world in 2050 will be a world with excessive supply of chaos and serious deficit of sustainability. 

These dangers are most evident in the Himalayan region. The report throws light on the condition of the Yellow 
River in China, melting of permafrost, disappearance of lakes, and the need to divert the Yangste River by artificial 
means. It exposes the risk to the future of the Ganges in India, compounded by the risk to the future of the 



Yamuna, and the rivers flowing from Nepal. Nepal and Bangladesh suffer from the strange phenomenon of “too 
much water, too little water”. 

We have two options. The easy option is to protect our national interests disregarding the concern and interests 
of others in the region, and exposing the region to the possible dangers created by men or nature in the next 
half century. The difficult option is to engage in very honest discourse, rise above short term fears and build a 
shared collaborative and sustainable future in the long term. I hope that a considered debate on the analysis, and 
presentation in this report will help policy makers and people in emerging Asia to choose the right option. 

I must thank the John D and Catherine T MacArthur Foundation for providing generous support to enable the 
Strategic Foresight Group to undertake such an ambitious endeavour. 

I hope that this report will take the debate on Asian Security ahead in a new and constructive direction. 

									         Sundeep Waslekar 
June 2010							        President, Strategic Foresight Group
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EXECUTIVE SUMMARY

The Himalayan River Basins in China, Nepal, India and Bangladesh are home to about 1.3 billion people - i.e. ||
almost 20% of the world’s population and almost 50% of the total population of these countries.

Water availability on per capita cubic metre basis is estimated to decline from 2150 at present to 1860 in 2030 ||
in case of China, from 1730 to 1240 in case of India, from 7320 to 5700 in case of Bangladesh, from 8500 to 
5500 in case of Nepal.

About 10% to 20% of the Himalayan Rivers are fed by glaciers – an important source of water in low season. ||
According to some studies, the glaciers will be seriously affected by global warming by 2350 while other 
estimates suggest that it will take 600-700 years for Himalayan glaciers to deplete. Reliable estimates are 
not available due to the absence of meteorological stations in crucial geographical areas, lack of scientific 
data and collaborative studies. However, for the glaciers that have fed rivers for thousands of years, a few 
centuries is a short period of time. Also, some impact will be already visible by the middle of the 21st century. 
The Yellow River in China and the Ganges (with its tributaries) in India will be the most affected and turn into 
seasonal rivers by the second half of the century. They are expected to lose between 15% to 30% water due 
to glacier depletion. The Yangtze and Brahmaputra will also lose about 7% to 14% of the annual flow due to 
depletion of glaciers. Bangladesh will face the cumulative impact of these developments. 

While glacial melting will eventually reduce river flow in the low season, an increase in temperature in some ||
areas will cause heavy precipitation concentrated for a few days during July-September. This will increase the 
risk of flooding. The overall pattern will be intense rain over a few days and long dry periods. Some areas like 
north-east China and northern parts of India will see decline in precipitation.

In the next 20 years, the four countries in the Himalayan sub-region will face the depletion of almost 275 ||
billion cubic meters (BCM) of annual renewable water. For comparison, this is more than the total amount of 
water available in one of the countries – Nepal – at present. At the same time, demand will increase due to 
growth of population and economic development. As a result, China will experience an annual water deficit 
of 50-100 BCM in 2030 at a relatively low utilisation rate of 28% in 2030 and India’s water surplus will become 
half to 200-260 BCM despite an unsustainable utilisation rate of 61% at that time. Nepal and Bangladesh will 
also see their water balance shrink.  

The agricultural sector will continue to be the major consumer of water in China, Nepal, India and Bangladesh, ||
although the industrial and domestic sectors will also need more water in the future. In China, agriculture 
consumes about 65% of water. This proportion will decline to 55% by 2030 before rising again slightly around 
2050. In India, agriculture accounts for almost 90% of the water usage but this will decline to 70-75% by 2050. 
Nepal and Bangladesh presently use more than 95% of their water for agriculture and will continue to do so 
until 2030.

In addition to depletion of water resources due to natural reasons, it will not be possible to use the available ||
water resources because of pollution and losses caused by inefficient management. Yellow River Conservancy 
Committee estimates 34% of the river unfit for drinking, aquaculture, and agriculture. The tributaries of 
Yangtze River are extremely polluted to the extent of 30%. In India, Yamuna River, the main tributary of the 
Ganges is extremely polluted to the extent of 50%. Most of the rivers in Bangladesh are considered extremely 
polluted, though precise degree of damage is not available. Only the rivers in Nepal and Brahmaputra in India 
and its tributaries are relatively clean.



In addition to shrinking rivers, all countries face the problem of loss of permafrost, deforestation and the ||
disappearance of lakes. Thousands of lakes in the source region of Yellow and Yangtze have disappeared. 
These developments have resulted in desertification, which can further result in an increase in temperature 
and create a vicious cycle.

The cumulative effect of water scarcity, glacial melting, disruptive precipitation patterns, flooding, ||
desertification, pollution, and soil erosion will be a massive reduction in the production of rice, wheat, maize 
and fish. Both India and China will face drop in the yield of wheat and rice anywhere between 30-50% by 2050. 
At the same time demand for food grains will go up by at least 20%. As a net result, China and India alone will 
need to import more than 200-300 million tonnes of wheat and rice, driving up the international prices of 
these commodities in the world market. This will have adverse impact on the poor all over the world. 

The dire need for water, electricity and flood control has led to construction of dams. Some of the dams do not ||
last as long as intended. Moreover, they result in displacement of local populations and have adverse impact 
on water flows of lower riparian countries in the case of the trans-boundary rivers. The speculation about 
China’s plans to build a dam at the Great Bend on Yarlung Tsangpo (Brahmaputra) and India’s River-Linking 
project are matters of concern, as they can reduce river flows in low season. Since the Himalayan region has 
high seismic activity, an earthquake can damage a dam and flood an entire region, causing devastation.

Water scarcity, decline in food availability, reduction in livelihood opportunities in rural areas, desertification, ||
soil erosion, sea-level rise and construction of dams will lead to displacement and migration of 50 to 70 million 
people in the four countries by 2050. Scientific estimates of potential migration figures are not available 
but based on past trends the risk of more than 100 million people migrating internally or to neighbouring 
countries will result in social conflict on communal or secular basis. Water scarcity and environmentally-
induced migration will exhibit reverse pattern as compared to the conventional economic migration. For 
instance, people will be displaced from Nepal’s Terai region, China’s northern provinces and river estuaries 
in the south-east, coastal districts of China and Bangladesh, northern provinces of India which have hitherto 
been the destination for migrant population due to industrial growth in these regions. In China, the number 
of economic conflicts will increase as a result of all this activity. In the other three countries social conflict may 
find ethnic, communal or religious expression.

Relations between India and China may become strained due to competition over expanding influence in ||
Nepal and especially, if China decides to build a dam or diversion project at Great Bend over Yarlung Tsangpo. 
Relations between India and Bangladesh may become strained due to a decrease in flow of rivers from India 
to Bangladesh and increase in refugee flow from Bangladesh to India. Relations between India and Nepal 
may become strained due to plans of either party to build dams on their side of the border. Though this 
deterioration of relations is unlikely to result in inter-state military confrontation, it can lead to new external 
alliances, producing fresh alignments and polarisation in Asia and ‘beggar thy neighbour’ politics, which 
can compromise the internal options of each country. Though the problems arising from water security are 
essentially internal, the solutions will need to be in the form of trans-boundary and sub-regional cooperation, 
especially if emerging Asia wants to convert adversity into an opportunity.

China shares flood forecasting data in the monsoon months with India and Bangladesh. This is supplied by ||
email twice a day. It is necessary to increase its frequency since sometimes 12 hours can prove to be too long 
to avert a catastrophe. It is also necessary to extend this data-sharing cooperation to the full year, particularly 
including the low flow periods.

China and India have institutional arrangements for cooperation on data-sharing to address climate change ||
and related problems in the Himalayan and Tibetan regions. It is necessary to actualise these arrangements 
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through concrete projects of high intensity, quality and magnitude.  More importantly, such arrangements 
need to be extended to sub-regional level by including Nepal and Bangladesh since many of the issues are 
interlinked across the four countries. A Regional Information Sharing Network is recommended.

The Dhaka Declaration on Water Security (Annexure 2) has proposed an expert committee to prepare a ||
roadmap for data-sharing and scientific exchange and to prepare guidelines for introducing transparency 
regarding relevant data.

Since quantitative issues are controversial, a beginning can be made with data sharing on water quality ||
monitoring. Already a network of experts for such a purpose has been established for the South Asian 
countries. It can be expanded to include China.

Nepal, Southwest China and Northeast India are landlocked areas. Water transport can provide new ||
connectivity, opportunities for trade and tourism and employment.  While India can link to its north-eastern 
states through Bangladesh, Nepal can connect to India through waterways. Water-based transport also tends 
to be more environment-friendly than other modes of transport.

The Brahmaputra can also be utilized for navigation, though combined with multi-modal transport in some ||
sectors where the river flow does not permit water-based transportation. 

The Himalayan sub-regional water transport can comprise of two corridors, with India and Bangladesh ||
as transit nations. The first segment includes Nepal-India-Bangladesh connecting Karnali, Narayani and 
Saptakoshi Rivers in Nepal to the National Waterways-1 in India. The second segment includes China-India-
Bangladesh connecting south-west of China to ports in Bangladesh through waterways in India. In exchange 
for navigational benefits, India and Bangladesh can secure concessions and cooperation from other countries 
in the region in other spheres as well. In addition, waterways in the Sunderbans can be developed further for 
promotion of the mangrove forests as a destination for eco-tourism and for use by smaller vessels. This will 
maximize the potential economic benefits of the waterways in the region. 

Nepal has a hydro-electricity generation capacity of 600 MW. Its potential capacity is 40 GW while the ||
potential demand for current population is about 2 GW. The demand is much higher if population and 
economic growth over the next 2-3 decades is taken into account. Thus, Nepal has the potential to export 
surplus power to India and China and to a lesser extent Bangladesh. India and China are currently investing 
in Nepal’s hydro-electricity creating scope for either cooperation or competition, depending on how they 
manage their relationship.

In preparation for the Copenhagen Summit on Climate Change in 2009, India and China established a ||
working group for cooperation. This can be complemented by a sub-regional mechanism for climate change 
cooperation to undertake studies on impact of climate change on the region by learning useful practices from 
each other and by mutually formulating policies for adaptation and mitigation.

Once trust and confidence are established through practical cooperation, data sharing, scientific exchanges, ||
hydro-electricity, irrigation, trade, transit, and tourism, the four countries can consider Integrated River 
Basin Management. The Integrated River Basin Management would require agreement on certain principles 
which are in conformity with the UN Watercourses Convention, Biodiversity Convention and the Ramsar 
Convention. If such an agreement on principles is possible, the next logical step would be to establish a river 
basin organisation. 

Collaboration on the management of the Ganges and Brahmaputra Rivers, under the umbrella of a Himalayan ||
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Rivers Commission (HRC), will enable all four countries to tap expertise that might not have been available 
under a nationally-driven framework. The establishment of consultative bodies working on different aspects 
of river management will also facilitate basin-wide water development. The ability to seek scientific and 
engineering advice at the highest level, for the collection of hydrological and climatic data, flood forecasting, 
environmental management, water quality monitoring and design and implementation of water projects are 
essential for a better understanding of the river basins. The idea of learning from the experiences of other 
countries and gaining an insight into how they are adapting to climate change and growing water insecurity 
could also be mutually beneficial. The onset of more erratic monsoons for instance, is a problem which will 
affect all the countries. This will necessitate research and development of hybrid crops as well as that of more 
sustainable water utilization practices – the former of which is currently being researched and implemented 
in India and China, and could be shared with Bangladesh and Nepal under the provisions of Himalayan River 
Commission.

Cooperation on the water issue should be looked upon as a means to a peaceful co-existence. Joint water ||
management offers the scope for people-to-people and/or expert-to-expert connections, thus creating a 
channel for peaceful dialogue irrespective of political and military developments.



GLOSSARY

Anthropogenic Anthropogenic refers to the environmental externalities in 
the form of chemical or biological wastes that are produced 
as by-products of otherwise purposeful human activities.

Aquifer A geologic formation, group of formations, or portion 
of a formation capable of yielding usable quantities of 
groundwater to wells or springs.

Backwater effect The effect which a dam or other obstruction or construction 
has in raising the surface of the water upstream from it.

Base flow The term refers to that part of the stream discharge that is 
not attributable to direct runoff from precipitation or melting 
snow; it is usually sustained by groundwater discharge.

Distributary A distributary is a stream that branches off and flows away 
from a main stream channel.

Evapotranspiration (ET) Evapotranspiration comprises the simultaneous movement 
of water from the soil and vegetation into atmosphere 
through evaporation (E) and transpiration (T).

Glacial lake outburst flood (GLOF) A glacial lake outburst flood (GLOF) occurs when a large 
portion of a glacier breaks off and massively displaces water 
in a glacial lake at its base. This can happen due to erosion, 
a buildup of water pressure, an avalanche of rock or heavy 
snow and an earthquake or cryoseism (sudden cracking 
action in frozen soil or rock saturated with water or ice).

Glacial meltwater Glacial meltwater refers to water from glaciers that have 
receded over time. Meltwater is the water released by the 
melting of snow or ice, including glacial ice and ice shelfs 
over oceans. Meltwater is often found in the ablation zone 
of glaciers, where the rate of snow cover is reducing.

Greenhouse gases (GHGs) GHGs refers to any of the atmospheric gases that contribute 
to the greenhouse effect by absorbing infrared radiation 
produced by solar warming of the Earth's surface. They 
include carbon dioxide (CO2), methane (CH4), nitrous oxide 
(NO2), and water vapor.

Groundwater The term refers to water that flows or seeps downward and 
saturates soil or rock, supplying springs and wells.



Overlap between surface and groundwater Part of the internal water resources which is common to both 
surface water and groundwater. It is the part of river runoff 
which originates from groundwater (baseflow) and/or the 
part of the groundwater recharge that comes from losses 
from water courses (particularly in arid areas or in karstic 
environment) and is thus accounted for both as surface and 
groundwater.

Peak Discharge The maximum instantaneous discharge of a stream or river 
at a given location. It usually occurs at or near the time of 
the high flow period.

Permafrost Layer of soil or rock, at some depth beneath the surface, in 
which the temperature has been continuously below 0 °C for 
at least some years. It exists where summer heating fails to 
reach the base of the layer of frozen ground.

River discharge The rate at which water passes a given point. Usually 
expressed in cubic feet per second.

River runoff River runoff includes all the water coming in directly to 
the hydrological network during rainfall or snowmelt, plus 
groundwater from the upper aquifers feeding rivers more or 
less evenly throughout a year.

Salt water intrusion The movement of salt water into fresh water aquifers.

Surface runoff The runoff that travels overland to the stream channel. Rain 
that falls on the stream channel is often included with this 
quantity.

Topography The term refers to the features on the surface of an area of 
land.

Transboundary The term refers to crossing or existing across national 
boundaries. The term "transboundary waters" refers to 
sources of freshwater that are shared among multiple user 
groups, with diverse values and different needs associated 
with water use.

Vector-borne disease A disease that is transmitted to humans or other animals by 
an insect or other arthropod.

Water scarce A per capita water availability of  below 1000 m3 per year

Water stress A per capita water availability of below 1700 m3 per year

Water table Water table refers to the top of the water surface in the 
saturated part of an aquifer.

VIII



ABBREVIATIONS

ABCs Atmospheric Brown Clouds

ASEAN Association of Southeast Asian Nations

BIISS Bangladesh Institute of International and Strategic Studies

BIMSTEC Bangladesh, India, Myanmar, Sri Lanka and Thailand Economic Cooperation

BIPSS Bangladesh Institute of Peace and Security Studies

CMIE Centre for Monitoring Indian Economy

FAO Food and Agriculture Organization

GCM General Circulation Models

GMS Cooperation Greater Mekong Subregional Cooperation

HYV High Yielding Variety

ICIMOD International Centre for Integrated Mountain Development

IDPs Internally Displaced Persons

IITM Indian Institute of Tropical Meteorology

IPCC Intergovernmental Panel on Climate Change

IWMI International Water Management Institute

JCWR Joint Committee on Water Resources

MOU Memorandum of Understanding

NCZMA National Coastal Zone Management Authority

NEERI National Environment Engineering Research Institute

OECD Organisation for Economic Co-operation and Development

ppb Parts per billion

REDD Reducing Emissions from Deforestation and Forest Degradation

SAARC South Asian Association for Regional Cooperation

TERI The Energy and Resources Institute

UNCCD United Nations Convention to Combat Desertification

UNEP United Nations Environment Programme

UNFCCC United Nations Framework Convention on Climate Change

WASSA Water and Security in South Asia

WHO World Health Organization

WWF World Wildlife Fund

YRCC Yellow River Conservancy Commission
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Introduction

Geography
Much like the oil crisis in the twentieth century, scientists and policy makers predict that water will be the most 
contested precious resource in the twenty-first century. Over the last few decades, fresh water has gone from 
being an abundant natural resource to one that is fast disappearing before our very eyes. Even as the fresh water 
resources of the earth are in danger of being depleted due to overuse, the effects of climate change have come in 
to play and have only served to aggravate and even complicate the issue. The situation is the bleakest in the basins 
of the major Himalayan Rivers in Asia. These basins are located in countries whose combined populations constitute 
roughly one-third of the world’s population. Besides being rapidly emerging economies, they also have expanding 
industries and urban centres. These, along with multiple other factors, make the examination of water security in 
the Himalayan River Basins imperative and urgent.

The Himalayan Rivers studied in this paper are: 

The Yellow (Hwang Ho) and Yangtze in China; 1.	
The Karnali, Saptakoshi and Gandaki in Nepal; 2.	
The Ganges, Brahmaputra and Yamuna in India and3.	
The Ganges, Brahmaputra and Meghna in Bangladesh. 4.	

These rivers have been selected for the significance each of them holds in their country’s water scenario. With 
the exception of the Yellow, the Yangtze and the Yamuna, all these rivers are trans-boundary, thus making their 
individual fate a regional issue, apart from being a serious national one.  

The Yellow and the Yangtze Rivers both originate in Tibet - the Yellow in the Kunlun Mountains and the Yangtze in the 
Qinghai-Tibetan Plateau. While the former ends in the Bohai Sea, the latter merges with the East China Sea. 

The Ganges originates in the Gangotri Glacier in Uttarakhand, although it is considered that the Bhagirathi River 
which rises from the glacier at Goumukh at an elevation of 7756 metres is the actual source. The source of the 
Yamuna River is the Yamunotri Glacier in Uttarakhand. The Yamuna is a major tributary of the Ganges with its 
confluence point in Allahabad. 

All three of Nepal’s major rivers flow into the Ganges in India. The Karnali rises in Tibet from glaciers in Mapchachungo, 
and enters India, where it is known as the Ghaghara. The Ghaghara joins the Ganges west of Patna. The Gandaki 
rises in the Tibetan Plateau in the Mustang district of Nepal near its border with Tibet. The Gandaki enters India 
where it is known simply as the Gandak and it joins the Ganges east of Patna. The Saptakoshi which originates in 
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the Himalayas, flows through Nepal lying west of the 
Kanchenjunga Mountain, and enters India where it is 
known as the Kosi. The Ganges is joined by the Kosi 
shortly after Bhagalpur in India.

Representation of Population of Himalayan 
River Basins vis-à-vis World Population & 
the Populations of China, Nepal, India and 
Bangladesh

The Ganges flows into Bangladesh between the districts 
of Rajshahi and Kushtia. From here, it flows south-
easterly for about 212 kilometres to its confluence 
with the Brahmaputra, where it is called the Padma. 
The Padma flows for about 100 kilometres to join the 
Meghna River at Chandpur. The Meghna River rises as 
the Barak River in the Manipur Hills in India, which are 
a part of the Sub-Himalayan ranges, at Chandpur. The 
Meghna then ends into the Bay of Bengal. 

The Brahmaputra River, India’s longest river originates 
in the Chemayungdung Glacier on the slopes of the 
Himalayas, about 100 kilometres south-east of Lake 
Mapan in south-western Tibet. The Brahmaputra 
is known as the Yarlung Tsangpo in Tibet. The river 
enters India through Arunachal Pradesh at which point 
it is known as the Siang River. From here it flows into 
the plains of Assam where it is known as the Dihang 
River. The river flows for about 35 kilometres before it 
is joined by the Dibang and the Lohit rivers. From here 
on, it is known as the Brahmaputra. The Brahmaputra 

enters Bangladesh from the north of the Kurigram 
District flowing south for about 270 kilometres to 
join the Ganges at Aricha about 70 kilometres west of 
Dhaka in Central Bangladesh.

Declining Water Availability
China, Nepal, India and Bangladesh have seen their total 
water resources and water availability drop steadily 
over the last few decades. In the next two to four 
decades, these numbers are expected to fall further, 
reaching dangerous and potentially unsustainable 
levels in some of the countries. According to the World 
Bank, per capita water availability below 1700 cubic 
metres per annum is considered water-stressed and a 
number below 1000 cubic metres is considered to be 
water-scarce. 

All the four countries will face depletion of freshwater 
resources on account of climate change, disruptive 
precipitation and other natural factors, without 
considering pollution and demand management 
inefficiency. At the same time, they will witness 
growth of their population, which will stabilise in the 
case of China around 2030 but will continue to expand 
in the case of other countries at least until 2050. As 
a result, per capita water availability will decline. As 
compared to 2010, it will be substantially reduced by 
2030 as follows: from 2150 at present to 1860 cubic 
metre in 2030 in case of China, from 1730 to 1240 
cubic metre in case of India, from 7320 to 5700 cubic 
metre in case of Bangladesh, from 8500 to 5500 cubic 
metre in case of Nepal. As compared to the two large 
countries, Bangladesh and Nepal will still have per 
capita water availability at a much higher level of 
higher than 5000 cubic meters. As this report will aptly 
illustrate and assess, the water security of both these 
countries in the future cannot be taken for granted 
despite impressive statistics of fresh water availability. 
A combination of groundwater and river runoff forms 
the bulk of the water resources of China, Nepal, India 
and Bangladesh. Rain is vital to both, groundwater 
levels and river runoff. Despite the fact that the 
Himalayan Rivers are glacier-fed, they are also very 
dependent on rainwater for their sustenance. In all of 
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Population in billion

World Population

China, Nepal, India and Bangladesh Population

Himalayan River Basins Population

6.69

2.65

1.26



the four countries, the volume of the river runoff far 
exceeds that of the available groundwater. Moreover, 
both India and China having over-exploited and nearly 
depleted their groundwater reserves are now all the 
more dependent on river water for the daily needs of 
their populations. 

In 2007, over 95% of China’s water resources were 
attributed to river runoff, underground water resources 
accounting for only 5% of it. The total renewable water 
resources for China that year stood at 2800 BCM. Of 
this, river runoff accounted for 2711.5 BCM and the 
remaining 100 BCM was the volume of underground 
water.

Nepal’s story is similar to that of China, although its 
groundwater is in a comparatively better condition 
and is still under-utilised for lack of development and 
infrastructure. The total available water resources 
in Nepal were estimated to be at 237 BCM in 2003. 
This includes runoff of all rivers at 170 BCM (71%), 
groundwater at 12 BCM (5%) and remaining at 55 BCM 
(24%) made of other surface water resources including 
glacier water, glacial lakes, and snow melt.

The total river runoff of Bangladesh, like Nepal and 
China, far exceeds the underground water resources 

of the country. However, groundwater constitutes 
an important factor in Bangladesh’s water resources. 
Close to 97% of Bangladesh’s rural population depends 
on groundwater for daily drinking water needs, 
particularly in the dry summer season (November-
May), when the rivers experience low water flows. 
It is estimated that the total annual river runoff in 
Bangladesh is approximately 1190 BCM (average 
figures for 2003-2007), while groundwater resources 
are only about 21 BCM. Bangladesh’s groundwater 
is also affected by salinity due to sea water intrusion 
along the coastal areas. The country’s total renewable 
water resources stood at 1211 BCM for the same time 
period. 

The ratio of India’s river runoff to groundwater is better 
than that of China, Nepal and Bangladesh, although 
due to its high population density, groundwater in the 
country is often over-exploited. As of 2006, India’s total 
groundwater resources stood at 433 BCM. In the same 
year, the total river runoff of all Indian rivers combined 
was about 1869 BCM. The groundwater resources of 
India in 2006 were roughly one-fourth the size of the 
river runoff of the country, while the total internal 
renewable water was estimated at 1907.8 BCM per 
year. 
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India’s dependence on groundwater has led to the over-
exploitation of this valuable resource as tube wells are 
being dug deeper into the ground. According to the 
Ministry of Water Resources, 58% of the country’s 
groundwater has been developed. Furthermore, a 
World Bank report states that 15% of all aquifers are 
already in a state of critical condition, a number which 
is expected to increase to 60% within the next 25 
years. It is not surprising that groundwater resources 
are being overexploited, given that a large proportion 
of the country is dependent on groundwater acquired 
through tube wells. There have been reports suggesting 
that approximately 20 million tube wells have been set 
up in India and more than 50% of irrigated areas are 
being fed by groundwater. As a result, despite India 
having the best groundwater to surface water ratio 
compared to those of China, Nepal and Bangladesh, 
the country will gain little respite due to the gross 
overuse of its groundwater resources.

Ratio of National Groundwater Resources to 
National River Resources

Thus, the four countries covered within the scope of 
this report have varying levels of dependence on their 
groundwater resources. The groundwater resources 
have been developed to varying degrees, subsequently 

making an impact on their utilization rate.

Significance of the Himalayan Rivers
Of the hundreds of small, medium and large rivers of 
China, Nepal, India and Bangladesh, this paper focuses 
more on those that are fed by the Himalayan glaciers.  
In the case of India and China, while these river basins 
are significant in the overall national perspective, they 
do not occupy the entirety of the country. They do, 
however, support large populations, thereby linking 
their fates to the fate of almost half the populations 
of each of these countries. That would put the rough 
estimate of those affected by just the Indian and 
Chinese Himalayan rivers at over 1 billion people. 
Nepal and Bangladesh represent a different side of 
the spectrum. Both are small countries and the three 
basins combined in each of the two countries occupy 
almost the entire geographical expanse of Nepal 
and Bangladesh. The fate of the Himalayan Rivers in 
Bangladesh and Nepal is closely linked to that of their 
individual populations.

China has over 50,000 rivers, which provide close to 
2711.5 BCM of water. The country’s major river systems 
are the Yangtze, Yellow River, Huahe, Haihe, Songhua, 
Pearl and Liaohe. Their individual annual runoffs, the 
Yellow with 58 BCM and the Yangtze with 1000 BCM, 
together contribute 39% of the total runoff of all the 
Chinese rivers. The Yellow River is the second-longest 
river in China and its basin covers over 795,000 square 
kilometres of land, roughly 8% of China’s total land area. 
The Yangtze River basin accounts for almost one-fifth 
of China’s land area in square kilometres and covers 
19 provinces. As of the year 2000, the population in 
the basin of the Yellow River was 189 million people, 
and that of the Yangtze River basin was 400 million 
people, which equates to 15% and 31.5% of the entire 
country’s population respectively. 

Glacial melted water and snow cover are important 
contributors to the flow of the Yangtze, Yellow, Mekong 
and Salween. The waters from these rivers are vital to 
China’s western region especially in the dry season – 
sustaining approximately 23% of people in the area 
during this time. However, as with India, majority of 
the rivers in China are rain- dependent, with only a 
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few in the western region being snow-fed and glacier-
fed. Most of China’s larger rivers flow from the west 
to the east of the country. Those in the south, such as 
the Yangtze and Pearl River are defined by large water 
flows, small seasonal variations in water-levels, large 
number of tributaries and small silt loads due to heavy 
annual precipitation and warmer temperatures. 

Rivers to the north, such as the Yellow and Liaohe 
flow through semi-arid areas of the country, where 
the precipitation is limited, soil erosion is high and 
winter temperatures are low. This results in the rivers 
having low flows and large seasonal variations. Also, 
the northern rivers are largely over-utilized. The Yellow 
River’s utilisation ratio is at 70% in comparison to 
international parameters that require the ratio to be 
below 40%. It is important to note that high utilisation 
levels are primarily due to the correspondingly high 
population levels. The northern part of the country 
hosts approximately 50% of the population, with 14% 
of the water resources. In such a situation, there is 
bound to be a lot of pressure on the already limited 
water resources in the country.

India has a large network of rivers, all of which are 
characterised by very large variations in their water 
discharge due to seasonal rainfall and prolonged dry 
periods. The country’s rivers are classified into large, 
medium, and minor, of which 15 are considered large, 
45 are medium and, over 120 minor. India’s rivers are 
usually described according to their origin – either as 
Himalayan and Peninsular or, East and West flowing. 
The majority of India’s rivers are rain-fed, with the 
exception of those originating in the Himalayas. The 
peninsular and central rivers of India are more likely 
to face water scarcity issues. With rising temperatures 
and sporadic rainfall, water quality deteriorates and 
the already limited water supplies are unable to meet 
increasing demands for water. This in turn, will increase 
dependence on the Himalayan Rivers. 

The contribution of the three Himalayan Rivers of 
India, the Ganges, the Yamuna and the Brahmaputra to 
the annual river flows of the country is approximately 
1203 BCM - 525 BCM from the Ganges, 93 BCM from 
the Yamuna and 585 BCM from the Brahmaputra. 
This equates to approximately 64% of the total 1869 

National Groundwater and National River Water as a Percentage of Total Renewable Water Resources

* When the total internal renewable water resource of a country is calculated, the total surface water resources of the country and the 

total groundwater resources of the country are added together. From this number, an ‘overlap’ is deducted to reach the final total, i.e. 

the total internal renewable water resources of the country. The overlap is the volume of water resources that is ‘effectively shared as 

it interacts and flows in both the groundwater and surface water systems’. This ‘overlap’ is equal to groundwater drainage into rivers 

(typically, base flow of rivers) minus seepage from rivers into aquifers. If this number were not deducted from the total, it will effectively 

result in the volume that is shared being counted twice. 

For example, the total surface water of China is 2711 BCM. The total groundwater in China is 829 BCM. However, the overlap is 729 

BCM, which has been counted twice. Therefore, the total internal renewable water resource of China is calculated as follows: 2711 BCM 

+ 829 BCM – 729 BCM = 2811 BCM

Similarly, the total surface water of India is 1869 BCM. The total groundwater in India is 433 BCM. However, the overlap is 394 BCM, 

which has been counted twice. Therefore, the total internal renewable water resource of India is calculated as follows: 1869 BCM + 433 

BCM – 394 BCM = 1908 BCM

Country
 

China (2007)
Nepal (2003)
India (2006)
Bangladesh (2008)

Total Water 
Resources 

2800 BCM
237 BCM

1907.8 BCM
1211 BCM

Groundwater as a % of 
total water resources

3.6
5.06
22.6
1.73

River Water as a % of 
total water resources

96.8
71.7
97.9
98.2

Overlap* 

729
NA

394.2
NA
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China : Yellow River (Huanghe) and Yangtze River (Changjiang)

BCM of annual river flow in the country. In addition, 
the average water yield per unit area of the Himalayan 
Rivers is almost double that of the southern peninsular 
rivers, reiterating the importance of snow and glacier 
melt contribution.

Nepal has over 6000 rivers, all of which are snow-fed 
and originate in the Himalayas, making them perennial 
in nature. Most of the country’s rivers drain from the 
north to the south into India, although a few drain 
from the west to the east as well. There are several 
rivers which flow towards the south of the country. 
Their shallow nature means that they invariably run 
dry during the lean season. Nepal’s rivers are prone to 
flooding during the monsoon season, reiterating the 
notion of ‘too much water too little water’. Nepal’s 
rivers contribute as much as 71% or 170 BCM of water 
towards the country’s total water availability of 237 
BCM. 

The Karnali, Gandaki and Saptakoshi have annual 
runoffs of 44, 50 and 45 BCM, respectively. These 

three major rivers of Nepal, account for most of the 
country, or 70% in terms of drainage area; they also 
account for 80% of Nepal’s total river runoff. Apart 
from being the main and most valuable source of 
water for Nepal, the rivers offer a vast, and as of yet 
untapped potential of hydropower and irrigation. 
The country’s profitable white water rafting industry, 
along with Nepal’s prominent tourism industry, is also  
heavily dependent on these three rivers. The major 
rivers of Nepal are not only important to the country, 
but also to its neighbour India. These rivers are the 
largest contributors to the Ganges River when they 
flow into India from Nepal. Together, the three rivers, 
and to a much smaller extent, the other trans-boundary 
rivers in Nepal make up for about 41% of the annual 
flow of the Ganges. 

Bangladesh is comprised of 230 river systems, of 
which 57 are trans-boundary, with three flowing from 
Myanmar and the rest from India. Bangladesh’s rivers 
make an important contribution towards sustaining 
agriculture, fisheries and navigation, GDP growth and 
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employment. While Bangladesh cannot be called a 
physically water-scarce country, it does receive more 
than 80-90% of its annual fresh water supplies from 
beyond its borders. The two principal Himalayan trans-
boundary rivers in Bangladesh are the Ganges and 
the Brahmaputra. These two rivers contribute about 
80% of the total trans-boundary inflow of 1100 BCM. 
The Brahmaputra River and its tributaries contribute 
around 54% and the Ganges River and its tributaries 
contribute around 31% of the runoff. 

The Meghna River also contributes around 15% of the 
runoff along with other minor rivers. All the minor rivers 
with the exception of those in the Chittagong region 
belong to one or the other of the three major river 
systems. The Himalayan Rivers are also of economic 
importance to Bangladesh since they provide water to 
most of the country during the dry season. The three 
main sectors in Bangladesh - agriculture, fisheries and 

navigation - are highly dependent on the availability of 
the water resources. However, as with the rivers of the 
other Himalayan sub-regional countries, here too there 
are hurdles to a good water supply like considerably 
high levels of pollutants in the rivers, inadequate 
storage facilities and transportation infrastructure.

Highly variable precipitation patterns, dependence 
on monsoons, gaps in infrastructure development, 
pollution, growing water demands and climate change 
are various factors leading to limited water supplies 
and a consistent water scarcity situation.

Climate Change
It has now been established that water security in 
countries like China, Nepal, India and Bangladesh 
is intricately linked to the health of the Himalayan 
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glacier-fed rivers in each country. Over-exploitation 
and in some cases, under-development pose a serious 
challenge to securing water resources – an issue 
which is further complicated by climate change. As 
the effects of global warming on glaciers and rainfall, 
become increasingly apparent, the water security of 
the Himalayan River basins has been compromised. 

The glaciers in the Himalayas, the source region of all 
of the rivers are melting. There is also lack of reliable 
data and scientific consensus on their rate of depletion. 
Besides, higher temperatures have altered existing 
monsoon patterns making the rains infrequent, 
unreliable and unpredictable. The rivers, which are fed 
by a combination of glacier melt and rainwater, have 
already started displaying the effects of these new 
and extreme patterns. Wet season flows have become 
unreliable, leading to a direct and negative impact on 
agricultural practices. Floods have become a much 
more common occurrence, as have winter droughts. 
Rivers that were once perennial have now started to run 
dry several days of the year. Increasing temperatures 
have led to greater evapo-transpiration - the release 
of water from the surfaces of plants, soil, and other 
objects through evaporation. Salt water intrusion due 
to rising sea levels has caused groundwater to become 
saline and therefore, unsuitable for irrigation. All of 
these consequences can be traced back to climate 
change.   

Issues like food security, human security, economy, 
health, and conflict are all related to the issue of  
securing water resources in the sub-region. The aim 
of this paper is to examine the water security in these 
basins and to understand how, through the con-
vergence of various factors, including climate change, 
there continues to be a threat to water resources and 
subsequently to human security in the region.

Share of Himalayan Rivers in National River 
Flows

Introduction
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Source: http://assets.panda.org/downloads/himalayaglaciersreport2005.pdf
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The Himalayan Rivers are perennial in nature owing to the glaciers that feed them and provide them with a 
constant flow of water. Various parts of the rivers receive different quantities of water from the glaciers that they 
originate from, depending, in part, on their distance from the source region. By the time the Himalayan Rivers enter 
Bangladesh, they are almost entirely rain-fed, thereby making the impact of the glacier melt indeterminate with 
regard to the water fortunes of the country. However, it is important to note that it is the perennial nature of the 
rivers that allows the water to reach Bangladesh in the dry season (November-May). In the case of Nepal, the status 
of the origin of glaciers is yet to be mapped clearly. This has brought about some amount of ambiguity as to the 
impact of warming temperatures on the three rivers. It is roughly estimated that glaciers contribute up to 10% of 
stream flows of the rivers of Nepal. The contribution of the glaciers to the flow of water in the rivers makes them 
an important aspect of this study, particularly as the perennial nature of the rivers is dependent on the security of 
the source region.

It is estimated that the amount of water that China receives from glaciers annually is almost equal to the amount 
of water that flows out to the sea from the Yellow River during the same period, that is, approximately 58 BCM. 
Reports suggest that about 20% of the Yangtze is glacier-fed. The extent to which glaciers contribute to the Yellow 
River is estimated to be relatively small, at approximately 1.3%. 

In India, the Ganges is 7% glacier-fed up to Devprayag in the upper reaches. Overall, snow and glacier melt contribute 
constitute about 29% of the annual flow at Devprayag.  It is during the summer months (March-June), that the 
Ganges is most dependent on glacier melt water, with up to 70% of the river fed through the glaciers during this 
time. 

The Yamuna, on the other hand, is fed by a cluster of 52 glaciers covering a total area of 144.47 km², with a total 
volume of 12.21 BCM. The river is dependent on the glaciers for about 13.1% of its total flow. There have been 
few studies conducted to assess the contribution of glaciers to the flow of the Brahmaputra River – although it is 
estimated that up to 12.3% of the Brahmaputra is contributed by glaciers.

Impact of Climate Change on Glaciers
The rise in global mean temperatures has resulted in the acceleration of glacier melt, a fact reinforced by the 
governments of China, Nepal and India, as well as by studies carried out by the IPCC and ICIMOD. The general 
consensus is that there will be an increased incidence of glacier melt and snow cover melt in the future, which will 
mean an initial increase in flow in the Himalayan glacier-fed rivers. However, over a period of time, there could be 
a reduction in water availability during the dry season (November-April/May), particularly on the rivers dependent 
on glacier melt water for water flow. Apart from decreasing dry season flows, there is growing concern that several 
of the glaciers could eventually disappear, if climate change continues to remain unchecked.  
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The impact of these melting glaciers will be most 
detrimental to India and China in the next few years. 
According to China’s Initial National Communication 
to the UN Framework Convention on Climate Change, 
glaciers in Western China could decrease overall by 
27% by 2050. Some regions could be worse affected 
than others. Due to reduced glacial flows and rising 
temperatures, the per capita water availability is 
expected to reduce by 20-40% by 2080. Of all the 
Himalayan glaciers, the ones that are melting at the 
most drastic rate form the origin of the Yellow River. 
17% of the glaciers at the source of the Yellow River 
have been lost in the past 30 years alone. 

Glaciers at the source of the Yangtze, which is very close 
to the source of the Yellow River, are also decreasing at 
a fast rate. Over the past 50 years, the average annual 
temperature at the source region of the Yangtze River 
has increased by as much as 2°C; over the next 50 
years, the temperature is expected to increase at an 
even greater rate, affecting the ecology of the area and 
eventually reducing the glacial melt flowing into the 
river. Glacial runoff is expected to increase across the 
Tibetan plateau by 2050. The ‘Yangtze Conservation 
and Development Report 2009’ by the China Academy 
of Science estimates that by 2030, the glacial area at 
the source of Yangtze will be reduced by 6.9% from 
the level recorded in 1970. The glaciated area in 

the Yangtze River source region has decreased from 
899.13 km² in 1986 to 884 km² in 2000, or a reduction 
of 14.91 km² in 15 years. This area is being especially 
affected by global warming, retreating glaciers, melting 
permafrost and dying vegetation.

The Himalayan region, which is known as the “Water 
Tower of Asia”, supports 9575 glaciers in India and 
covers an area of approximately 18,000 km² and a total 
volume of 1300 km³. Over the past few decades, the 
Gangotri glacier, the principal source of the Ganges, 
has been retreating at a rate of between 22 and 27 m/
year. As with the glaciers that feed the Ganges River, 
the Yamuna’s source of water is depleting, as the 
glaciers melt. However, since the rate of retreat is not 
available, it is not possible to determine how soon and 
to what extent the river will be affected. 

The glaciers supplying water to the Brahmaputra River 
are also receding. The most significant probability of 
glacial melt on the Brahmaputra is on the Chinese 
side. It goes on decreasing from the east to the west, 
being lowest at Samsang, near the source of the 
Yarlong Tsangpo. Over the century, the flow in this 
area may reduce by 20-70%, depending closely on 
the exact increase in temperature. By the time the 
river enters India, the reduction is marginal around 
10-30% in Singing in Arunachal Pradesh, very close to 
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the Great Bend and the India-China border. However, 
when the effects of temperature are coupled with 15% 
less precipitation, the river flow may reduce by 30% by 
2050 and 60% by 2100 at Singing.

There is disagreement among scientists about the 
impact of climate change on glaciers. The Government 
of India and the IPCC differ over their views on the rate 
at which the glaciers are melting and by when they will 
disappear. The official government stance subscribes 
to the belief that the IPCC assessment is ‘alarmist’. 
The Government of India, which acknowledges that 
the glaciers are shrinking in volume and are constantly 
showing a retreating front, believes that they have not 
yet exhibited any abnormal annual retreat. In its 4th 
assessment report, the IPCC estimated the area covered 
by glaciers at 500,000 sq. kilometres, and speculated 
that this would reduce to 100,000 sq. kilometres some 
where around 2035. It was discovered later on that 
these 500,000 sq. kilometres represented glacier area 
in the entire world outside the polar region and that 
the IPCC had made a mistake in its 4th assessment 
report. Also, the year by when glaciers would largely 
deplete was actually 2350 and not 2035. Thus, IPCC 
was 300 years wide off the mark. However, in the 
history of the planet, 300 years is still a short period of 
time. For glaciers that have been there for thousands 
of years, melting in 300 or even 600 years’ time would 
be disastrous. Research by ICIMOD reveals that the 
total area of the Himalayan glaciers is around 100,000 
square kilometres. The ICIMOD does not share the 
IPCC alarmist view of the rate of glacier melting at a 
fast rate but it does share the view that some glaciers 
are indeed melting and risk depletion over the next 
few centuries. The main problem is the lack of data. 
There are relatively few meteorological stations in 
Tibet and other parts of the Himalayan region that are 
designed to track glaciers. This means that the debate 
on glaciers is predominantly based on assumptions 
and old data. While the Governments of China, Nepal 
and India have initiated steps to establish scientific 
and expert level bodies to study the glaciers and the 
impact of global warming, there is still considerable 
work yet to be done. 

Under the circumstances, it would be safe to assume 
that glaciers would melt to a certain degree in the 
first half of this century and risk depletion over the 
next few centuries, though we do not have precise 

milestones. We can use the Chinese and Indian 
government estimates, presented by their official 
Climate Change Commissions and environmental 
bodies as approximate indicators.

Climate Change and the Himalayan 
Rivers
The Yellow River has been affected by global warming 
at its source region, with the area experiencing warmer 
and drier climate. About 55.6% of the Yellow River’s 
flow is provided by the area just above Lanzhou. 
Lanzhou lost water at an average annual rate of 13% 
during the 1980s. In 2002, the water flow above 
Lanzhou dropped by 46% when compared with the 
annual volume of the water in the river. 

According to a study carried out by China’s Ministry of 
Land and Resources in collaboration with the Beijing 
Normal University, the stream flow of the Yellow River 
is likely to reduce even further, by 4.8% in 2020 and 
6.4% in 2050 while annual precipitation will increase 
by 3.47% by 2020, and 6.42% by 2050. Glacial runoff 
is expected to increase by 5%-30% across the plateau; 
with some areas experiencing an increase as high as 
50%. Eventually however, the Yellow River is expected 
to become seasonal in nature. 

Permafrost in the Tibetan plateau is also likely to 
decrease between 5% -15%. This could also lead to an 
increase in soil temperatures over the next 30-50 years, 
which could then result in landslides and alterations 
to the ecology. More specifically, desertification in the 
Tibetan plateau could be a possible outcome of all this. 
These interdependent factors like rising temperatures, 
melting permafrost and drying vegetation at the 
source region could take a toll on the main rivers of 
China. This has also affected the hydrology, flow and 
ecosystems of these rivers downstream. 

The largest impact of the retreating Gangotri glacier 
will be felt in the upper reaches of the Ganges River, 
where melt water contributes significantly to river 
flow. However, the impact of glacier melt towards the 
middle and lower reaches is expected to be negligible, 
as the major determinant of river flow within this 
sector is rainfall. At Haridwar, for example, the river is 
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70% monsoon-fed. However, many of the river’s major 
tributaries, like the Yamuna, Alaknanda and Ghaghra 
are glacier-fed. In addition, it is important to note that 
the biggest impact of the retreating glaciers will be felt 
during the dry season (October-May/June). 

A World Wildlife Fund (WWF) report states that as 
temperatures rise and the Gangotri glacier continues to 
melt, there will be an initial increase of approximately 
20% to the flow of the Ganges River. However, the flow 
of the river is eventually expected to decrease by 20%, 
with lesser glacier melt water being carried into the 
river system. The impact is likely to be detrimental to 
the region, with increasing demand for water at the 
household, industrial and agricultural level, coinciding 
with reduced river flows during the dry period. 

Similar to the Ganges, the retreat of glaciers at the 

source region of the Yamuna is also likely to impact 
the flow of the river during the lean season (October-
April/May). However, as the glaciers have not been 
extensively mapped, and the rate of retreat is yet to be 
determined, precise predictions about the quantum of 
river flow affected will be difficult to ascertain. To a 
certain extent, analysis into the future of the Yamuna 
River can be drawn from the Ganges, given that both 
rivers are experiencing glacial retreat at the source 
region. In the short term, there will be an increased 
flow in the Yamuna, a trend which will eventually break, 
as the river becomes seasonal in nature. Moreover, 
there is possibility of an increased threat of flooding as 
the melting glaciers send surplus water downstream, 
to an area which has historically been poor at flood 
management. In addition, given that the Yamuna is 
one of the major tributaries of the Ganges and that the 
average runoff of the Yamuna is 61% of the total runoff 

Map of Meteorological Stations in Tibet and China’s Southwest Province. 

Source: Xi Chen, “Precipitation and temperature trend analyses in the last five decades for the Southwest China“ presentation 
at Second International Workshop on Himalayan River Basins hosted by SFG - BIPSS at Dhaka on January 16, 2010
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at Allahabad (the confluence point with the Ganges), a 
reduction in water flow due to a retreating Yamunotri 
glacier is likely to have a major impact on water flow 
downstream.

Studies on the impact of climate change on the 
Brahmaputra River predict different reactions to climate 
change at different sections of the river. In addition, 
it is important to note that most of the studies that 
have been conducted on the Brahmaputra, measure 
the impact of climate change in relation to annual flow 
of the river. Therefore, the findings can be misleading 
as the Brahmaputra has a high variability in seasonal 
flows. 

At the point where the Brahmaputra enters India, 
the river is expected to reach a 30% reduction in 
annual flow by 2050 and a 60% reduction by 2100 
because of climate change factors – in particular rising 
temperatures in the Tibetan plateau and predictions of 
15% less precipitation. In the mid to lower portions, as 
the river flows through Assam and south from Pandu 
into Bangladesh, studies predict that the annual flow 
will increase up to the year 2100. Meanwhile, studies 
conducted by Klaus Seidel and Jaroslav Martinec use 
satellite imagery of the snow cover to predict that 
the yearly runoff by 2030 will be 25% higher than 
that in 1995. This would be primarily due to extreme 
precipitation events from June to September. The 
studies also indicate that increasing peak flows will 
largely contribute to the increase in the projected 
annual flow. In addition, research by the Hadley Centre 
for Climate Change and Research indicates that once 
the snow has melted, the average annual runoff of the 
Brahmaputra will decline by approximately 14%.

According to the Bangladesh Centre for Advanced 
Studies, peak discharge in Nepal is expected to shift 
from August to July due to the melting of snow cover on 
mountains sooner than anticipated.  In addition, 20% 
of the present glaciated area above the 5000 meter 
altitude is likely to be a snow and glacier-free area with 
an increase in air temperature by 1°C. Similarly, a 3°C 
and 4°C rise in temperature could result in a loss of 
58% and 70% of snow and glaciated areas respectively, 
although this temperature rise is likely to occur close 
to the end of the century. This development would 
also accelerate the forming of glacial lakes that are 
susceptible to bursting. According to the Bangladesh 

Centre for Advanced Studies, ‘hydrologists in Nepal 
agree that runoff will initially increase as glaciers melt 
and later decrease as the de-glaciation progresses. 
In addition, decreased winter snowfall will result in 
less precipitation being stored on the glaciers, which 
would in turn decrease the spring and summer runoff. 
Winter runoff, however, is expected to increase due 
to the earlier snowmelt and a greater proportion 
of precipitation coming in as rain. This inter-annual 
variability will affect the operating efficiency of plans.’

Painting a concrete picture about the state of the 
Himalayan sub-regional rivers by 2050, with specific 
regard to their source glaciers, is a difficult prospect. 
Taking into account the present trends in glacial melt 
and predicted rise in temperatures, together with 
scientists’ predictions of changed rainfall patterns, one 
can arrive at a conclusion that the Himalayan Rivers, 
in particular the large ones, will experience larger 
flows at first, due to a high incidence of glacier melt. 
However, this is more likely to be a short-term impact, 
and will be tempered by a steady decline of annual 
flow and more importantly, dry season flow in the long 
run. Unless climate change is dealt with and kept in 
check over the next few decades, there is a possibility 
that many of the glaciers that feed these rivers will 
completely disappear in a few centuries; permanently 
damaging the rivers and adversely affecting the 
populations that depend on them. Since many of the 
rivers are trans-boundary, the impact of the variable 
flows extends beyond just one country. Any reduction 
in the Ganges or the Brahmaputra will have an impact 
not just on India, but also on Bangladesh. Similarly, 
the three major rivers of Nepal flow directly into the 
Ganges and, any alteration to their flow will impact 
the Ganges in India, and subsequently the Ganges in 
Bangladesh. 

The glaciers are closely linked to the rivers they 
supply water to. Likewise, the state of the rivers is 
also dependent on rainfall patterns and the monsoon 
season in each of the countries. To gain an overall 
understanding of the future scenario for the rivers, it 
is important to study the situation in its entirety, taking 
into account changing rainfall patterns as well as the 
impact of retreating glaciers. To this end, the paper 
will next discuss rainfall patterns in the future and also 
how rainfall influences these rivers.
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In the twentieth century, climate change has resulted in the rapid melting of 
glaciers, giving rise to a large number of glacial lakes. With global warming 
accelerating the rate at which ice and snow melts, the water level in these 
lakes has been rapidly increasing. At times, the lakes discharge large volumes 
of water and debris, resulting in floods downstream. The process due to 
which this occurs is commonly referred to as, ‘Glacial Lake Outburst Floods.’ 

The melting of glaciers in the Himalayas as a result of climate change 
has resulted in the formation of large and rapidly swelling glacial lakes. 
Estimates suggest that approximately 2300 glaciers in Nepal’s Himalayan 
region contain growing glacial lakes, which threaten the lives of people living 
downstream. The Arun-Koshi River basin for instance, has 229 glacial lakes, 
24 of which are potentially dangerous. Similarly, of the 45 glacier lakes in 
the Sun-Koshi basin, 10 are considered to be potentially dangerous. The 
Thulagi glacier, located in the Upper Marsyangdi River basin (one of the main 
tributaries of the Gandaki River) is also confronted by the prospect of a GLOF 
occurrence. The primary cause for concern is that the number and size of 
these glacial lakes is increasing. While it is difficult to assess just how many 
and how soon these lakes could burst, it is definite that such an eventuality 
will be accompanied by flash floods which cause enormous damage to 
life and property. At present, the Tsho Rolpa and the Imja glacial lakes are 
among the most dangerous in Nepal. One such lake, the Dig Tsho, burst in 
Khumbu, Nepal in 1985, killing at least 20 people and causing great damage 
to property and agricultural land. The past 30 years have seen 7 major GLOF 
events, a number which could rise if adequate precautionary measures are 
not implemented. It is essential that glacial lakes are regularly monitored 
and mapped to minimise future losses. 

Glacial Lake Outburst Floods (GLOF)
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Seasonal Variations
While glaciers are the determining factor in the perennial nature of the Himalayan River basins, it is rainfall that 
contributes a greater quantity of water to these rivers in terms of sheer volume. Seasons characterized by weak 
monsoons usually result in low river flows, while excessive rain often results in flooding. Bangladesh in particular, 
is extremely dependent on rainfall, as the Himalayan Rivers are fed almost entirely by rain by the time they flow 
into the country. Any alteration to the monsoon is acutely felt by all the four countries under study. The effects of 
climate change on rainfall have been already apparent in the first decade of the 21st century, leading to pronounced 
differences to the regular flow of the Himalayan Rivers. 

Seasons of Himalayan Sub-region 

Dry Season

Wet Season

Pre/Post Monsoon*

* While all river basins receive pre and post 
monsoon rainfall, it is not as significant as in the 
case of Nepal and India. Hence, it is not shown in 
the table separately.

Jan

Yellow
China

China

India

India

India

Yangtze

Nepal
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The Himalayan River basins usually experience the 
monsoon between June and September/October. The 
volume of river flow during monsoons is several times 
higher than during the rest of the year, with each of 
the Himalayan Rivers experiencing 60-85% of their 
annual runoff during this time. 

The monsoons in China, which usually occur from 
June to September/October, are also associated with 
flooding, with approximately 70% of annual rainfall 
concentrated within these four months. In China, 
the Yellow and Yangtze River basins get 360 BCM and 
1970 BCM of rainfall every year. Flood season in the 
Yellow basin is from July to September, during which 
months the average runoff is about 60% of the annual 
runoff.   The Yangtze basin often experiences flooding 
between May to October, during which months the 
river experiences approximately 64% of its annual 
runoff. The dry season (November to April) in the 
Yangtze River basin accounts for approximately 29% of 
the total annual runoff. 

Rainfall accounts for approximately 250 BCM of water in 
Nepal annually. The country’s monsoon begins in June 
and ends in September, although there are occurrences 
of pre- and post-monsoon showers. The wet season 
accounts for approximately 75% of the annual rainfall 
in Nepal. Heavy incessant rains and periods of dry 
spells are not uncommon during these months. The 
amount of precipitation varies considerably across the 
country as a result of the non-uniform rugged terrain. 
The winter months from December to February are 
relatively dry with clear skies. The period of October 
and November is considered as a post-monsoon 
season and a transition from summer to winter. The 
Saptakoshi’s monsoon runoff is 63% of its total annual 
runoff, the Gandaki’s monsoon runoff is 67% of its total 
annual runoff and the Karnali’s monsoon runoff is also 
about 63% of its total annual runoff. 

The Indian sub-continent experiences a vast discrepancy 
in water availability. The country’s dependence on the 
summer monsoons means that as one proceeds from 
the humid areas of the north-east to the arid west 
and central parts of the country, there are significant 
differences in water balances. India experiences two 
monsoons – the southwest or ‘summer monsoon’ (June 
to September) and the north-east or ‘winter monsoon’ 
(October and November), of which the former is more 

important on account of the rainfall potential. The 
south-west monsoon originates in the sub-tropical 
high pressure zones of the southern hemisphere and 
travels northwards to hit the southern-most part of 
India by the end of May. The monsoon then spreads 
into the Arabian Sea and Bay of Bengal branch to make 
its way across the entire stretch of the country, before 
finally reaching Punjab by July. 

The Indian monsoon experiences varied patterns, with 
early withdrawals, late onsets and sudden breaks in 
rainfall – leading to seasonal and regional variations 
in the distribution of rainfall. The discrepancies 
in monsoon patterns exacerbates the situation in 
western India, which is considered an arid area, joined 
by an almost continuous semi-arid belt extending from 
Punjab in the north to the southern tip of the peninsula. 
In addition, India’s Western and Central areas receive 
a higher incidence of sporadic but intense rainfall, 
leading to increased surface runoff. However, the 
ability to tap and utilize the increased runoff has not 
been achieved, owing primarily to the lack of facilities 
for storage of water.  

In India, the Ganges Basin receives over 1100 BCM 
of rainfall annually, the Yamuna basin approximately 
380 BCM and, the Brahmaputra between 580 to 2320 
BCM of rainfall annually. The seasonal variation of the 
Ganges is extremely high, with the months from June/
July to September period experiencing roughly 85% of 
the total annual runoff of the river. At Haridwar, more 
than 70% of the flow is due to rainfall. In addition, 
as the river flows downstream it is joined by more 
tributaries and enters regions with heavier rainfall, 
thus resulting in a marked increase in volume. The 
Himalayan glaciers contribute to the river flow from 
April to June, while the monsoon season, from July to 
September, contributes to the river’s flow by way of 
heavy rainfall. 

Similarly, the Yamuna, which receives almost 90% of its 
runoff from rainwater, experiences significant seasonal 
variations in flow. Despite receiving a constant flow of 
water from its source glaciers all year round, the runoff 
of the Yamuna increases significantly its monsoon 
months (June/July to September). The seasonal 
variation often results in flooding at the downstream 
of the river because the tributaries of the Yamuna 
often carry large volumes of water.

Rainfall



In India, the Brahmaputra River experiences relatively 
substantial seasonal variation flows, with the average 
ratio between high and low season fluctuating between 
as much as 12:1. The variation in the upper reaches, 
near Singing, is approximately 1:5, which increases to 
1:12 in Arunachal Pradesh and further increases in the 
plains of Assam. During the dry period the river relies 
on glacial melt, although there is a marked increase 
in flow during the wet months (May to September/
October).  

In Bangladesh, the monsoon months are from June 
to October. The rainfall in September, October and 
November is less reliable, but is occasionally very 

heavy and usually associated with violent tropical 
cyclones that develop over the Bay of Bengal. More 
than 80% of the total rainfall occurs during June to 
October. In the Ganges basin, the average rainfall is 
about 73 BCM. The Ganges River has an extremely high 
seasonal variation. The Brahmaputra basin receives 
about 113 BCM of rainfall. As with the Ganges, the 
seasonal variation of the Brahmaputra is also high with 
the months of June to October receiving almost 76% 
of the total annual runoff of the Brahmaputra. The rate 
of the Meghna basin’s monsoon rainfall is almost twice 
that of the national average. From the months of June 
to October, the Meghna River receives almost 84% of 
its total annual flow.

Yellow Yangtze Saptakoshi Karnali GandakiGanges
India

Brahmaputra
India

Brahmaputra
Bangladesh

Ganges
Bangladesh

Meghna
Bangladesh

Ratio of Seasonal Variation of Himalayan Rivers

High Season

Low Season
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Impact of Climate Change on Rainfall
As increasing temperatures across Asia and 
Greenhouse Gases (GHGs) have a negative impact 
on the environment, scientists predict that there will 
be marked changes to precipitation patterns in the 
Himalayan sub-region. According to the IPCC Report 
on Climate Change and Water, ‘…a greater increase is 
expected in extreme precipitation, as compared to the 
mean.’ The same report states that it is very likely that 
extreme precipitation events will increase in frequency 
over the coming years. This alteration of monsoon 
conditions will lead to a higher incidence of flooding 
and droughts. China, Nepal, India and Bangladesh 
are experiencing an increased incidence of extreme 
weather events, while the monsoons are becoming 
increasingly irregular and unreliable.  

Country-specific climate change predictions state that 
India could experience a temperature increase of 
between 2.2 and 3.2°C by 2050. An increase of 2.9°C 
increase in temperatures could result in a 20% increase 
in precipitation, thus multiplying the risk of flooding, 
particularly given the high population densities and 
lack of appropriate infrastructure. In China, an increase 
of 1.9°C by 2030 is expected to result in a precipitation 
increase of 1%, while an increase by 2.7°C by 2050 
could produce a precipitation increase of 8%. Although 
the percentage increase in precipitation is not as much 
as in India, it is still relatively high and can be expected 
to have an impact on the economic and social fabric of 
the country. Meanwhile, Bangladesh will experience 
an increase in annual precipitation of 5% for a 
temperature increase of 1°C by 2030 and 6% increase 
for a 1.4°C in temperature by 2050. Given the country’s 
historical propensity to floods and its vulnerability to 
rising sea-levels, an increase in precipitation could be 
catastrophic for Bangladesh. Nepal is expected to face 
a 1.2°C increase in temperature by 2030, resulting in 
a 5% increase in precipitation. In addition, estimates 
suggest that a 1.7°C increase by 2050 will result in 
7.3% more precipitation.   

China, Nepal, India and Bangladesh are already 
experiencing alterations to the monsoon patterns, 
which have become increasingly erratic over the years. 
Rain-fed days have reduced in frequency, although they 
have become more intense. However, the increased 

intensity does not equate to an increase in volume, 
with an overall drop evident in China, Nepal and India. 
It should be noted, that despite the drop in volume, 
there has been and will continue to be an increase in 
flash floods, owing primarily to the fact that rainfall 
duration is compressed and more intense. The river 
basins of the Himalayan sub-region have a propensity 
to flood, meaning that shorter and more intense 
monsoons could have a devastating impact on people 
residing within the basins’ areas.  In addition, the 
unpredictability surrounding the monsoon season has 
meant that rainfall often arrives later and withdraws 
ahead of time, although Bangladesh has proven to 
be an exception, experiencing an increase in rainfall. 
However, as noted earlier, if predictions of an increase 
in temperature prove to be true, there is a possibility 
that the Himalayan sub-region could experience more 
rainfall concentrated in a few days.      

Temperature Increase and Rainfall Patterns by 
2050

Impact of Rainfall on the Himalayan 
Rivers
According to the IPCC, mean annual rainfall to the 
north-east and north of China has shown a decreasing 
trend, while the mean annual rainfall along the south-
east coast has increased. The Yangtze basin experienced 
an increasing trend in the average annual rainfall from 
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1991-2005 in comparison with corresponding data 
from 1961-1990. However,   2006-2007 was marked 
by a drop in average annual rainfall by 10.3% and 6.9% 
respectively, owing primarily to an increased incidence 
of extreme weather events, like the drought in Sichuan 
province. The Yangtze Conservation and Development 
Report states that the basin will experience a noticeable 
reduction in rainfall before 2030, with the duration of 
rainfall becoming shorter and more intense, leading 
to flooding along the river. Meanwhile, variable 
precipitation has increased the frequency of droughts 
to the north of China and flooding to the south. Over 
the next 40-50 years, precipitation is projected to 
increase, with the maximum change expected in south-
east China. In addition, the frequency and intensity of 
extreme weather events in China may increase over 
the next 50 years, if the trend of the last 50 years 
continues. 

In comparison, the Yellow River is likely to experience a 
reduction in stream flow even as annual precipitation 
in the river basin is expected to increase by 3.47% by 
2020, 6.42% by 2050, and 8.67% by 2080. This can 
be attributed to climate change and the increased 
likelihood of evapo-transpiration. In addition, although 
annual precipitation is predicted to increase, it will be 
more intense and fall within a shorter span of time, 
resulting in a greater discharge of water but represented 
by an overall reduction in stream flow over the entire 
period. The high sediment load of the Yellow River 
makes it vulnerable to flooding and has resulted in it 
being called ‘China’s Sorrow’ – a title which it is unlikely 
to shed, as climate change is expected to increase the 
incidence of flooding.  

There is a possibility of Western China being able to 
see a temperature rise of between 1.0-2.5°C by 2050 – 
of which the largest increase could be experienced in 
the northern areas of the Tibetan plateau. Meanwhile, 
rainfall in western China is expected to increase by 
about 5% to 25% relative to 1990 levels. By 2050 
extreme weather events played out through the 
occurrences of typhoons, floods and droughts will 
affect an increasing number of people across China, 
while glacial lake outbursts will increase in and around 
Tibet. In addition, China will experience increasing 
temperatures, while droughts to the north of the 
country and flooding to the south will occur more 
frequently. Rainfall to the north and north-east of the 

country will gradually decrease, while precipitation to 
the west, south and south-east increases.  

Nepal’s monsoon season is becoming increasingly 
characterized by its late arrivals and erratic behaviour. 
As a result, the country is challenged by the intriguing 
phenomenon of ‘too much water, too little water’ – 
that is seen as, flooding in the monsoons and drought 
in the dry season. The monsoons, which are inevitably 
truncated due to climate change, witness excessive 
precipitation, which results in instances of flooding, 
landslides and the inundation of agricultural land. 
Meanwhile, the dry season (December-February) 
often experiences droughts.  

The Saptakoshi River experiences marked variations 
in its river flows. This large discrepancy, and the 
propensity of the river to flood as it flows from Nepal 
to India, has earned the river the unfortunate name 
‘Sorrow of Bihar’. In August 2008, the river broke its 
embankments, resulting in the displacement of tens 
of thousands of people. Flooding in Nepal has now 
become increasingly frequent, a problem exacerbated 
by the Gandaki and Karnali Rivers’ tendency to flood. 
In addition, as all three rivers are trans-boundary and 
eventually flow into India, there is a high risk posed to 
people living downstream.    

The vast landmass of India is defined by marked 
variations in precipitation, with the north-east of the 
country receiving as much as 67 times the mean annual 
rainfall of the water-scarce areas of western Rajasthan. 
Most of the country is influenced by the south-west 
monsoon, which falls between June and September. 
India’s monsoon has historically been clearly marked 
and reliable, with the Himalayan Rivers estimated 
to receive as much as 80% of their total annual flow 
through rainwater. However, as the impact of climate 
change becomes increasingly prevalent, the Indian 
monsoon is expected to alter its pattern, becoming 
more irregular and arriving with varied intensity. 

As weather patterns change, the Ganges basin too will 
receive less days of rainfall – although the intensity 
is expected to be greater. This, coupled with the 
retreating glaciers, is likely to make the Ganges River 
seasonal in nature. In addition, higher intensity rainfall 
will increase the likelihood of flash floods as surface 
runoff increases, making the river more susceptible 



21Rainfall

to flooding. It is estimated that approximately 20 
million hectares of land in the Ganges River basin is 
vulnerable to flooding. In addition, heavy monsoon 
rainfall coupled with a low lying topography results 
in large areas of land being inundated, particularly in 
Uttar Pradesh. During the monsoons, it is primarily the 
Ghaghra, Gandak, Kosi and Sone Rivers that flood. The 
main problem of flooding along the Ganges occurs in 
Uttar Pradesh, below the confluence of the Yamuna 
and the Ganges at Allahabad. As with the Ganges 
River, the Yamuna too flows through a relatively flat 
topographical expanse, which means that the areas 
surrounding the river and its tributaries are quite 
susceptible to flooding. The Yamuna River has often 
been flooded near Mathura, Agra and New Delhi, 
with rising water crossing the flood danger mark on 
numerous occasions. 

The Brahmaputra basin receives abundant rainfall and 
has historically had to contend with issues of flooding 
as opposed to droughts. The high discrepancy in rainfall 
results in significant variations to the average annual 
runoff of the river between wet and dry seasonal 
flows. Research into the impact of climate change on 
the rainfall pattern of the basin is inconclusive, with 
one school of thought suggesting that the south-west 

monsoon will increase in intensity, causing a higher 
incidence of flooding. Meanwhile, research by the 
Hadley Centre suggests that the average flow of the 
Brahmaputra River will decrease as the glaciers melt 
and as rainfall becomes increasingly unpredictable. 
Some climate change studies have argued that the 
south-east monsoon will increase in intensity causing 
a higher incidence of flooding in the low land plains 
of Assam. Interestingly, the 2009 monsoon season was 
marked by unusually low levels of rainfall, with several 
parts of the northeast receiving deficit rain. 

One of the major issues confronting the Brahmaputra 
River is that of flooding, with approximately 40% of the 
land susceptible. Moreover, the river has historically 
suffered frequent and catastrophic flooding on account 
of the unique geo-environmental setting of the basin 
vis-à-vis the eastern Himalayas. There are also the 
strong monsoons, the weak geological formations 
of the area, massive deforestation, high population 
growth and the sheer fact of being in a highly seismic 
zone that the area has to contend with. In addition, 
the high intensity rainfall which occurs for the better 
part of the year means that the region receives little 
respite and, is often threatened by flash floods. Failure 
to reduce GHG emissions from 2009 levels could result 

Simulated average change in rainfall (mm/day) 
for 2071–2079 under SRES A2 scenarios from 
PRECIS relative to baseline (1961–1990)

Simulated average change in rainfall (mm/day) 
for 2071–2079 under SRES B2 scenarios from 
PRECIS relative to baseline (1961–1990) 

Source: Chandan Mahanta, “Integrated Basin Development and Management for Himalayan Sub-regional Cooperation in Water 
Security“ presentation at Second International Workshop on Himalayan River Basins hosted by SFG - BIPSS at Dhaka on January 
16, 2010



in an increase in mean wet season discharge for the 
Ganges and Brahmaputra by up to 15-25%, by the 
end of the 21st century. As a result, river discharge 
could increase and make the surrounding areas more 
susceptible to flooding. 

The duration and peak flow of the Ganges, Brahmaputra 
and Meghna rivers in Bangladesh are highly dependent 
on the south-west monsoons. There is likely to be 
an increased precipitation from June to August, 
in comparison with the estimated average annual 
precipitation for the entire country. In addition, the 
higher levels of water passing through these systems 
as a result of monsoon variations, is likely to result in 
an excessive runoff in all three rivers.

Research by the Bangladesh Environment Network has 
shown that a 2°C increase in temperature will lead to 
4.6% increase in precipitation over the Ganges River 
basin. In addition, peak discharge at Hardinge Bridge is 
also expected to increase to approximately 2259 BCM. 
Increased summer precipitation in the future is likely 

to result in a higher level of fresh water discharge in 
major distributaries, such as the Gorai, Madhumati 
and Bhairab. 

Like the Ganges, the Brahmaputra River in Bangladesh 
also demonstrates a strong correlation between 
precipitation levels and river discharge. The Bangladesh 
Environment Network states that a 2°C increase in 
temperature will lead to 7.2% increase in precipitation 
over the Brahmaputra river basin and shows an 
increase in the peak discharge at Bahadurabad to 
approximately 2850 BCM. There are estimates that 
there will be an initial 10% increase in the extreme 
flooding in the Brahmaputra River. However, by 2050 
the average annual runoff in the Brahmaputra River 
could decline by 14%. This is primarily attributed to 
predictions of the Himalayan glaciers receding, thus 
removing the component of a permanent flow of 
water. In addition, the basin is also likely to experience 
lower levels of precipitation in conjunction with higher 
levels of evaporation. 

At first glance, Nepal’s per capita water availability of approximately 9122 
cubic meters, suggests that the country does not face a water crisis, as its 
Himalayan sub-regional neighbours - China, India and Bangladesh. However, 
this is not true. The monsoon season in Nepal is defined by several incidents 
of flooding, while almost every dry season suffers severe droughts. The 
vast gap in water resources between the wet and dry season, has left the 
country with the ominous distinction of having ‘too much water, too little 
water’. People living in the country’s hilly areas face an acute shortage of 
the water, having to survive on less than 5 litres of water per capita per day. 
Meanwhile, more than a third of the population has difficulty in obtaining 
water. Yet, despite the dry spells, annual monsoons continue to bring 
widespread flooding and landslides. The short time-span over which the 
monsoons occur, is highlighted by the fact that more than 80% of yearly rain 
falls between the months of June and September. In 2006, southern Nepal 
saw a 5-month long drought followed by heavy floods that swept away many 
villages. Unfortunately, the changing weather patterns, erratic monsoons 
and rising temperatures is likely to continue ‘too much water, too little 
water’ effect.

Too Much Water, Too Little Water
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Significant Increase
Significant Decrease

No significant increasing or Decreasing Trend

Mean PrecipitationMean Air Temperatures

Annual and Seasonal Trends in South West China

Source: Xi Chen, “Precipitation and temperature trend analyses in the last five decades for the Southwest China“ presentation 
at Second International Workshop on Himalayan River Basins hosted by SFG - BIPSS at Dhaka on January 16, 2010



A 2°C temperature increase is predicted to increase 
precipitation in the Meghna Basin by about 10% during 
the monsoon season. This will lead to an increase in 
the runoff of the Meghna by 11% during the monsoon 
season. The Lower Meghna River, through which 90% of 
Bangladesh’s river water drains into the Bay of Bengal, 
is likely to be affected by the ‘Back Water Effect’ which 
causes the retardation of river outflow by the rise in 
the level of water at the mouth of the river. Climate 
change is likely to worsen this effect causing increased 
inundation of water, resulting in more floods.

Bangladesh will experience critical changes in its 
climate and environment in the future. There will be 
an increase in the frequency and intensity of tropical 
cyclones. The country will experience heavier and more 
erratic rainfall in the Ganges-Brahmaputra-Meghna 
system resulting in higher river flows leading to floods, 
river bank erosion and increased sedimentation 

leading to drainage congestion. The melting of the 
Himalayan glaciers will lead to alternating high and 
low river flows. In the long run, the Brahmaputra and 
the Ganges are likely to become seasonal rivers. Lower 
and more erratic rainfall, especially in the drier north-
west region, will result in increasing droughts. A rise 
in sea levels will lead to the submergence of coastal 
areas as well as saline water intrusion.

An overall increase in the temperatures is predicted 
to bring about an increase in net rainfall in all of the 
countries until 2050. It is also likely that many of the 
basins will have fewer and more intense rainy days. 
It is important to consider that an increase in rainfall 
might not necessarily mean an increase in river runoff, 
which in some cases, is on the decline. In the future, all 
of these rivers are likely to become more susceptible 
to flooding, which could have far-reaching implications 
beyond the issue of basin-wide water security.

Climate Change Models for the Brahmaputra Basin

Source: Chandan Mahanta, “Integrated Basin Development and Management for Himalayan Sub-regional Cooperation in Water 
Security“ presentation at Second International Workshop on Himalayan River Basins hosted by SFG - BIPSS at Dhaka on January 
16, 2010

Downscaled spatial temperature anomalies from the 
climate normal 1961-1990 based on the average of 6 
GCMs for 2020, 2050 and 2080

Downscaled spatial precipitation anomalies from the 
climate normal 1961-1990 based on the average of 6 
GCMs for 2020, 2050 and 2080
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Vulnerability of Bangladesh to Natural Hazards Associated with Climate Change.

Source: ADB, 2008
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The importance of water resources to the economic and social milieu of China, Nepal, India and Bangladesh cannot 
be underestimated. The industrial, agricultural and domestic sectors of all four countries are heavily dependent 
on a reliable and safe source of water to ensure progress and productivity. Yet, access to this resource is growing 
increasingly difficult, as human-induced factors and climate change threaten to affect the replenishment of surface 
and groundwater in these countries. As growing evidence points towards depletion of glacial melt water and more 
sporadic rainfall, there is concern over the state of primary water resources of all four countries with regard to 
its continuously depleting situation. The present water resources are very likely to fall physically and/or become 
economically incapable short of meeting future water demands. The challenges confronting these countries are 
alarming. 

The water scenario for the countries in the Himalayan sub-region depends on a range of factors that could determine 
how well each one adapts to climate change and shifting rainfall patterns. The ability of each country to offset future 
challenges will depend on how well they adapt, mitigate and enforce policy changes since there are issues which are 
common to all, albeit to varying degrees. Historically, all four countries have largely failed in effective governance 
of water resources and services, which has ended in increased and unchecked environmental degradation and 
pollution. Groundwater resources in Bangladesh, India and China are rapidly depleting due to over-extraction as 
well as salinity and arsenic contamination. The groundwater resources in Nepal are in a better state due to natural 
replenishment and a comparatively limited usage by man and industries.

In addition, enough importance is not being given to conserving water resources in these countries. Poor funding 
towards water resources has resulted in a lack of infrastructure development and proper storage facilities across 
India, Bangladesh and Nepal. Furthermore, India’s irrigation sector is grossly under-equipped due to inadequate 
funding towards proper channelisation of water. China is not challenged to the extent of the other three countries 
in this regard, having dedicated large funds towards construction projects for water resources – though many of 
these projects are ridden with their own set of problems. In addition, China, Nepal, India and Bangladesh have an 
ever-increasing demand for water at the industrial, agricultural and domestic level – a demand which will be harder 
to fulfill as climate patterns in the region become highly variable while populations expand at a rapid pace.

Falling River Flows
Taking into account a number of factors, including accelerated glacier melt, erratic rainfall patterns, greater evapo-
transpiration and melting permafrost, it is predicted that the river runoff in the Himalayan sub-region will decrease 
over the first half of the 21st century. While there are estimates on how much some of the rivers will decline, 
others are yet to be mapped. Of the major rivers considered so far, the estimates are that by 2050, the Yellow River 
could decrease by about 6%, while the Brahmaputra could decline by as much as 30%. For the purpose of further 
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examination, it is assumed that the major rivers of 
the Himalayan sub-region could theoretically suffer 
anywhere from a 5% to 30% loss in stream flows by the 
year 2050. Thus, 3 scenarios are expected, for a 5%, 
15% and 25% reduction in annual flow, and therefore 
5% reduction in dry season flow, in order to examine 
the impact on the low season flow of the rivers.

Population Growth
Population growth is an important determinant of 
whether the Himalayan countries will face physical 
and/or economic water scarcity in the future. As the 
population increases there will be an expected rise 
in demand for water. At the same time, on account 
of environmental degradation, sporadic rainfall 
patterns, rising temperatures, impact of humans and 
industrialization / urbanization, amongst others there 
will be increasing supply constraints.

Population Projections (in millions)

By 2030, India and China will have population 
somewhere between 1.45 and 1.50 billion each. 
However, by 2050, while India’s population will 
increase to 1.6 billion, Chinese population will decline 
to 1.4 billion. Bangladesh and Nepal will also witness 
more than 40% increase in their population in the next 
40 years. Correspondingly, per capita water availability 
will progressively decline in all four countries during 
the same time period. 

Per Capita Water Availability of Water in 2030
(in cubic metres)

Water Balance in 2030 (in BCM)

The increase in demand for water will coincide with 
depletion of freshwater resources, over exploitation of 
underground resources, and fall in the real availability 
of water for human use due to pollution. There will 
be tendency to harness more water by increasing 
utilisation rates, though utilisation rates above 
40% are considered environmentally harmful and 
unsustainable in the long run. Nevertheless, water 
balance will gradually turn negative.

China will experience an annual water deficit of 50-100 
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BCM in 2030 at a relatively low utilisation rate of 28% 
in 2030 and India’s water surplus will become half to 
200-260 BCM despite an unsustainable utilisation rate 
of 61% at that time. Nepal and Bangladesh will also 
see their water balance shrink. If the trend continues, 
China’s water deficit will double by 2050 and India will 
turn from net surplus to net deficit by the middle of the 
century. This will cause significant implications for food 
and health security not only of the four countries but 
also a disruptive impact on the world food market.

China’s demand for water by 2030 is expected to be 
driven not just by agriculture but also by industry. 
According to the Charting Our Water Future report 
by the Water Resources Group, approximately 32% 
of the demand for water in China will come from 
industrial requirements as well as their demand for 
thermal power generation, with the rest comprising 
of domestic needs. However, it is important to note 
that while China’s water availability looks adequate to 
offset demand, the poor quality of water will render 
approximately 21% of the country’s surface water unfit 
for agriculture, increasing the possibility of future food 
shortages. 

The discrepancy in water demand projections between 
India and China, despite similar population levels and 
higher industrialization in China, can be primarily 
attributed to the differences in sectoral demand for 
water. According to the Chinese government, the 
country’s agricultural sector is projected to consume 
55.5% of water by 2030, a figure which will rise marginally 
to 57.5% by 2050. In comparison, International Water 
Management Institute projects that India’s agricultural 
sector will consume slightly below 81% of water in 2025 
and 70.6% in 2050. Industrialization in China, and a shift 
away from agriculture as employment opportunities 
rise and urbanization takes better shape, will have 
an impact on the water demand projections. As 
agriculture is typically a more water-dependent sector, 
and India will continue to rely heavily on agriculture 
for employment opportunities, the demand for water 
in India is expected to exceed that of China.      

Himalayan Sub-region
The Ganges River basin has a total potentially utilizable 

water resource of 386.5 BCM and utilizable surface 
water of 250 BCM (2002). According to the Hydrology 
and Water Resources Information System for India, 
the groundwater potential of the basin is about 180 
BCM. The utilizable groundwater is around 136.5 
BCM. The Ganges basin accounts for roughly 44.19% 
of the country’s total population (2001 Census). The 
total demand for water for domestic, agricultural 
and industrial purposes was 284 BCM in 2000. Large 
extraction of groundwater for domestic and irrigational 
purposes has worsened the water scarcity problem 
in the basin. The WWF report titled ‘World’s Top 10 
Rivers at Risk’ has identified the Ganges as one of the 
rivers facing a possibility of being severely impacted 
by over-extraction.  The report also points out that 
the river is under increasing risk due to large water 
withdrawals for irrigation purposes. The barrages, 
which control all the tributaries to the Ganges in India, 
divert roughly 60% of the river flow for large- scale 
irrigation purposes. It is important to note that over-
extraction of groundwater resources takes place due 
to the absence of adequate storage capacity of water 
during wet season flow. The Ganges River basin has a 
storage capacity of less than one-sixth of the annual 
flow of the river. 

The total average surface water availability of the 
Yamuna River basin is estimated to be 90 BCM, while 
the total utilizable groundwater is estimated at 60 BCM,  
of which 85% is allocated for irrigational purposes in 
the agricultural sector. However, studies conducted by 
The Energy and Resources Institute (TERI) show that 
groundwater utilization has reached its limit, with little 
potential for irrigation in the north-west and central 
regions.  

Unlike the Ganges and the Yamuna, the Brahmaputra 
River basin in India receives abundant rainfall, giving 
the river a high volume of water. In addition, with 
comparatively low population density and a lack of 
development, the rivers resources are yet to be fully 
exploited. The potentially utilizable water available 
in the basin is 48 BCM, which equates to 8% of the 
total renewable water resources. According to the 
draft research report published by IWMI in 2003, the 
Brahmaputra basin in India has a potentially utilizable 
groundwater resource of 25.7 BCM. Of this, 9.9 BCM is 
drawn for irrigation, domestic and industrial purposes. 
As the basin region develops, there will be more and 
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more demand for water resources. Of the three river 
basins in India, the Brahmaputra has the maximum 
potential of being further utilized in the future. Given 
that the Ganges and the Yamuna’s groundwater 
resources are in a poor state, there is little scope of 
harnessing them further for agricultural purposes. 

Surface water, by way of river runoff, will be an 
important contributor towards China meeting its 
growing water demands. In 2007, China’s total 
renewable water resources were 2800 BCM, of which 
river runoff accounted for 2700 BCM and underground 
water storage facilities accounted for 100 BCM.  As 
one moves across China, there are vast discrepancies 
in water resources, with availability decreasing from 
the south to the north and east to the west. The south-
east of the country has abundant water resources, 
while the north faces water scarcity – a problem 
compounded by high utilization rates in the region. The 
dependence on surface water is further complicated 
by high levels of pollution, on account of industrial 

and domestic chemical discharge into the river system. 
Meanwhile, despite the comparatively better quality 
of groundwater, the over-exploitation of the resource 
has resulted in the curtailment of its use. In an effort to 
secure water for agricultural purposes, groundwater 
extraction is being carried out at a greater depth, a 
process which could result in the eventual imbalance 
of the water table.          

In 2000, the total potentially usable water in the Yellow 
River basin was 48 BCM, while the Yangtze stood at 
360 BCM. The water demand for the same year was 
34 BCM in the Yellow River basin and 181 BCM in the 
Yangtze. This indicates that approximately 70% of the 
utilizable water was consumed in the Yellow River basin 
and around 50% of the utilizable water was consumed 
in the Yangtze River basin.

In addition to the surface water, groundwater 
resources are extensively used in the Yellow River 
and Yangtze River basins for domestic, agricultural 

Source: Xi Chen, “Precipitation and temperature trend analyses in the last five decades for the Southwest China“ presentation 
at Second International Workshop on Himalayan River Basins hosted by SFG - BIPSS at Dhaka on January 16, 2010
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and industrial purposes due to easy accessibility. It 
is important to note that lack of adequate surface 
water, especially in the Yellow River Basin, has led to 
excessive groundwater utilization, a point highlighted 
by the fact that approximately 60% of the total water 
supply to the North China Plain is from groundwater 
due to inadequate surface water.

The Yellow River flows through semi-arid and 
arid regions of China resulting in high levels of 
evapotranspiration. The region supports almost 50% 
of China’s population, resulting in high utilization rates 
of water. A combination of these factors has resulted 
in acute water scarcity and increased droughts in the 
Yellow River basin. The stream flow in the lower reaches 
of the Yellow River has been declining and has dried 
almost 30 times since 1972. In 1997, the river ran dry 
for 226 days of the year. Only timely releases of water 
from reservoirs have prevented the river from drying 
up completely since the turn of the 21st century.

Acute surface water shortages have led to extensive 
groundwater utilization to meet the growing water 
demand, especially in the down-stream areas of the 
Yellow River basin. The total volume of groundwater 
available in the Yellow River basin is 17.2 BCM. In 2000, 
groundwater abstraction was 10.7 BCM, which is about 
62% of the average total renewable groundwater 

resources available in the basin. Extensive use of 
groundwater for food-grain production such as wheat 
in the Yellow River basin has depleted the groundwater 
levels. In some parts of the basin, the wheat farmers 
have to pump water from a depth of 300 meters. Studies 
have shown that groundwater tables are shrinking at 
the rate of 3 meters a year in the Yellow River basin. 
In about 65 locations, the groundwater levels have 
dropped significantly due to overexploitation. In 
addition, five-sixths of the wetlands in this region have 
dried up.

As for the Yangtze River, water availability is not a 
problem in the river basin. The basin accounts for 35% 
of the water resources in the country with the per 
capita water availability of around 2400 m3 per year. 
The basin area receives higher rainfall when compared 
to the Yellow basin. However, the water supply in the 
Yangtze River basin is ridden with problems, mostly 
man-induced, primarily pollution. This is one of the 
important causes for higher water utilization rate in 
the basin. In addition, groundwater in most parts of 
the Yangtze River delta has been contaminated due to 
industrial and agricultural pollution. The surface water 
is likely to reduce in the future due to the melting 
of glaciers and changing rainfall patterns, which will 
further reduce the already depleting groundwater 
levels.

2000 20002030 2030

Projected Demand (in BCM)

Total Available Water (in BCM)

Yellow River Basin Yangtze River Basin

Water Supply and Demand in the Himalayan River Basins in China (2000 and 2030)

Source: Amarasinghe, UA, Giordano, M,  Liao, Y, & Shu, Z. “Water Supply, Water Demand and Agricultural Water Scarcity in 
China: A Basin Approach”. IWMI. December 2005
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The two Chinese river basins are constrained by 
different factors, both of which have negatively 
impacted the water security of these basins. While 
the Yellow River basin suffers from physical scarcity of 
both surface and groundwater resources, the Yangtze 
River basin’s pollution levels have rendered water 
resources dangerous for use of any kind in many 
places. Considering the sizable populations that live in 
these basins, the future of water security in the Yellow 
and Yangtze basins looks bleak. 

Nepal’s issues regarding water scarcity are different 
from those of India and China. The country does not 
have a water deficit at present or even until mid-
way through the 21st century. Nepal’s Initial National 
Communication to the Conference of the Parties of 
the United Nations Framework Convention on Climate 
Change (UNFCCC) stated that the country has adequate 
resources to last till the end of the century. However, 
lack of infrastructure development, over-utilization 
of water resources and a growing economy threaten 
to deplete the water resources at an unprecedented 
rate. In addition, Nepal is confronted by the ‘Too 
much too little water’ syndrome, whereby the dry 
season experiences considerably less water than the 
monsoons. The large discrepancy has prompted the 
attention of the government, which believes that the 
situation in the dry season could become progressively 
worse.    

In Nepal, the Himalayan Rivers such as the Karnali, 
Gandaki and Saptakoshi contribute around 80% of the 
total annual runoff of all Nepalese rivers. The country’s 
water demand was less than 10% (as of 2001) of the 
available surface water resources, which was around 
225 BCM (2003). The available groundwater in Nepal 
is estimated to be 12 BCM or 5% of the total water 
resources, of which 5.8 BCM - 9.6 BCM can be safely 
exploited. Changing rainfall patterns due to climate 
change factors is likely to increase the dependence 
on groundwater in the future, especially during the 
dry season. As of 2007, around 42% of the 2.6 million 
hectares of cultivated land in Nepal was irrigated. The 
potential for irrigation is actually closer to 85% of the 
total cultivated area. In 2007, groundwater accounted 
for approximately 18% of irrigation for the land, with the 
remaining contributed by surface water. Though only a 
small proportion of the groundwater resources is used 
at present, there is considerable potential for further 

exploitation in parts of the Terai and Siwalik regions in 
Nepal for drinking and irrigational purposes. 

While Nepal has yet to utilize the full potential of 
its water resources, particularly its groundwater 
resources, there is a need to check against the kind of 
over-development that exists in countries like India and 
China. Despite the appearance of abundance, Nepal’s 
water situation is in reality more fragile, a fact that has 
been complicated considerably due to the impact of 
climate change. 

The position of Bangladesh vis-à-vis water scarcity 
is similar to that of Nepal. The country’s surface and 
groundwater resources are replenished annually, 
ensuring that there is no physical scarcity of water. 

Multistage Relief Map of China

Note: Topography - The terrain of China is high-elevated in 
the west and of low altitude in the east. The highest area 
is Qinghai-Tibet Plateau with elevation higher than 4,000 
m down to the coastal plain areas being below 50 m.

Source: Xi Chen, “Precipitation and temperature trend 
analyses in the last five decades for the Southwest China“ 
presentation at Second International Workshop on 
Himalayan River Basins hosted by SFG - BIPSS at Dhaka on 
January 16, 2010
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However, the country will have to face the economic 
scarcity of water – an outcome of industrial, agricultural 
and domestic growth. The country’s infrastructure will 
be insufficient in satisfying growing demands and will 
be unable to provide by way of storage facilities and 
transportation of the valuable resource. In addition, 
the rapid environmental degradation has left several of 
Bangladesh’s water bodies in a precarious position, as 
they become increasingly threatened by deteriorating 
water quality.  

Around 95-97% of the Bangladesh’s population depends 
on groundwater resources for domestic purposes 
since the surface water requires primary treatment 
to remove sediments before it can be utilized. In  
addition, surface water is being contaminated due to 
discharge of human excrement and industrial waste 
being dumped directly into the rivers, making the  
water unsafe to drink.  The absence of diversion 
structures and storage facilities due to the flat 
topography of the country has resulted in a heavy 
reliance on groundwater. This has resulted in a decline 
of groundwater levels at an alarming rate, especially 
in urban areas. The water table in Dhaka alone has 
declined at a rate of 2 to 3 meters per year between 
1999 and 2009. The wells in rural areas too are drying 
up due to the over-utilization of groundwater.  

The demand for groundwater exceeds its availability by 
30 BCM in the period from February to April. According 
to the Food and Agricultural Organization (FAO), the 
total groundwater available is 21 BCM. The recharge 
of groundwater tables occurs primarily through direct 
infiltration of rainfall. Naturally the groundwater tables 
reach their maximum capacity during the monsoon 
months, from August to October. The lowest potential 
recharge occurs in the Ganges River basin, in districts 
such as Rajshahi, Kushtia and Pabna. The level of 
recharge is lower than the eastern parts of the country 
since it receives approximately 50% of the annual 
average rainfall of 2300mm in the country. In addition, 
the surface water contribution to the aquifers is limited 
by the restricted flow of the Ganges River due to the 
upstream diversion. Large parts of the groundwater 
in coastal regions of the river basin have saline rather 
than fresh water in the upper aquifers. 

In comparison to the Ganges basin, the Brahmaputra 
and Meghna River basins in Bangladesh receive higher 

precipitation, exceeding the national average of 
2300mm in some parts of the basins. The maximum 
groundwater recharge occurs in these basins in 
districts such as Dinajpur, Mymensingh, Sylhet and 
Noakhali. However, the north central region, which is 
highly urbanized and industrialized, uses groundwater 
extensively for domestic and industrial purposes. 
Groundwater here can be found at a depth of 10-15m 
from the surface. On the whole, the groundwater 
is a fast depleting water resource in most parts of 
Bangladesh because of overdependence, especially 
during the dry season.

The impediment that Bangladesh faces with regard 
to its water security is the lack of storage facilities 
in the river basins, for the excess surface water 
resources in the country. As the country receives 
more than abundant rainfall, its inability to store the 
rainwater is the basic reason for its over-dependence 
on groundwater resources. The groundwater in the 
country is compromised not only by over-utilization, 
but also by pollution and contamination. Apart from 
this, extraneous factors such as frequent extreme 
weather events and seal-level rise are affecting an 
already stressful water situation in Bangladesh. 

Sea Level Rise
The problem of water scarcity in the Himalayan River 
basins will be worsened by rising sea levels as well as 
salt water intrusion into fresh water. Moreover, the 
unrestrained exploitation of surface and groundwater 
will draw salt water into the aquifers along the coastal 
regions. In China and Bangladesh, as the sea levels rise, 
the salt water intrusion into groundwater tables will 
increase further thereby reducing the utility potential 
of the groundwater. It is important to note that the 
process of salinity intrusion into groundwater tables 
is irreversible and will therefore further restrict the 
freshwater availability in the river basins.

The low-lying coastal regions in China are mainly 
distributed along the Yellow, Yangtze and Pearl River 
deltas. The seawater infiltrates 62 square kilometres 
of groundwater annually in the eastern Bohai Gulf 
region in the Yellow River basin. At present, the higher 
runoff of the Yangtze River has helped in keeping the 
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saline water away from the land. However, rising sea 
levels and low flow of the Yangtze River due to climate- 
induced factors, will allow salinity to penetrate far 
inland, thus affecting the groundwater resources 
negatively. The sea level is expected to rise by 26cm 
around the year 2050 in China. This will impact the 
freshwater availability of about 70% of China’s large 
cities such as Shanghai and Tianjin and over half the 
population that lives in China’s coastal areas.

In India, the growth of mangroves along the Ganges 
River, which represents the extension of ‘salt wedge’, 
has resulted in salinity intrusion in the groundwater 
tables, especially in Kolkata. Any further rise in sea 
levels will render large tracts of agricultural land 
unusable, with the immediate impact being a reduction 
in food production.   
 
In Bangladesh, 12 of the country’s 64 districts meet the 
sea directly. Coastal cities such as Jessore and Faridpur 
are already being severely hit by varying degrees of 
salinity in the soil and groundwater tables. During the 
winter months, with predicted decrease in precipitation 
and greater use of water resources, the salinity levels 
is expected to increase further in the coastal districts. 
The flow of the Ganges, Brahmaputra and Meghna 
Rivers is predicted to increase during the monsoon 

season. However, a simultaneous sea level rise would 
result in back water effect in the Lower Meghna basin, 
pushing saline water further inland. Salinity intrusion 
therefore, will have a negative impact on agricultural 
land leading to food and livelihood insecurity in the 
future.

Utilization Rates: Up, Up and Up
The fresh water resources, both surface and 
groundwater, are under constant pressure due to a 
combination of climate and human-induced factors. 
The unrestricted and inefficient use of water has led 
to severe pollution in most of the Himalayan Rivers 
in these countries. With regard to India, the water 
utilization rate is predicted to increase from 59% 
in 2010 to around 61% and 86% in 2030 and 2050 
respectively. India has already crossed the 40% water 
utilization threshold considered sustainable for a 
country by the World Bank.

In India, over a period of 15 years from now, i.e. from 
2010 to 2025, the water utilization rate is estimated to 
increase by 2%. However, from 2025 to 2050 the water 
utilization rate is likely to increase by 25%, which means 

*Source: Ministry of Water Resources, China.
**Source: Briscoe, John & Malik. R.P.S. ‘India’s Water Economy – Bracing for a turbulent future’. The World Bank 2008.
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an average increase of roughly 1% every year. This 
increase in water utilization can be largely attributed 
not only to the increase in population density but also 
to the change in consumption patterns. On the whole, 
India’s water utilization rates will reach unsustainable 
levels in the next 20 to 50 years.

On the other hand, it is estimated that China’s water 
utilization rate that was 24% in 2006 will increase to 28% 
by 2030, an increase by 4% in a period of 24 years. This 
shows that unlike India, China’s water utilization rates 
will be well within the sustainable level. However, the 
basin-wide statistics show that the present utilization 
of water is roughly three times more than the national 
utilization rate, thus indicating high regional disparity 
in water utilization. It is estimated that some cities in 
the country will not be able to extract groundwater by 
the end of the next decade.

According to the International Water Management 
Institute (IWMI), countries that are unable meet 
the estimated water demands in 2025, even after 
accounting for future adaptive capacity, are considered 
to be “physically water-scarce”. The Ganges and 
Yamuna River basins in India and the Yellow River 
basin in China will be ‘physically water scarce’ by 2030. 
As noted earlier, the per capita water availability in 
these river basins is likely to drop much lower than 
the ‘water stress index’ benchmark. It is important 
to note that the water stress indicator threshold 
does not indicate that water is becoming scarce for 
domestic purposes, but that the water is becoming 
scarce for food production since the water consumed 
for domestic purposes occupies a small proportion of 
the total water withdrawals. 

Nepal and Bangladesh have sufficient renewable 
water resources. The estimated per capita water 
availability in 2030 will be roughly 3.5-4 times more 
than the World Bank benchmark index for measuring 
‘water stress’, which is 1700 m3 per person per year. 
Hence, these two countries are not going to face water 
scarcity in physical terms, though they are likely to face 
‘economic scarcity’ of water due to mismanagement of 
water resources and poverty. This implies that unless 
the two countries make considerable investments in 
the water sector, the available water resources will not 
be able to meet the water demand of the population 
in these countries.
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04Shifting Sectors

Water allocation in the Himalayan sub-region is done primarily between the agricultural, industrial and household 
sectors. The agricultural sector, which is a predominant employer within the sub-region, utilizes the largest quantity 
of water to support farming activities. However, as societies urbanize, there is likely to be a shift towards the 
industrial and domestic sectors. Urban populations have traditionally used larger quantities of water in comparison 
to their rural counterparts. Similarly, a shift away from primary to secondary sector will result in an eventual re-
allocation of water, with the industrial sector receiving a larger proportion. China, Nepal, India and Bangladesh are 
fast developing and are largely agrarian societies, with large rural populations. However, China and India’s larger 
economies and comparatively advanced development have ushered in a period of transformation in both countries. 
The domestic and industrial sectors in these two countries are also expected to require much more water in the 
future. In addition, it is important to note that India and China are significantly more populous than Nepal and 
Bangladesh. A combination of all these factors has resulted in different combinations of sectoral allocation of the 
total water resources in these four countries.

The Brahmaputra Basin

Source: Chandan Mahanta, “Integrated Basin Development and Management for Himalayan Sub-regional Cooperation in Water 
Security“ presentation at Second International Workshop on Himalayan River Basins hosted by SFG - BIPSS at Dhaka on January 
16, 2010



Agriculture, the Greatest Consumer
Being predominantly agrarian countries, China, Nepal, 
India and Bangladesh require the largest percentage 
of their water resources for agriculture. The primary 
crops of the region, such as rice, are water-intensive 
– further fuelling the demand for the resource and 
skewing water allocation towards the agricultural 
sector. The rapid pace of industrialization in both 
India and China has also created substantial demand, 
making industry the second largest sector in terms 
of water consumption. Concurrently, the volume 
and percentage of total water resource used for 
agriculture has been steadily decreasing. On the other 
hand, Bangladesh and Nepal’s demand for water is 
dominated by their agricultural requirements, much 
more so than either India or China.

Among the four countries, China’s agricultural sector 
consumes the smallest percentage of water, owing 
to the rural-urban migration that has been occurring 
in recent decades. In terms of sheer volume, China’s 
agricultural sector utilized 358 BCM of water in 2004. 
Furthermore, when expressed as a percentage, 
China’s agricultural consumption takes up a sizeable 
amount, at 65.6% of 556 BCM. However, as China is 
turning increasingly industrialized, people look for 

employment opportunities in urban centres and, 
there is greater utilization of HYV seeds, the amount of 
water consumed by the agricultural sector is expected 
to taper down.

As of 2005, the agricultural sector of the Yellow River 
basin consumed approximately 74% of total water 
resources while industry accounted for 17% and the 
domestic sector 9%. In comparison, the Yangtze River 
basin consumed 63% of available water for agricultural 
purposes, while the industrial and domestic sectors 
consumed 28% and 9% respectively. At a national 
level, the industrial sector required 22% of total water 
resources in 2004, with the domestic sector utilizing 
11.9%. However, it is interesting to note that the 
urban domestic sector required 6.5% of the resources, 
while the rural domestic sector consumed 5.3%. This 
discrepancy, despite the urban population constituting 
40.5% of the total population can be largely attributed 
to wasteful practices and varying consumption patterns 
in China.

As with China, India’s agriculture sector also consumed 
a large proportion of water resources in the year 2000, 
accounting for 88.9%, in comparison to the 6% and 
5% utilized by the industrial and domestic sectors 
respectively. However, as India’s economy grows, 
there may be a gradual shift away from employment in 

Source: Chandan Mahanta, “Integrated Basin Development and Management for Himalayan Sub-regional Cooperation in Water 
Security“ presentation at Second International Workshop on Himalayan River Basins hosted by SFG - BIPSS at Dhaka on January 
16, 2010
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Sources: Chinese Academy of Sciences, Institute of Geographic Sciences and Natural Resources Research.
International Water Management Institute.
Bhattarai, Damodar & Goutam, Sagar Raj. ‘Water Resources of Nepal: Opportunities and Challenges’. Department of Water 
Induced Disaster Prevention, Nepal

the agricultural sector and towards the industry sector 
with more and more people moving towards urban 
centres. As a result, there will be a corresponding shift 
in sectoral allocation of water, with the industrial and 
domestic sectors consuming a larger percentage of the 
pie. It is important to note however, that while there 
will be a re-allocation of water between the sectors, 
agriculture will continue to dominate the demand for 
water in the not-so-far future.

The importance of the agricultural sector to India 
is highlighted by the sectoral allocation of water 
resources in the Ganges River basin. In the year 2000, 
the agricultural sector required over 90% of total water 
resources, while 4.8% was consumed by the industrial 
sector and 4.9% by the domestic. From a national 
perspective, the Ganges basin accounted for 42% of 
the country’s total water consumption in the year 2000 
– reinforcing the fact that the basin’s population forms 
a sizeable wedge of the country and, could potentially 
face a problematic future with regards to securing 
water resources.

The agricultural sector in Nepal is the largest form 
of employment, with an overwhelming proportion 
of the country living in rural areas. As a result, the 
sector consumes the largest percentage of total water 
resources, with industry and domestic requirements 

being significantly smaller. In 2002, Nepal’s agricultural 
sector utilized 93.6% of water in the country, while the 
domestic sector used 5.7% and, the industrial sector 
0.6%. Nepal’s water scenario is unlikely to undergo 
any significant changes in the immediate future, with a 
majority of the population confined to the rural areas, 
while the pace of urbanization and industrialization 
remains negligible. 

Water consumption in Bangladesh follows a similar 
pattern to that of Nepal, with the agricultural sector 
requiring over 96% of total water resources in 2000. 
In comparison, the domestic sector utilized only 3% 
of resources and the industrial sector approximately 
0.6%. Although Bangladesh’s experience is similar to 
that of Nepal, the country is expected to industrialize 
and urbanize at a marginally quicker pace, leading to a 
slight re-adjustment in sectoral allocations in the future 
– with the industrial and domestic sectors consuming 
more water, although still significantly lesser than 
agriculture.  

Future Shifts
In 2010, China’s agricultural sector is expected to 
consume approximately 64% of the total water 

Shifting Sectors
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resources, while the industrial and domestic sectors 
will utilize 22.5% and 13% respectively. The shift away 
from a large consumption of water by the agricultural 
sector is projected to continue until 2030, with forecasts 
suggesting a jump in industrial water consumption 
to 28% and domestic consumption to 16.3%. By 
comparison, the agricultural sector is predicted to 
utilize 55.5% of water resources – a significant drop 
of almost 10% when compared to 2010 estimations. 
However by 2050, the agricultural sector is projected 
to record a slight increase in water consumption at 
57.5%, while the industrial and domestic sectors will 
utilize 25.8% and 16.6% respectively. In addition, 
overall water demand is expected to jump by a little 
over 100 BCM between 2030 and 2050, rising from 
765-800 to 870-950 in the span of 20 years. However, 
agricultural water demand is expected to drop by 
2030, before increasing again around 2050, while the 
industrial sector is predicted to experience a marginal 
increase in water consumption. Consumption in the 
domestic sector will increase by 20 BCM over the 20 
year period. It is important to note that China’s moving 
away from agriculture will reverse itself at some point 
to suffice the nation’s requirements.

China Water Demand Projections Sector-wise 
(BCM)

Source: China Statistics Bureau 2007
Courtesy: World Agroforestry Centre 

Sectoral demand for water in India has and will continue 
to be dominated by the agricultural sector, though 
there could be a slight decrease to approximately 
83% by 2025. Water utilization requirements for the 
domestic and industrial (includes energy and other) 

sectors are expected to marginally increase to 6.67% 
and 10.06% respectively. However, it is interesting to 
note that the slight increase for the domestic sector 
is actually representative of a more than doubling in 
volumes from the year 2000. The agricultural sector 
is projected to require 74.08% of India’s total water 
resources by 2050, indicating a drop in sectoral 
demand. Meanwhile, the domestic and industrial 
(includes energy and others) sectors will require 
7.04% and 18.86% respectively. The lower water 
projections for the agricultural sector by 2030 and 
2050 can be attributed to greater industrialization, loss 
of cultivable land, greater level of urbanization and 
better employment opportunities at the national and 
regional levels. In addition, it is likely that the trends 
which are present at the macro or national level will be 
evident at the micro or regional level, as is clear from 
the Ganges River basin trends.

India’s Water Demand Projections Sector-wise 
(BCM) 

Source: International Water Management Institute

India’s agricultural sector is expected to experience 
a dip in the demand for water between 2025 and 
2050, in terms of percentage share of the total water 
resources as well as in terms of sheer volume. This 
trend is projected to occur at the national level and 
within the Ganges basin. 

Reflecting India’s national sectoral water demand 
projections, the agricultural sector in the Ganges 
basin is forecast to require 77.9% of water, while the 
industrial and domestic sectors will require 11.5% and 
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8.9% respectively by 2025. Similarly, there will be a 
further drop in agricultural consumption by 2050, with 
the sector requiring approximately 66.7% of water, in 
comparison to the industrial demand of 19.4% and 
the domestic demand of 13.8%. Projections for the 
Ganges basin indicate greater industrialization and 
urbanization, coupled with a trend to move away from 
a primarily agrarian economy at the regional level. 
As a result, water demand for the agricultural sector 
is expected to fall, while the industrial and domestic 
sectors record slight increases.
  
Ganges Basin Sectoral Water Demand 
Projections (BCM)  

Source: International Water Management Institute

Water demand projections for Nepal indicate that 
the agricultural sector will continue to remain the 
country’s largest consumer of water in 2027, requiring 
approximately 95% of the resource. The industrial 
sector will require the least water, with a demand 

projection of 0.5%. While the projected industrial 
demand is less than the required percentage in 
2002, it will have almost doubled in terms of sheer 
volume. The domestic sector follows a similar trend to 
that of its industrial counterpart, and will double its 
water demand from 2002 levels in terms of volume. 
By 2027, the domestic sector is projected to require 
approximately 4.5% of Nepal’s total water resources. 
Sectoral allocation of water for Nepal remains virtually 
unchanged as a percentage, although in terms of 
volume it doubles across all three sectors. Despite 
greater industrialization and urbanization in Nepal, 
the country is expected to remain largely agrarian, 
resulting in the high water demand for the agricultural 
sector.

Although there are presently no figures to predict 
future water resources allocation in Bangladesh, it is 
likely that the trend in Nepal will be closely mirrored 
in Bangladesh due to similarity in their slow rates 
of industrialization and urbanization, as well as the 
large rural populations in both the countries that are 
principally agrarian. Therefore, it is possible to predict 
agriculture as the dominant sector in the country, 
while both the industrial and domestic sectors will 
start making small inroads into the water resources of 
the country, growing slightly larger in the coming few 
decades. However, it is likely that the make-up of the 
sectoral allocation of water resources in Bangladesh 
will remain more or less the same in the next 15-20 
years, unless some radical changes occur. 

The agricultural sector will continue to be the 
major consumer of water in China, Nepal, India and 
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Bangladesh, although the industrial and domestic 
sectors will require more water in the future. 
Meanwhile, agricultural water demand in China and 
India, despite remaining the dominant consumer, will 
experience a slight decline in terms of volume and 
percentage, up until 2030. Thereafter, while India’s 
agricultural water demand will continue to decrease, 
China will experience a slight increase up to 2050. 
The decrease in agricultural water utilization is likely 
to be an outcome of purposeful development policies 
in both countries, which seek to promote industrial 
growth and urbanization.     

Nepal and Bangladesh will continue to experience 
higher demands for water especially for the agriculture 
sector vis-à-vis the industrial and domestic sectors. Lack 
of industrialization and urbanization will be partially 
responsible for this trend, though nationally- driven 
investment policies and foreign capital injections could 
also potentially spur growth and alter the demand for 
sectoral allocation of water. 

Industrialization and Urbanization
Rapid industrialization in China, Nepal, India and 
Bangladesh will determine the nature of demand for 
water in all four countries, albeit to varying degrees. 
The growth of highly water-intensive industries and 
inefficient water usage will increase requirements. 
Water- intensive industries such as jute, steel and 
textiles dot the river basins of India and China, and 
will push demand for water in the years to come. The 
growth of such industries is expected to increase in the 
future, resulting in an adjustment of water demands 
across the sectors. While Nepal and Bangladesh will 
experience industrial growth in the future, it is likely to 
be negligible, resulting in less water requirements for 
the sector in comparison to that of China and India.

Development in the four countries will be 
complemented by urbanization. Given that urban 
centres traditionally demand more water than rural 
areas, there is likely to be an increase in domestic 
water demand across the Himalayan sub-region. In 
addition, increasing populations in all four countries 
will drive further demands for water at the household 
and domestic level.

The rapid pace of urbanization will primarily drive 
the increase in water demand in the domestic sector 
in China by 2050, with over 70% of the population 
expected to reside in urban centres. While the rural-
urban population divide will not be as pronounced as 
in India, the country’s urban centres will account for 
more than 55% of the population by 2050, thus driving 
the domestic water demands. Within the Ganges basin, 
estimates suggest that over 32% of the population 
will live in urban centres by 2025 – a number which 
is expected to increase to 47.3% by 2050. In addition, 
over 54% of India’s population will reside in the Ganges 
basin by 2050, reflecting national and basin-wide water 
demand projections.

Urban-Rural Divide Projections Country-wise

Source: United Nations Population Division
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As is the case with India and China, the smaller countries 
of the Himalayan sub-region, Nepal and Bangladesh, 
will have significant urban populations by 2050, with 
46% and 56% of their people living in urban centres 
respectively. This is likely to reflect on their water 
demands, with the domestic sector requirements 
expected to increase. 

Ganges Basin Urban-Rural divide Projections

Source: International Water Management Institute
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05Pollution and Inefficiency

Water, the life-line of the Himalayan sub-region, faces a definite threat from human- induced factors. Over the 
years, its quality has been rapidly deteriorating as populations, industrialization and urbanization continue to 
grow unabated. The water sector in all the four countries is notorious for uncontrolled pollution and inefficient 
management.  However, given the precariousness of the situation confronting the Himalayan sub-region, people are 
often faced with no option but to avail of whatever is available, resulting in health hazards and other problems.  

Pollution 
China, Nepal, India and Bangladesh face a daunting challenge to provide access to safe water, with river and 
groundwater resources excessively polluted. Poor water quality in the Himalayan sub-region can be largely attributed 
to the rapid and haphazard pace of development in the river basins. Unchecked pollution has virtually ruled out any 
possibility of restoring water quality to permissible levels. As a result, people living in the basins confront growing 
health problems, while ecological balance, particularly for the water-dependent species, is being increasingly 
threatened in three of the four countries. Only Nepal’s major rivers such as the Karnali, Gandaki and Saptakoshi, 
have survived some instances of pollution due to a small industrial sector and slow growth.  

Water quality in China is fast approaching dangerous proportions, with more than 70% of water in five of the seven 
major river systems polluted to an extent where it is no longer fit for human consumption. Development along the 
Yellow and Yangtze River basins, while economically beneficial, has come at a price. The rich fertile grounds of the 
middle and lower reaches, which support agricultural food production, are increasingly threatened by the large 
number of industries and rapid population growth within the basins. Almost half of China’s 21,000 chemical plants 
are located along the banks of these two rivers, and are responsible for discharging excessive amounts of harmful 
toxins and industrial waste into the water bodies.    

Lack of proper enforcement of anti-pollution laws in China has resulted in industrial and household units discharging 
an estimated 4 to 5 billion tons of waste and sewage into the Yellow River every year. In addition, blatant disregard for 
environmental protection measures has resulted in several instances of industrial accidents, such as the PetroChina 
80km toxic slick in the Songhua River in 2005. Over the years, the Yellow River has experienced a combination of 
chemical spills, industrial wastage, heavy metal poisoning and domestic sewage dumped into its waters, making 
the river poisonous in several locations and biologically dead, i.e. unable to support any life forms, along 50% of 
its expanse. The Yellow River Conservancy Committee has declared 33.8% of the river water unfit for drinking, 
aquaculture, industrial use and agriculture, highlighting the severity of the problem. 

China’s other Himalayan glacier-fed river, the Yangtze, fairs no better, with approximately 10% of the river considered 
to be so severely polluted that it is said to be in a critical condition. In addition, reports state that 30% of its major 
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tributaries, such as the Minjiang, Tuojiang, Xiangjiang 
and Huangpu are severely polluted. About 25 billion 
tons of industrial and urban waste is discharged into 
the Yangtze on an annual basis. People dependent on 
the river for their daily requirements are the most at 
risk, as industrial and other chemicals mixed in the 
water are likely to have major health implications. 
A study conducted in 2004, showed that 73% of the 
Yangtze’s main stream was severely polluted. With 
more than 500 cities along the river, access to safe 
drinking water for the millions of people residing in 
the area is increasingly threatened. In addition, high 
levels of pollution have rendered the Yangtze River 
an economic catastrophe, with soil degradation and 
limited access to clean water, two of the major fallouts 
of the uncontrolled pollution

China’s association with fishing dates back centuries. 
The area in question, which has traditionally been a 
major producer of seafood products and home to 
numerous fish farms, has had to contend with rising 
levels of water pollution. As a result, fish stocks 
have been threatened by chemical poisoning, with a 
further implication being the loss of livelihood for the 
fishermen who have been forced to migrate inland. 
The Yangtze and the Yellow Rivers are a vital aspect 
of China’s identity, with millions of people dependent 
on its waters for their social and economic needs. 
However, rampant pollution and deterioration of water 
quality could have catastrophic implications for the 
future, with the rivers less likely to be able to support 
the growing water demands of people in their basins. 

In India, the Ganges and the Yamuna face a situation 
similar to that of the Chinese rivers. It is estimated that 
approximately 50% of the Yamuna is severely polluted 
and does not meet national water quality standards. 
As with the Yellow River in China, the Yamuna flows 
through major industrial cities of Faridabad, Agra and 
Wazirabad – all of which are responsible for dumping 
large amounts of industrial waste directly into the 
river’s water. The stretch of the Yamuna River between 
Wazirabad and Okhla barrage in Delhi constitutes 
about 2% of the catchment area, but contributes to 
approximately 80% of the river’s total pollution. It is 
important to note that the Yamuna River accounts for 
approximately 70% of the water supplies to New Delhi, 
India’s national capital. However, in an ironic twist, the 
city which relies on the Yamuna for its water supplies 

dumps almost 750 billion litres of sewage into its waters 
on an annual basis – adding to the health risk for those 
dependent on the river. Coliform levels, which indicate 
bacterial content in the water, are twice the permissible 
amount as the river enters the city and, 25 times the 
permissible levels as the water flows out of the city. 
Moreover, surface and groundwater resources are also 
threatened by the enormous amounts of fertilizers 
and pesticides flushed out from the agricultural fields 
into the river system. The negligence on the part of 
civic authorities to check pollution levels has damaged 
the rivers’ water to a large extent – a problem which is 
likely to worsen as old cities expand and new townships 
develop along the stretch of the river.   

Pollution in the Ganges River is primarily attributed 
to the disposal of human waste and sewage directly 
into the river. A study by the Uttarakhand Environment 
Conservation and Pollution Control Board declared 
that pollution levels in the river have reached alarming 
proportions. The present state of the river water makes 
it unfit not only for drinking and bathing purposes, but 
also for agriculture. Of a larger concern is the fact that 
the river meets all three standard pollution parameters 
– Bio-Oxygen Demand (BOD), Dissolved Oxygen and 
total coliform – only at Rishikesh, indicating that the 
rest of the river is in a poor condition, with Varanasi, 
Kanpur and Allahabad identified as the hotspots under 
the Ganga Action Plan. The primary contributor for the 
poor state of the river is the high level of untreated 
sewage released into the river on a daily basis, with a 
report by India’s Planning Commission indicating that 
nearly 8,250 million litres is disposed into the Ganges 
from the 12 municipal towns that fall along its route 
till Haridwar. In addition, studies by Montana State 
University and the Government of India have revealed 
that the Ganges contains enterohaemorrhagic E.coli 
(EHEC) bacteria. The bacteria can cause dysentery 
and kidney failure and continues to kill people across 
the world. As the Ganga passes through several major 
cities, like Varanasi, Kanpur, Haridwar and Patna, it 
is estimated that municipal sewage contributes to 
approximately 80% of pollution, while the remaining 
20% is attributed to industrial effluents dumped into 
it regularly. A significant proportion of industrial 
pollution is caused by the vast number of tanneries 
along the banks of the river. In addition, the Yamuna 
River, which is a major tributary of the Ganges, is also 
severely polluted, resulting in excess wastage flowing 
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into the Ganges from other sources. The river, though 
considered very holy, is not considered safe for drinking 
or for agricultural needs in many places.  For instance, 
the Haridwar city alone accounts for coliform level 
of 5500 colonies/100 ml which is 500 more than the 
maximum acceptable level for agriculture and 5450 
above permissible level for drinking water.

The plight of the Ganges continues downstream, as 
the river flows into Bangladesh. Inadequate draining 
facilities, dumping of solid wastes, discharge from 
sugar mills and sewage disposal, further compound the 
pollution problems confronting the river’s ecosystem. 
In addition, the presence of approximately 300 mills 
and factories in and around Khulna city, adds to the 
levels of pollution. Severe degradation of fresh water 

and marine ecosystems has led to further decline of 
fishing in the region, the impact of which is felt by 
those dependent on the waters for their livelihood and 
in terms of dwindling food supplies.

The importance of the Ganges and the Yamuna 
Rivers to the Himalayan sub-region is quite apparent. 
However, very high levels of pollution continue to 
jeopardize the health of millions who depend on these 
water resources within India. Furthermore, the river 
flows downstream eventually into Bangladesh, where 
water pollution is often already at extremely high 
levels, further complicating Bangladesh’s ability to 
fully utilize the invaluable resource.   

The state of the Brahmaputra River is considerably 

Dhaka is one of the most densely populated cities in the world, with a 
population of approximately 12 million in 2008. According to the World 
Bank, its population is expected to increase to 30 million by 2025 and 50 
million by 2050. There are around 700 industrial units in and around Dhaka 
city. These industrial units discharge approximately 1.5 MCM of waste water 
into the peripheral rivers such as the Buri Ganges, Turag, Tongi Khal, Balu 
and Lakhya on a daily basis.  In addition, domestic and municipal waste 
is also discharged into these rivers due to the lack of adequate sewage 
infrastructure which has resulted in extreme pollution of the rivers.  
Due to the severely polluted state of its rivers, 85% of Dhaka’s demand for 
water is met from groundwater sources.  However, the groundwater system 
is highly-contaminated at certain locations where the aquifers are recharged 
by river water. Dhaka’s rapid pace of urbanization and industrialization has 
placed 450 city slums in a precarious position, with limited access to basic 
civic amenities such as drinking water and sanitation. Continued pollution of 
these rivers and the mismanagement of the already limited water resources 
will only exacerbate water shortages, leading to health and food insecurity in 
the future.

River Pollution in Dhaka
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better than that of the Ganges and Yamuna Rivers. 
However, issues of pollution arising from the petroleum 
refineries and urbanization are an emerging concern, 
although the extent to which these factors impact 
the river will be considerably lesser than the Ganges 
and Yamuna – owing primarily to the lower number 
of people living in the area. In addition, the river 
is constantly polluted because of the dumping of 
domestic and municipal waste into it. Scientists have 
warned that the Brahmaputra could be degraded to 
the extent of the Ganges within the next 20 to 25 years 
if the river and its tributaries continue to be used as 
a channel for waste products. Furthermore, scientists 
warn that biological or bacteriological contamination 
of the river is reaching dangerous proportions and 
could pose a health risk to people dependent on the 
Brahmaputra’s waters. However, while this issue is 
of concern, the river has remained comparatively 
pollution-free, underlying the fact that there is still 
some hope for reviving its resources.     

On entering Bangladesh, the Brahmaputra River 
is confronted by issues of domestic and industrial 
waste being flushed directly into the river. However, 
as the river is defined by its high volume of water, 
the pollution and waste is inevitably washed into the 
sea, particularly during the monsoons. Meanwhile, 
the distributaries of the Yamuna River flowing from 
the left bank are affected by severe pollution due to 
rapid industrialisation and urbanisation in the north 
central region – an area home to 49% of Bangladesh’s 
industry. In addition, the Buriganga River – the main 
river bordering Dhaka city – faces enormous pollution-
related challenges, particularly due to several tanneries 
responsible for discharging approximately 4950 m³ 
of organic waste daily. These tanneries are situated 
at Hazaribagh along the river. It is estimated that 
approximately 90% of domestic and industrial sewage 
generated in Dhaka is dumped into the wetlands and 
rivers in and around the city. The disregard for the 
environment has resulted in surface water pollution as 
also in the penetration of underground aquifers - two 
important sources of water for people in the country. 
Given that groundwater is an important resource for 
domestic water supply in the north-central region, 
the possibility of increased water pollution assumes 
greater significance.  
 
The Surma and Kushiara Rivers merge to form the 

Meghna River in Bangladesh, which covers the north-
eastern parts of the country. The region, which 
supports an estimated 44 million people, is dependent 
on the river for its supply of domestic and industrial 
water. However, excessive human activities within 
the river basin have resulted in the deterioration of 
water quality. In addition, the presence of small and 
medium sized industries has led to large amounts of 
industrial effluents being discharged into the river on 
a regular basis. The problem is further complicated 
by the flushing of pollution from the Surma River’s 
catchment in India, which results in polluted waters 
entering Bangladesh’s north-eastern region at the 
time of floods – resulting in a trans-boundary water 
quality problem.
 
While surface water resources are visibly affected 
by agricultural, industrial and domestic pollutants, 
it is the penetration of such waste products into the 
groundwater systems of China, Nepal, India and 
Bangladesh that is of considerable concern. Over-
exploitation of groundwater resources does not allow 
water tables to be adequately recharged, thus stopping 
the pollutants from being flushed out of the system 
and, therefore resulting in the steady deterioration 
of groundwater quality. Groundwater in Bangladesh, 
the Terai region of Nepal and parts of West Bengal in 
India, face extensive arsenic contamination, leading to 
health complications for people, such as dark or white 
pigmentation of skin and hardening of palms of hands 
and soles of feet. In addition, drinking water supply in 
Nepal is highly contaminated by bacteria, as a result 
of inadequate protection at source regions and poor 
maintenance of infrastructure.

China and India have undertaken several projects 
to regulate the flow of the Yangtze, Yellow and the 
Ganges River through the construction of dams, in 
an effort to produce hydro-electricity. In addition, 
barrages and canals have also been constructed to 
divert water for irrigation. While these projects may 
serve an economic purpose, they also come at a 
considerable cost. Alteration to the natural flow of the 
rivers has intensified the impact of pollution, as rivers 
lose their natural ability to flush out waste products. 
Furthermore, future projects designed to divert water 
and alleviate water demands from the industrial and 
domestic sectors, are likely to compound issues of 
water scarcity and quality. 

Pollution and Inefficiency



Inefficiency 
The problem of the growing water insecurity in 
the Himalayan sub-region is further compounded 
by inefficient usage. From the agricultural, to the 
domestic and industrial sectors, water inefficiency 
results in added pressure on the resource and reduces 
its utilization potential in China, Nepal, India and 
Bangladesh. The industrial and agricultural sectors of 
India and China for instance, utilize a disproportionate 
amount of water resources when compared to the 
yield the two sectors generate. As water resources 
become increasingly scarce in the sub-region there 
will be an urgent need to reassess current practices to 
ensure the future survival of the resource. In addition, 
aging infrastructure and poor maintenance of water 
pipes has resulted in considerable water wastage 
during the distribution process. As a result of systemic 
mismanagement and wasteful practices, there has been 
a growth of private vendors in the water market.    

China’s per capita water usage is estimated to be 
7-15 times greater than the per capita in developed 
countries. A ton of water in the United States of 
America for instance, produces USD $28-30 worth 
of GDP, in comparison to the USD $2-3 of the GDP in 
China. In addition, China’s water consumption per unit 
of GDP is 4 times the world average and approximately 
8 times that of developed countries. Inefficient 
utilization in China contributes greatly to the loss of 
the resource, thus fuelling the already acute water 
shortage confronting the country.  

The lack of new and clean/green technology in 
manufacturing units across China, Nepal, India and 
Bangladesh has resulted in considerable inefficiency 
with regard to water usage and industrial output. 
China, the world’s leading steel producer, utilizes 
almost double the amount of water than developed 
nations do to produce 1 ton of steel. The Indian steel 
sector, which ranks amongst the top ten producers in 
the world in terms of output, is much worse. In 2001, 
India’s steel industry consumed 40 BCM of water and 
discharged 30.31 BCM of waste. On an average, the 
integrated iron and steel plants in India, consume 20-
25 m3 of water per ton of finished product as opposed 
to the global standard of 5 m3. 

On the domestic front, water usage is extremely 
inefficient across the Himalayan sub-region. India’s 
capital city water authority, the New Delhi Jal Board, is 
supposed to supply 200 litres of water per capita per 
day but in reality, several areas across the city receive 
less than 30-40 litres per capita per day, while others 
receive between 400-500 litres per capita per day. This 
large discrepancy and unequal distribution of water 
is often because of poor infrastructure, water theft 
and preferential service to wealthy neighbourhoods. 
As with India, China’s large cities too consume 
approximately 200 litres of water per capita per day, 
while rural areas receive approximately one-fourth the 
amount at 50-60 litres per capita per day. In addition, 
about 20% of water from water treatment plants is 
lost through leaks in distribution pipes across China. 
In 2005, water lost through leaky pipes across China 
constituted approximately 1.7% of water usage, or 
the equivalent of 10 BCM. In India, about 25-40% of 
the water supplied in the urban areas is lost due to 
pipe leakages. It is understandable why this figure of 
‘unaccounted for water’ would be so high considering 
the water sector in India is highly disorganized. Nepal’s 
urban areas lose around 40% of the total water 
supply due to leakages. Bangladesh’s estimates for 
unaccounted for water are around 40-50%. 

A major challenge leading to inefficient water usage 
in China, Nepal, India and Bangladesh is subsidized 
distribution of the resource. The practice does not 
reflect scarcity in the countries and serves to worsen 
the problem. Water prices in China are almost 70-
80% lower than prices in countries with sufficient 
per capita water availability. Subsidized pricing has 
brought about tremendous careless attitude with 
regard to the water usage in the agricultural, industrial 
and domestic sectors in China. There is a severe lack 
of implementation of efficient water saving practices. 
In India however, the challenge is slightly different, 
with the country’s poor unable to reap the benefits 
of the cheaper resource. Despite the Government 
of India spending approximately USD 1.1 billion a 
year on subsidizing water, majority of poor people 
in the country do not have access to potable water. 
Meanwhile, Indian companies pay Rs. 0.10-0.30 for a 
kilolitre (1000 litres) of water, whereas industries in 
the UK pay the equivalent of Rs.90 per kilolitre. The 
substantially cheaper rates in India result in several 
industries completely neglecting water saving norms 
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and practices. Pricing that does not truly reflect the 
value of the water encourages inefficient water use 
in China, Nepal, India and Bangladesh. Readjustment 
of water pricing should be viewed as an essential step 
towards limiting inefficient water utilization, and must 
be implemented to discourage wastage of water.  

National water policies in China, Nepal, India and 

Bangladesh must incorporate further emphasis on 
conservation tools. Rainwater harvesting and water 
recycling should be encouraged and even supported at 
the domestic, industrial and agricultural level. Although 
steps have been initiated to educate people, there 
still remains considerable room for improvement. In 
addition, it is imperative for government policies and 
recommendations to be implemented and effectively 

Pollution and Inefficiency

Arsenic contamination in groundwater was recognized as a problem in 
Bangladesh in 1993. Studies conducted have shown extensive contamination 
of between 50% and 90% in the shallow tube-wells across the southern 
and central regions of Bangladesh. The Government of Bangladesh employs 
a drinking water standard of 50 parts per billion (ppb) to measure arsenic 
levels in groundwater. However, the provisional guideline value, set by the 
World Health Organization (WHO), is far more stringent at 10 ppb for safe 
drinking water.

An estimated 25-30 million people in Bangladesh have been exposed 
to arsenic contamination. Sustained exposure to high doses of arsenic 
contaminated water is a serious health hazard. The use of this contaminated 
water over a long period of time leads to dark and white pigmentation, 
gradual hardening of palms and soles, along with the appearance of hard 
nodular lesions in the human body. In addition, it increases the risk of skin, 
lung and bladder cancer. Estimates suggest that around 85 million people in 
Bangladesh are at risk of exposure to arsenic contamination. This number 
could further rise as groundwater withdrawals for consumptive purposes 
increase owing to depleting fresh surface water resources and higher water 
demand growth rates.

Groundwater arsenic contamination is a public health issue in Nepal as 
well, with the initial tests being conducted on tube-well water in the 
Terai belt in 1999. Arsenic contamination is more prevalent in the Terai 
region as compared to the rest of the country, which uses open water 
sources from streams and rivers. Groundwater abstraction is highest in the 
Terai belt, thus exposing a larger number of people to the risk of arsenic 
water contamination. Studies conducted from 2001-2004 in six highly 
arsenic- affected Terai districts, found 400 people with arsenicosis, out 
of a population of 18,288. The highest prevalence of arsenicosis was in 
the Nawalparasi district, with skin abnormalities such as melanosis and 
keratosis common among those affected. Given that the Terai belt is the 
most agriculturally productive region in Nepal, arsenic contamination of 
groundwater could have serious implications on the agricultural sector.

Arsenic Contamination



enforced by the concerned authorities. 

China’s Eleventh Five-year Program (2006-2010) 
stipulates waste water treatment for almost 80% 
of waste water but for most Chinese cities this is far 
from reality, with the actual figures being below 50%. 
Similarly, it not until 2002 when India’s National Water 
Policy took the issue a little seriously by emphasizing 
the practice of non-conventional methods for water 
utilization, including artificial recharge of groundwater, 
desalination of sea water and rainwater harvesting. 
Nepal’s government is yet to implement rainwater 
harvesting, despite the policy having been prepared in 
May 2009.

Nevertheless, water-efficient practices have been 
used on individual cases across the Himalayan sub-
region. Chennai city in India has made it mandatory 
for all commercial and residential buildings to 
follow rainwater harvesting. Similarly, the New Delhi 
government has made it compulsory for every new 
construction of a house or hotel in the capital to 
have the necessary infrastructure and technology for 
rainwater harvesting. It is a fact that such progressive 
initiatives are successful and have a major impact only 
when they are implemented at the national level. 
The Gansu province in China, one of the most arid 
regions of the country, has been utilizing rainwater 
runoff for irrigation since the 1980s. In addition, the 
local population, in collaboration with scientists has 
successfully developed technology for further progress 
in rainwater harvesting with emphasis on its storage, 
purification and irrigation of rainwater. Over 3 million 
rainwater storage cellars have been built across Gansu 
which provide drinking water to 2.63 million people 
and irrigate 367,000 hectares of farmland. Seventeen 
provinces in China have adopted the rainwater 
utilization technique to provide safe drinking water for 
15 million people and irrigation for 1.2 million hectares 
of land.

Given the state of water resources in Bangladesh, 
rainwater harvesting is now being viewed as a viable 
alternative to the arsenic groundwater. Initiatives by 
NGOs, such as Forum for Drinking Water Supply and 
Sanitation, are working towards making Bangladesh’s 
rural community more self-reliant by developing 
rainwater harvesting technology. The growth and 
encouragement of such programs is necessary if the 

country wants to tackle the current water shortage as 
well as diffuse an impending water crisis.    

The rewards for implementing efficient water practices 
are apparent. Water productivity for crops such as 
banana, cotton and sugarcane in India has improved 
by 45-225%, after the government’s encouragement 
of drip irrigation systems as opposed to surface 
irrigation. Similarly, China’s government is undertaking 
steps to expand areas under drip irrigation across the 
country. Purposeful initiatives that bring significant 
rewards must be widely implemented, particularly as 
agriculture forms the basis of the economies of China, 
Nepal, India and Bangladesh and, will account for the 
largest sector-wide water consumption up to 2050.  

The deteriorating quality of freshwater in the 
Himalayan sub-region river basins is a result of the 
complex relationship between human actions and 
the environment. That declining quality as well as 
quantity of water will hamper future social and 
economic development is a fact. Moreover, the 
survival of ecosystems is increasingly threatened due 
to unrestrained and inefficient use of water. Lack of 
awareness among the population of the Himalayan 
sub-region with regard to essential issues like water 
conservation and the lack of political intent to 
enforce water standards will aggravate the situation. 
Furthermore, rivers flowing at lower levels will worsen 
the impact of drought on the land, thereby increasing 
the risk of desertification and land degradation. 
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06Desertification

Desertification is another major problem confronting the Himalayan river basins of China, Nepal, India and  
Bangladesh. The threat posed by this environmental process could be detrimental to social and economic 
development. In 1994, the United Nations adopted the UN Convention to Combat Desertification (UNCCD) – an 
agreement to which all four countries are signatories. The UNCCD defines desertification as, ‘land degradation in 
arid, semi-arid and dry sub-humid areas resulting from various factors, including climatic variations and human 
activities.’ Climatic variations such as changing rainfall patterns and temperature fluctuations are the major 
causes of desertification in the Himalayan sub-region. In addition, human activities and unabated development 
are accelerating the process, while decreasing water levels, poorer water quality and over- utilization of the land 
intensify desertification in several parts of the river basins. 

Climatic and Natural Causes
The Yellow and Yangtze River basins face severe land degradation and desertification at the source region due to 
the rapid melting of permafrost. In the case of Bangladesh, large areas of the north-west and south-west of the 
country, which form a part of the Ganges River basin, are prone to desertification. Lower precipitation levels and 
higher levels of evapo-transpiration (the sum of evaporation and plant transpiration from the land’s surface to the 
atmosphere), rampant use of biomass and overuse of groundwater have led to increased land degradation in the 
river basins. Desertification within the Himalayan River basins of Nepal and India is an emerging issue. Erosion of 
the land by water will eventually lead to land degradation in Nepal, while India will be challenged by over-utilization 
of groundwater resources and the use of polluted water for irrigational purposes, particularly in the Ganges and 
Yamuna River basins.  

Desertification in China too has been occurring at the source region of the Yellow and Yangtze Rivers. Rising 
temperatures combined with a drop in precipitation levels has increased the pace at which permafrost melts. In 
addition, land already exposed to desertification at the source region of the Yellow River has been expanding at the 
rate of 1.83% per year - a significant amount considering that such land is rendered virtually un-utilizable thereafter. 
Studies conducted by Greenpeace have shown that the Yellow River is losing water at an average annual rate of 
13% at the source region. As a result, the middle and lower reaches of the river are drying. Such occurrences pose 
a direct threat to the economic and social development of those dependent on the river for their survival – with 
supplies of safe drinking water inadequate to offset demand. As a result of the falling river levels, the lower reaches 
of the basin experience rampant land degradation, brought on by drought-like conditions.

The flow and quality of water at the middle and lower reaches of the Yangtze River is increasingly threatened by 
desertification. In addition, the survival of China’s largest freshwater lake, Lake Poyang, in Jiangxi province, is also 
challenged by the prospect of droughts. In the winter of 2007, the surface area of the lake was approximately 1.6% 
of its 3500 square kilometres in the summer flood season. Instances of drought in Lake Poyang can be used as an 



indicator to measure water availability in the Yangtze 
River, particularly since the size of the lake is directly 
proportional to the rise and fall of the river. The impact 
of the lake shrinking is significant, as over 100,000 
people are dependent on its water for their domestic 
and drinking requirements. China’s Hubei province 
has seen the number of lakes reduce from 1066 to 326 
since 1950, highlighting the potential impact of scarce 
water availability.

Nepal is confronted by the challenge of ‘too much 
water, too little water’, a phenomenon which is 
giving rise to instances of desertification across the 
Himalayan nation. Erosion, rising temperatures, high 
levels of evapotranspiration and unsustainable land 
use practices are resulting in greater tracts of land 
being classified as semi-arid to arid. The process is 
likely to intensify over the next few decades, as the 
impacts of climate change become increasingly intense 
and visible. Nepal’s National Action Programme on 
Land Degradation and Desertification stated that 
erosion due to water was responsible for 50% of 
desertification across the country in 2004. The erosion 
of land by water has significant consequences on the 

environment, resulting in terrain deformation and 
the loss of the rich topsoil. Droughts across Nepal, 
stemming from the long winter dry spells confronting 
the country, are likely to exacerbate desertification, 
with districts such as Surkhet and Mustang most 
vulnerable. Estimates suggest that approximately 
74,000 hectares of cultivated land in 16 districts of 
East Nepal was affected by drought in 2001. The result 
has been a failure of food crops, which understandably 
has major repercussions on the local population. 

As harmful climatic processes occur more often in the 
future, Nepal is likely to face considerable challenges. 
Meanwhile, land degradation in the flat lands of the 
country is becoming worse due to sand deposition 
as rivers in the country change their course. The 
Koshi River, to the east of the country, has destroyed 
approximately 1300 square kilometres of land through 
sand deposition. In addition, many watersheds in the 
country are threatened by desertification as a result of 
physical and biological factors, with reports suggesting 
that 0.4%, 1.5% and 11.7% are in very poor, poor and 
fair condition respectively.

State of Desertification in Nepal

Watershed Condition of Districts

Source: “National Action Programme on Land Degradation and Desertification” http://www.unccd.int/actionprogrammes/asia/
national/2004/nepal-eng.pdf
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Anthropogenic Factors 
Climate-induced change is not the sole reason for land 
degradation in the Himalayan sub-region. The Yellow 
River basin, with a high average population density, 
covers a land expanse which is pre-dominantly classified 
as arid, semi-arid and dry sub-humid. Agriculture and 
animal husbandry constitute the primary occupation 
of the region, resulting in intense pressure on the 
land, as people depend on it for their livelihood and 
daily sustenance. Low vegetation cover as a result of 
overgrazing, excessive groundwater extraction and 
deforestation, are together responsible for having 
outstripped the carrying capacity of the land, prompting 
its degradation. Provinces such as Ningxia and Shanxi 
have experienced degradation of the land at a rate 
of 90-97%, in comparison to provinces with lower 
population densities such as Xinjiang, Inner Mongolia 
and Qinghai, which recorded land degradation at the 
rate of 80-87% since 1949. A report published by 
Greenpeace on the Yellow River states that around 
3000 small lakes in this region have disappeared over 
a period of 15 to 20 years. Furthermore, grasslands in 
the Maqu County of Gansu province and the wetlands 

of Ruoergai in the upper Yellow River are slowly turning 
into deserts. 

As in the case of the Yellow River, intensification 
of economic activity has been a major cause of 
land degradation in the Yangtze River basin too. 
Deforestation in the basin has resulted in the loss of 
over 85% of its forest cover during 1990s. Furthermore, 
the Yangtze basin is threatened by desertification 
despite the apparent abundance of water. Reports 
indicate that a quarter of China’s land is desert, with 
the rate of desertification of the land over 3000 km2 
per year since 2000.

Land degradation in Nepal has been exacerbated by the 
expansion of rain-fed cultivation onto marginal lands, 
inappropriate crop intensification, mining, overgrazing, 
groundwater extraction and uncontrolled harvesting 
of biomass. The country is extremely vulnerable to 
erosion and degradation, given that its three main rivers 
flood quite often. In addition, deforestation in the Terai 
region resulting from efforts to bring more land under 
cultivation has increased the rate of erosion. Between 
1990 and 2000, Nepal has lost an average of 917 sq. 
km of forest per year to these factors. In 1990 the total 

The wetlands in the upper reaches of the Yellow River, cover 16,671 
hectares of land in the Sichuan province. They are known as the 
‘Reservoir of the Yellow River’ and supply almost 30% of the river’s 
water. This is one of world’s most important areas in terms of 
biodiversity and is also the world’s largest alpine wetland. However, 
over the past 15 years, these wetlands have been reduced by almost 
40% as a result of global warming, reduced rainfall and human 
activities. A large number of rivers and lakes in these wetlands have 
either shrunk or dried. The Xingcuo Lake has shrunk from 469 hectares 
to less than 10 hectares. It has become a source of desertification 
and is now a threat to the surrounding meadows. Experts say that the 
desertification of the Ruo’ergai is now going on at an annual rate of 
almost 12%.

Woes of Ruo’ergai Wetland



forest cover in Nepal 48,170 sq. km, which declined to 
39,000 sq. km by 2000 and 36,360 sq. km by 2005. The 
average annual rate of deforestation was 1.90% during 
the same period. Between 2000 and 2005, this rate has 
decreased to 1.35% per annum. If that trend continues 
between 2005 and 2010, the total forest cover in 2010 
should be 33,885 sq. km.

Rapid depletion of water in the Ganges and Yamuna 
basins in India, coupled with depleting groundwater 
resources in the surrounding areas, is likely to result in 
desertification in some parts of the river basins by 2020. 
The groundwater table in areas around New Delhi, 
which are fed by the Yamuna River, has decreased 20-
30 meters since the 1940s, and is currently decreasing 
at an average rate of 3 metres per year. As a result, 
areas along the banks of the Yamuna will be unable to 
sustain themselves unless adequately replenished. In 
addition, semi-arid conditions along most of the river 
and destructive human activity are responsible for 
intensifying the desertification of the land along the 
rivers.  

Bangladesh experiences extreme seasonal variability, 
with floods during the monsoons and droughts in the 
dry periods. November to April is typically marked by 
aridity, with districts to the north-west of the country 
such as Rajshahi and Kushtia; Jessore and Pabna, Bogra 
to the west and Dinajpur to the south especially prone 
to desertification. The groundwater table in the region 
drops below 8.95m to 18.56m during the dry season 
due to over-extraction. The low flow of the rivers, lower 
precipitation, over-exploitation of groundwater and 
higher evapo-transpiration levels have severely affected 
the soil fertility thereby triggering desertification. 

The Brahmaputra River basin in Bangladesh faces 
‘excessive evapotranspiration’- when the daily actual 
evapotranspiration rate exceeds the daily rainfall rate, 
i.e. the daily evapotranspiration being between 200mm 
to 400mm, with regions in excess of 400mm considered 
‘dry’. As a result, a large part of the basin faces drought 
for most of the dry season. Meanwhile, the north-
central region near Dhaka faces moderate drought 
during the dry season, with annual rainfall less than 

Situated at the convergence of the Gansu, Sichuan and Qinghai provinces, 
the Maqu County was a large grassland area about 50 meters from the 
Yellow River. The county was known to have one of the largest wetland areas 
in the world, earning it the distinction ‘Cistern of the Yellow River’, as it 
supplied 45% of the river’s water. However, the story is vastly different today, 
as the grasslands and 200km along the riverbank are increasingly threatened 
by desertification. Water bodies in the region, such as lakes, swamps, and 
wetlands have shrunk from 66,700 hectares to 20,000 hectares i.e. almost 
one-third. More than 90% of the total 856,000 hectares of grasslands have 
degenerated, with 6% of the grassland area now a desert. In addition, 
desert-encroached areas have been increasing by 6.14% annually since 1990. 
The Government of China has stated that overgrazing by cattle, deforestation 
and global warming are the reasons behind the pasture lands turning to 
sand. The banks of the Yellow River are being seriously affected by the 
desert’s encroachment. As a result, water-levels have significantly reduced, 
leading to approximately 1000 springs drying up. Meanwhile, severe 
desertification along the Yellow River in the Qinghai Province has increased 
the sand content of the water, directly influencing the quality and quantity 
of water in the lower reaches of the river.

Misfortune of Maqu
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1600mm and evapo-transpiration in excess of 400mm. 
Degradation of the land in the region is exacerbated 
by human activity on land and water resources. The 

Meghna River basin in Bangladesh receives sufficient 
rainfall and has relatively fertile land, thus not making 
desertification an issue for the river basin.
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07Loss of Biodiversity

Climate change and the influence of anthropogenic factors are affecting the sustainability of the Himalayan River 
basins. The river basins in China, Nepal, India and Bangladesh are increasingly facing threat which will result in the 
loss of ecosystems. This will further affect the quantity and quality of water and will result in a complete loss of 
biodiversity. Rivers such as the Ganges and Yamuna in India and the Yellow and Yangtze Rivers in China face excessive 
organic pollution from domestic sewage, industrial effluents, and hazardous chemicals that are regularly dumped 
into them. Progressive exploitation of all forms of water resources, rising temperatures and lower precipitation 
levels are altering the ecosystems. In addition, the changing flow of the rivers, as a result of dams and barrages, has 
also threatened the fish biodiversity and wildlife in these countries, leading to their sharp decline. 

The Yellow and the Yangtze Rivers in China are rich in biodiversity due to their unique geographical and ecological 
conditions, especially at the source region. In recent years, due to climate change and the degradation of biodiversity 
as well as uncontrolled human activities, the number of plant and animal species in the region has declined sharply. 
Many animal species such as the wild yak, Tibetan antelope, snow leopard, lynx, Tibetan gazelle and argali, which 
are commonly found in the source region, are hunted for their meat. As a result, their numbers too have declined 
and many of them are on the verge of extinction. In addition, valuable herbal remedies native to Qinghai Province 
which are used for medicinal purposes, and serve as a cure for hypertension, gastro-intestinal diseases and blood 
pressure are on the verge of extinction due to increased human activities and subsequent pressure on the land.

The functioning of the upstream ecosystem has had a direct impact on the productivity of the middle and lower 
reaches of these river basins. Flushing out sediments is an important function of the Yellow River as it protects the 
biodiversity and helps in sustaining the wetlands and fisheries at the mouth of the river. According to the Working 
Paper on the Yellow River published by IWMI in 2003, the minimum river flow required to flush out sediments is 
14 BCM. An additional 5 BCM is necessary for other environmental requirements such as sustaining grasslands, 
wetlands and fisheries. This constitutes approximately one third of the annual flow of the Yellow River. However, this 
minimum flow has not been maintained, with the surface water being used almost to its full capacity for industrial, 
urban and agricultural needs. This has created a host of ecological problems downstream such as deterioration of 
wetlands and sea-water intrusion into the groundwater tables, which has, in turn affected the biodiversity of the 
region.

The middle and lower reaches of the Yangtze River basin have around 300 species of birds, 360 species of fish and 80 
species of mammals. The basin is home to a wide range of animals such as leopards, giant pandas, Siberian cranes 
and Chinese sturgeon. In addition, the Yangtze River dolphin, which is one of four exclusive freshwater species in the 
world, is also found in this region. These dolphins, which were earlier found in smaller connecting rivers and lakes 
such as the Qiantang and Fuchun Rivers and Dongting and Poyang Lakes, are now seen only in the main river stream 
of the Yangtze. Recent studies have shown that these dolphins are presently ‘functionally extinct’, indicating that 
their numbers have declined significantly as a result of excessive pollution and insufficient freshwater. In addition, 
the number of animal species has fallen from 126 in 1980s to 52 in 2002 due to the widespread pollution. It is 
important to note that the loss of animal species is not quantifiable in monetary terms, with its biggest impact likely 
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to be felt on future generations.

As with the Himalayan Rivers flowing through China, the 
Ganges River in India and Bangladesh traverses diverse 
ecosystems and sustains varied biodiversity. Along with 
the endangered Ganges River dolphin, which is mainly 
found within the river’s length in Nepal, India and 
Bangladesh, the basin is home to around nine species 
of aquatic mammals and reptiles and, eleven species 
of freshwater turtles.  In addition, the basin supports 
many plant species that help in water conservation, 
control soil erosion, provide nutrients and possess 
medicinal properties. The functioning of the Ganges 
River, which supports the rich flora and fauna, has 

reached a critical level as a result of tremendous 
pollution, excessive use of water and altering land use 
practices, resulting in the loss and degradation of the 
ecosystem and biodiversity. The Ganges River dolphins 
have reduced by 50% in the last five decades. It is 
estimated that there are approximately 2000 surviving 
today. Given the present rate of decline, it is estimated 
that the Ganges dolphin will be extinct by 2050. 

Similar to the situation with the Ganges River, increased 
human activity such as deforestation and water 
pollution in the Brahmaputra basin has increased 
the pressure on the region’s fragile ecosystem. The 
Brahmaputra basin provides a unique habitat for many 

The Sunderbans National Park is a UNESCO World Heritage Site formed 
at the Delta of the Ganges, the Brahmaputra and the Meghna rivers at 
the point where they flow into the Bay of Bengal. Sundarban means 
‘beautiful forest’ and is one of the largest mangrove forests in the world. 
Approximately 62% of the mangroves are found in Bangladesh, while the 
remaining 38% lie in the southern tip of West Bengal, in India. Numerous 
creeks and inter-connected rivers supply freshwater to the delta from these 
Himalayan rivers. 

At present, the Sunderbans delta is experiencing a sea-level rise of 3.14 
mm per year, almost 63% more than the global average sea-level rise of 
2 mm. The islands in the Sunderbans delta in India such as Lohachara 
and Suparibhanga have submerged as a result of the rapidly rising seas. 
Estimates suggest that 15% of the Sunderbans will be completely submerged 
by 2020. Rising sea-levels will also result in an increased level of salinity in 
the soil and water resources, which will negatively impact the growth of 
mangroves. 

In addition to supporting a diverse and vibrant collection of flora and 
fauna, a large number of people are dependent on the Sunderbans for 
their livelihood. Deforestation, conversion of land for agriculture, shrimp 
farming and unplanned development projects have not just disturbed the 
overall environmental balance there but have also resulted in the loss of a 
significant portion of the mangrove forests. The increased economic activity 
along with sea-level rise is expected to further destroy this already fragile 
ecosystem. 

Sunderbans: Bereft of Beauty

Loss of Biodiversity



rare and endangered species such as the great Indian 
one-horned rhinoceros, pygmy hog, hispid hare, Asiatic 
elephant, clouded leopard, marble cat, golden cat, 
binturong, hoolock gibbon, the white-winged Wood 
Duck and the Bengal Florican, which are presently 
endangered.

The numerous wetlands, or ‘beels’, found in the 
Brahmaputra basin are ecologically significant as they 
support a diverse range of flora and fauna. There 
are over 3,500 wetlands in Assam, 177 of which are 
of more than 100 hectares in size. These wetlands 
retain floodwaters that act as nurseries for harvesting 
traditional fisheries. As a result of the excessive 
siltation and unrestrained agricultural practices these 
wetlands are gradually degrading. In addition, there 
has been considerable decline in forest cover due to 
deforestation and conversion of land for cultivation. 
Shifting or ‘jhum’ cultivation, which is widely practiced 
in the north-eastern region, is a major cause of 
deforestation and has had a disastrous impact on the 
region’s ecology through soil erosion and loss of soil 
fertility.

The Sunderbans, situated near the Ganges River 
and spread across areas of West Bengal in India and 
Bangladesh, form a fringe of the delta. The seasonally-
flooded Sunderbans are home to approximately 330 
plant species, 400 species of fish, 270 species of birds, 
35 species of reptiles and 42 species of mammals. 
Covering about 10,000 sq km of forest area, it 
provides employment opportunities to the local 
economy and protects the coastal areas from storms 
and cyclones. Over the years, the unrestrained and 
inefficient use of ecological habitats has resulted in 
the loss of biodiversity in the region. Shrimp farming,  
mainly located in the Ganges River basin districts of 
Satkhira, Khulna and Bagerhat, is one of the fastest 
growing export industries in Bangladesh. However, 
intensification and expansion of shrimp farming has 
reduced the size of the Sunderbans in Bangladesh by 
45%. The costs associated with economic growth on the 
natural environment are enormous, highlighting the 
need to focus on sustainable growth, which balances 
ecological longevity with development aspirations.    

While the Himalayan River basins of China, Nepal, 
India and Bangladesh are environmentally varied, 
Nepal is considered a biodiversity ‘hotspot’, reiterating 

its importance to the overall balance of the region’s 
ecology. The elevation of the land, climatic variations 
and diverse vegetation, make the country home to 
approximately nine eco-regions of the 60 found in the 
Himalayan region. The National Action Programme on 
Land Degradation and Desertification, states that Nepal 
has over 2% of flowering plants (about 7,000 species) 
and 8% non-flowering plants of the world. In addition, 
approximately 4.5% of the worlds’ mammals, and over 
9% of bird species are found in Nepal. Studies have 
shown that around 11 species of birds and 3 species 
of mammals are already extinct due to the destruction 
and alteration of the habitat, over-exploitation of 
species and climate variations.

Wetlands comprise approximately 2.6% of Nepal’s 
area and support the country’s rich biodiversity. In 
addition, given Nepal’s abundant water resources, 
water availability is not a major issue for the country. 
However, the wetland ecosystem is under constant 
pressure from unsustainable agricultural practices, 
deforestation, encroachment and overgrazing. The 
tourism industry, a source of revenue, is heavily 
dependent on the Himalayan Rivers and the 
biodiversity of the country. As the pressures from 
population growth and anthropogenic factors increase, 
the economic growth of the country will be affected in 
the future.

Impact on Livelihood
As temperatures rise, the incidence of droughts will also 
increase. Lakes are expected to   gradually disappear in 
the Yellow and Yangtze River basins, further affecting 
aquatic and animal life there. A report on climate 
change by the United Nations Environment Programme 
(UNEP), states that colder winters, frequent droughts, 
and flooding will result in the reduction of the rate of 
fish reproduction by 10% by 2030. It is also estimated 
that 80% of the water flowing in China’s rivers is 
unable to sustain fish life. This has not just affected the 
food supply but has also hampered the livelihoods of 
people engaged in the fishing industry. 

Similar to the Yellow and Yangtze River basins, lack of 
freshwater has also affected the livelihoods of people 
dependent on the Ganges River in India for their 
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sustenance. Fishing activities are primarily carried 
out by the poorest sections of society. The estimated 
decline in river water by 2030 will surely affect the 
livelihoods of millions of people dependent on this 
industry within the region. 

In Bangladesh, the Himalayan Rivers play a crucial role 
in maintaining the water flow in smaller river channels, 
thus controlling salinity intrusion as also helping 
sustain human and economic activity. The water flow 
facilitates connectivity with the smaller rivers for 
navigational purposes and helps maintain wetlands 
for open water fishing. Approximately 60% of land 
area in Bangladesh can be classified as wetlands over a 
seasonal period. However, wetland areas are shrinking 
due to expansion of boro rice cultivation especially in 
north-eastern regions, which includes districts such 
as Sylhet and Mymensingh. This has resulted in the 
decline of aquatic life. Estimates suggest that 70 million 
people in rural Bangladesh rely on the wetlands for 
their livelihood, with four out of every five people in 
rural areas dependent on aquatic resources to some 
extent.

The fishing industry in Bangladesh is an invaluable 
source of food security and nutrition to a large 
percentage of the population. The poor people in 
Bangladesh are even more dependent on fish for their 
survival. The degradation of fresh water due to human 
activity has led to a decline of fresh water fishing. It 
is reported that freshwater fish consumption fell by 
38% amongst poor wetland inhabitants between 
1995 and 2000. (The statistics for the last decade are 
not available) In future, rising surface temperature 
is expected to have a negative impact on fisheries, 
particularly shrimp farming. Furthermore, in the 
eventuality that temperatures cross a threshold of 
32° Celsius, small shrimps will show a higher rate of 
mortality, which will eventually result in their decline. 

Fishing is not a major industry in Nepal though it is an 
important source of additional income for rural people. 
Climate change is considered a serious threat to the 
aquatic biodiversity in this region. An IPCC Special 
Report on ‘The Regional Impacts of Climate Change’ 
states that fisheries at higher elevations, such as the 
hill or mountain fisheries in Nepal will be affected due 
to lesser availability of oxygen in the atmosphere as 
a result of increased temperatures. The timing of the 

monsoons in the plains and the expected deviations in 
the precipitation patterns due to climate change will 
also adversely affect migration of fish species from the 
river to the floodplains for spawning, dispersal, and 
growth. Any extreme weather events, such as floods 
will also be active factors in the depletion of fisheries 
in the plains. 

The Eastern Himalayas are a source region for the 
major rivers in China, Nepal, India and Bangladesh. 
These ranges have been identified as one as one of 
the most threatened biodiversity spots of the world.  
The linkages between climate change factors and the 
effects of human activity on freshwater ecosystems 
that lead to the loss of biodiversity are apparent. In the 
next 20 to 30 years, fluctuations in water availability 
at the source region will have a detrimental impact 
on the river basins downstream, especially during 
the dry season. Changing climate patterns such as 
rising temperatures and unreliable precipitation will 
further alter the availability of water in these basins. 
This will directly impact the future of ecosystems and 
biodiversity. 

In addition, as the basin population and economic 
sectors grow simultaneously, the loss of ecosystems 
and biodiversity will occur at an accelerated pace. 
Given the present trend in water use, it is estimated 
that the demand for water will outstrip the supply, 
especially in China and India. Changes in land use 
patterns and expansion of arable land will become 
inevitable, further straining the ecosystem of the river 
basins. The availability of freshwater biodiversity in 
these countries acts as a crucial parameter to measure 
the social and economic well-being of the population. 
Provision of food security will be a major issue as these 
countries try to maintain a balance between water 
required for human activity and, ecological services 
over the next 20 to 30 years.
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The Himalayan glacier-fed rivers face numerous environmental challenges such as increasing pollution, over-
extraction, sea-level intrusion and flooding amongst others. Besides, as the rainfall patterns change, temperatures 
fluctuate and groundwater resources deplete, the water situation in the Himalayan sub-region could become 
increasingly precarious. Agriculture, as the primary source of employment in China, Nepal, India and Bangladesh, is 
likely to take a severe blow not just in terms of economic gaps in demand and supply of food production, but also 
with regard to loss of livelihood and nutrient consumption. The agricultural sector is almost entirely dependent on 
the annual monsoon season and the subsequent replenishment of surface and groundwater resources. However, 
irrigating the land is becoming more and more difficult as groundwater tables recede and annual river flows 
fluctuate. As a result, the lives of people dependent on agriculture become vulnerable to issues of water scarcity. 
Moreover, as competition to gain access to food intensifies and livelihoods are threatened, human security is also 
being increasingly threatened.          
 
As with several other issues confronting the Himalayan sub-regional countries, the issue of food security does 
not occur in isolation. The repercussions of scarce water resources are likely to be felt at various levels and over 
an extended period of time. As arable land is lost, people will be forced to look for other means of sustenance. 
Meanwhile, a reduction in food supplies could result in price inflation or, the importing of food from elsewhere. 
‘Food insecurity’ is not new to the sub-region, with Nepal and Bangladesh already facing the issue. Furthermore, 
there is a real possibility that the Himalayan basins of China and India could fall prey to the problem, putting the 
lives of close to 1.3 billion people at risk.     

Agrarian Economies 
China, Nepal, India and Bangladesh are primarily agrarian economies. Approximately three-quarters of Nepal’s total 
workforce are engaged in agriculture. Similarly, over half of India and Bangladesh’s workforce belongs to the sector 
while over 40% of China’s labour is in the farm sector. 

Agriculture is an important though declining component of the national economies of all four countries, as a share 
of Gross Domestic Product (GDP). About one-third of India’s GDP and 40% of Nepal’s GDP is contributed by the 
farming sector. Agriculture contributed about to about 11% of China’s GDP in 2006 and 19% of Bangladesh’s GDP 
in 2007. While agriculture is important to the region, the examples of China and Bangladesh highlight the extent 
of ‘underemployment’ present in both countries. Given that agriculture accounts for approximately 40% of China’s 
workforce and 50% of Bangladesh’s, the corresponding GDP figures are indicative of the small contribution (%) 
made by the sector to the overall national economy. In addition, agriculture is the largest consumer of water in the 
region – accounting for over 80% of the demand for the resource in India and Nepal, over 90% in Bangladesh and, 
approximately 65% in China.
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The primary crops of the Himalayan sub-region are 
rice, wheat and maize. While other crops such as 
rubber, banana, tea and cotton are grown in the region, 
rice is the dominant crop in the Yangtze, Ganges, 
Brahmaputra, Karnali, Gandaki and Saptakoshi basins.  
Rice is also a very important crop among the three river 
systems in Bangladesh. Wheat farming constitutes the 
predominant crop in the Yellow River basin, while tea 
and rubber are important to the Brahmaputra basin in 
India. Once the Brahmaputra enters Bangladesh, jute 
takes precedence over the rest of the crops.

Dependency on Monsoon 
Production of crops over the past few decades has been 
determined largely by the changing rainfall patterns in 
the Himalayan sub-region. The monsoon season, which 
is vital to the agricultural sector, now experiences fewer 
days of annual rainfall, typically defined by intense 
showers that are harmful to crops. This trend is likely 
to deteriorate in the future, with the agricultural sector 
taking a big hit. Despite improvements in irrigation 
infrastructure in China, India, Nepal and Bangladesh, 
farming still continues to be monsoon-dependent. 
While the countries of the sub-region are equipped to 
deal with occasional variations in the yearly rainfall, in 
terms of sufficient food stocks – recurring instances of 
deficit rainfall could still affect food supplies and thus 
shoot up prices.    

In many aspects, a significant proportion of the GDP 

of China, Nepal, India and Bangladesh is linked to 
the monsoon season. Given that agricultural sector 
accounts for a large percentage of the national economy 
in these four countries, weak monsoons could affect 
farming output and subsequently the GDP. 

The relationship between irrigation and agricultural 
output is closely inter-linked. Farming units that are 
equipped with irrigation infrastructure are less likely 
to be dependent on the monsoon season and hence, 
on deficit rains. Although irrigation is dependent on 
rainfall and groundwater resources, it works as a buffer 
of sorts, allowing crops to be watered during periods 
of less rainfall.

The Yellow River in China is largely dependent on 
irrigation, owing to its location in an arid to semi-arid 
region. With approximately 7.5 million hectares of 
land under irrigation, the basin is one of the largest 
groundwater irrigated areas in the country. This 
dependence sets a dangerous precedent for future 
agricultural output in the region, as water scarcity is  
likely to have an impact on groundwater resources, 
which in turn will impact irrigation. Although irrigation 
reduces the impact of deficit rain on agricultural 
production, it ceases to be of much help during 
prolonged periods of no rainfall. The droughts in early 
2009 affected about 63% of Henan province’s 5.26 
million hectares of wheat. The province contributes 
towards 25% of China’s overall annual wheat 
production, highlighting its importance to the national 
narrative.

11%

China Nepal

41%

India

33%

Bangladesh

19%

Percentage of workforce employed in agriculture

Percentage Contribution of Agriculture to Gross Domestic Product (GDP)%

Agriculture : Employment, Contribution to National Economy

43% (2006) 58% (2001) 75% (1998) 51% (2000)

Food Security



Nepal, which has only 35% of its 2.3 million hectares of 
arable land irrigated, faces numerous hindrances to its 
agricultural output in the event of delayed monsoons. 
It is imperative that the country’s infrastructure is 
expanded to cover larger tracts of land, particularly in 
the mountain and hill areas, as they do not receive as 
much water as the Terai belt.  As an example, Nepal 
suffered poor monsoons in 2006-2007 which resulted 
in a drop in rice production by 600,000 tons from the 
previous year, while a normal season in 2007-2008 
resulted in a surplus of cereal production for the year 
– highlighting the vulnerability and dependence of 
output on rainfall. A good monsoon season in Nepal 
usually boosts the country’s export of food produce, 
further driving the country’s GDP higher. However, 
Nepal’s over-dependence on an erratic monsoon 
affects the agricultural output and threatens to impact 
on the country’s ability to feed its growing population. 
This also indicates the urgency with which Nepal must 
develop its irrigation infrastructure.

In India, 84% of the total wheat sown area and 47% 
of the total rice sown area is irrigated. Within the 
Himalayan river-fed basins and in particular, the Ganges, 
over 50% of the grain area is irrigated. Water from 
the river is used extensively for irrigational purposes, 
with the cultivable land in the states of Uttar Pradesh 
and Bihar, benefiting from the irrigation canals, which 
begin in Haridwar in the upper reaches and Naraura in 
the lower reaches. Large areas of land in Uttar Pradesh 
and Bihar are also irrigated by channels running from 
hand-dug wells. The high levels of dependency on 
irrigation within the Ganges basin make the quality and 
amount of water available in surface and groundwater 
reserves extremely vital to the future of agriculture in 
India. Given that water scarcity is likely to become an 
issue within the basin and that pollution is rampant in 
the Ganges River, agricultural production in the region 
could be affected drastically in the future. However, 
it is the repercussions of falling agriculture that are 
more likely to result in a larger systemic problem, as 
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employment opportunities decrease, food prices soar 
and human security is threatened.   

Irrigated land in Bangladesh constitutes approximately 
4.3 million hectares, or 50% of a total cultivable 
area of 8.4 million hectares. While the percentage 
amount with regards to total area is relatively large, 
Bangladesh’s irrigation is 70% comprising of tube-well 
technology. This has strained groundwater resources 
during the dry season. In addition, the high levels 
of arsenic contamination in groundwater resources 
in Bangladesh are an increasing cause for concern, 
especially as the polluted water is used for agriculture. 
Furthermore, growing salinity brought on by sea level 
rise is also affecting the quality of the soil quality with 
estimates suggesting that over 443,000 tons annual 
rice production could be lost by 2050.

Rising Temperatures 
Global warming has not only resulted in rising in 
temperatures but has also had an impact  on crop 
production in the Himalayan sub-region, leading 
to changing patterns of land use as well as the crop 
variety. As China, Nepal, India and Bangladesh are 
located close to the equator they are likely to be 
adversely affected by a rise in temperatures – a fact 
reinforced by the IPCC in 2007. Over the next few 
decades, changing climatic conditions, particularly 
higher temperatures, will have an impact on 
agricultural production especially since crops require 
cooler temperatures. Moreover, crops such as rice, 
wheat and maize, that require warmer, humid climes, 
will have to be cultivated at higher altitudes, as their 
current cropping locations is becoming inhospitable. 
In addition, a rise in temperatures will prompt the use 
of hybrid crops, which are capable of sustaining higher 
temperatures and require less water.  

Because of the impact of rising temperatures on 
agricultural practices in China, rice cultivation is 
moving northwards. The southern Chinese province of 
Guangdong, historically known to be a rice region, lost 
half of its crop area, or the equivalent of 85,000 hectares 
per year, between 1979 and 2005. By comparison, 
the north-eastern province of Heilongjiang, gained 
64,000 hectares per year, highlighting the fact that 

temperatures in the region are warming up and 
are becoming more conducive for rice cultivation. 
Similarly, winter wheat cultivation in the north-east 
is moving further north and extending westward, to 
more suitable climates.

The situation is similar in India, with studies revealing 
that summer time temperatures in the north-east of 
the country have increased by an average of 5°C over 
the last two decades. The 2009 monsoon season saw 
Guwahati in Assam record maximum and minimum 
temperatures higher than the average by 5°C and 
1°C respectively. Meanwhile, Shillong recorded a 
maximum temperature 3°C above normal. Given that 
these areas are traditionally engaged in the growing 
of tea, any increase is bound to have an impact on 
long-term productivity. In 2007, tea production fell 
by as much as 30% as a result of higher than average 
temperatures and a deficit rainfall. The Tocklai 
Experimental Station in Jorhat (the world’s oldest 
institute for tea research), stated that irregularity in 
rainfall and rising temperatures will affect tea output 
and crop production adversely in the future.

The transition period, or the process over time by 
which agricultural production shifts base in a country, 
is likely to result in an overall increase in short-term 
output. However, this will be a temporary process, 
with rice cultivation in the Terai region for example, 
increasing Nepal’s overall yield in the immediate future. 
Areas growing rice and wheat are likely to expand in 
Nepal in the immediate future, a trend that will be 
accompanied by a short-term increase in productivity. 
However, in order to be self sustainable, Nepal will 
have to increase its production of major crops with the 
intention to export surplus food grain.

In the long term, rising temperatures will impact the 
crop production, with every 1°C rise in temperature 
causing decline in the crop yield. Lower altitude regions 
in China, India and Bangladesh, will experience a 12% 
drop in rice yield for every 2°C rise in temperature. 
Assuming all other things remain constant, as per 1990 
rice production levels of 192 million tons (M t), a 2°C 
rise by 2020 will result in a drop in rice production to 
168.96 M t.

As per the General Circulation Model (GCM), a 2°C 
rise in temperature in Bangladesh at 330 ppm CO2 
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decreased the yield of HYV (High Yielding Variety) Aus 
rice by 19%. Given that the production was 0.77 M t in 
1991-92, and assuming all things remain constant, a 
2°C temperature rise by 2020 will result in a fall in HYV 
Aus rice production to 0.62 M t. 

If Bangladesh experiences a 2°C rise in temperature 
and 30% moisture stress by 2030, then the winter 
(boro) rice yield will decrease by 1-4% of the base year 
yield of 1990. By 2050, a 4°C rise in temperature and a 
moisture stress level of 60% will cause the winter rice 
yield to fall by 10-33% of the base year of 1990.

The IPCC’s 4th Assessment Report suggests that the 
warming in India is likely to be above the South Asia 
average. A selection of regional modelling reports 
state that temperatures in India could rise between 
2.5°C and 5°C by 2100, with a more pronounced 
impact over northern India. To put it into perspective 
and to get estimations of by how much temperatures 
will rise by 2050, we halve the numbers and find 
that there will be a rise of 1.25°C to 2.5°C by 2050. 
If global average temperatures increase by 1.5°C to 

2.5°C, there is an increased risk of extinction of 20%-
30% of the plant species in India. Rising temperatures 
will have a more serious impact on agriculture and 
the health of people in India than changing rainfall 
patterns, a fact reinforced by the Indian Institute of 
Tropical Meteorology (IITM). Conversely, Nepal is likely 
to be affected to a greater extent by erratic rainfall, as 
opposed to rising temperatures.  

Degradation of Arable Land
Other processes like desertification, soil erosion, 
flooding and sea level rise are also going to affect the 
Himalayan sub-region, all of which threaten to degrade 
the land and result in a loss of livelihood for people in 
the region. Loss of arable land will result in a reduction 
in crop yield as well as perennial plant cover, which 
could eventually impact animal husbandry.

Tracts of land along the Brahmaputra River in 
India and sloping areas in the Yellow River basin in 

Change in Rice Area (‘000 ha)
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China are prone to soil erosion, which threatens to 
reduce agricultural productivity. Erosion along the 
Brahmaputra is aggravated by the frequent foods 
which hit the basin. The tea-growing areas of upper 
Assam’s Tinsukia and Dibrugarh districts are likely 
to become victims of soil erosion in the future. The 
Thannai tea estate in Dibrugarh district was lost forever 
after the river swallowed approximately 350 hectares 
of plantation land. Meanwhile, between 1992 and 
1999, approximately 1500 hectares of tea-growing 
land, estimated to be worth Rs.5.4 billion, has been 
lost to soil erosion.

If the trend continues, the existence of Assam’s tea 
estates could be also be threatened, subsequently 
impacting the state and the national economy, as well as 
those employed within the sector. Assam’s agricultural 
sector bears the brunt of annual floods, with estimates 
suggesting that 12.21% of the geographic area is 
directly impacted.  Overall, approximately 130 million 
hectares of land or 45% of the total geographic area of 
India, is affected by soil erosion. Land lost to erosion 
cannot be recovered, making it a permanent impact 
on agricultural production as well as a permanent loss 
of the country’s natural resources.

Bangladesh too has to contend with land loss resulting 
from coastal and river erosion. In the 23 years between 
1973 and 1996, approximately 70,000 hectares of 
land along the banks of the Brahmaputra-Jamuna 
were lost to erosion. On an average, 3000 hectares 
of land are lost to erosion every year. As the glaciers 
melt and rainfall becomes more intense in the short 
term, the rate of soil erosion will increase in the 
immediate future. However, the main cause of loss of 
arable land in Bangladesh remains the rise in sea level, 
with estimates suggesting that Bangladesh could lose 
20.7% of its arable land as a result of a 1m rise in sea 
level between 1990 and 2100. This could equate to 
a 6% loss in the country’s rice production. According 
to some speculations, sea intrusion may affect more 
than 50 kilometres by 2030 and may even reach 200 
kilometres in an extreme situation.

In addition to coastal as well as river erosion,  
Bangladesh is also greatly impacted by arsenic 
contamination. Given the dependence of agriculture 
on groundwater, arsenic contamination of the 
resource could have drastic implications on the health 

of the population. Ideally, contaminated land should 
not be used for cultivating crops. Consumption of 
arsenic-contaminated food through rice, cereals 
and vegetables, is likely to result in major health 
implications for people. Despite knowledge of arsenic 
contamination in soil content and groundwater 
resources, the land continues to be utilized, more 
because of the lack of research on the extent to which 
arsenic contamination has infiltrated the land than 
anything else. In the long run, arsenic contamination 
of the land will not only impact on health security, but 
will also displace farmers from the land as it becomes 
no longer cultivable.  

The Yellow River in China is greatly affected by 
desertification – a problem compounded by the arid to 
semi-arid climate in the region. The agricultural output 
is also heavily dependent on groundwater irrigation. 
In the case of the Yamuna River, areas surrounding the 
river will face desertification over the next ten years 
due to the rapid depletion of water in the river and 
falling groundwater levels. Agricultural production in 
the basin area could also decrease in the future, as 
tracts of land are regularly being rendered uncultivable 
due to desertification.   

The rapid pace of industrialization and urbanization 
has taken a toll of the land in the Himalayan sub-
region by resulting in the loss of arable land. With 
increasing development, traditional sources of income 
such as agriculture, will occupy less space in the 
national economy and people will seek employment 
opportunities in the industrial and/or services-based 
sectors. The agricultural sector will nevertheless 
continue to dominate and will only decrease in 
comparison to its earlier position/percentage in the 
macro (national) perspective. It should also be noted 
that as arable land is lost due to natural processes, 
agricultural practices will adapt and modernize to 
ensure minimum impact on overall productivity. The 
case of China is one such example, where between 
1952 and 1997 arable land in the country declined by 
12%, as a result of industrialization and urbanization, 
but grain production increased due to multiple 
cropping practices and by using advanced methods of 
cultivation. 



Future Prospects
As precipitation patterns change and temperatures 
increase, the need to alter and adapt modern 
agricultural practices to ensure crop productivity, will 
arise in China, Nepal, India and Bangladesh. Alterations 
to crops will also reflect on changing land use patterns. 
In Bangladesh, cropping patterns are dependent on 
land elevation. In lands with normal shallow flooding, 
farmers are able to grow 2-3 varieties of crops on 
an annual basis, whereas in the lowland areas, the 
options decrease. In addition, flooding, sea level rises, 
changes in rainfall patterns and soil erosion will affect 
the availability of arable land, thus reacting adversely 
on cropping patterns.

As water becomes more and more scarce, there will 
be a greater need for innovative methods to produce 
water-intensive crops such as rice. Aerobic rice, which 
is grown on land that is less dependent on water, like 
wheat and maize, could be increased. This variety of 
rice, which is being grown in the northern areas of 
China, uses 50-70% less irrigation than lowland rice. 
However, given that aerobic rice constitutes only 0.6% 
or 190000 hectares of China’s total rice-cultivated area, 
this option needs to be pushed for implementation 
both, across the country and in the other Himalayan 
sub-regional countries of India and Bangladesh. 

Rice production in the Jharkhand state of India is 
considered to be drought-tolerant. The ‘Sabhagi dhan’ 
variety of rice is currently being tested, with indications 
that it can survive even for 12 days without rain. India’s 
rain-deficient land of nearly 6 million hectares stands 
to benefit through the development of such a variety 
of rice. Drought-resistant maize is also expected to 
be commercialized in India by 2010, which like the 
Sabhagi Dhan rice could help minimise the agricultural 
sectors’ dependence on monsoons.   

Adaptation measures have their limits. Mitigation 
strategies will be also important in the future. Given 
that the Himalayan sub-region relies heavily on the 
monsoons, there is a high possibility that agricultural 
production in these countries will be affected with rains 
becoming more and more unreliable. As the Himalayan 
river basins face increasing water scarcity, the foodgrain 
production of major cereals like rice, wheat and maize 

will be greatly affected. As climate patterns change in 
South Asia, the need for reassessing food production 
will increase. The issue of food security and its impact 
on national economies is important, and highlights 
the need to develop mitigation strategies to protect 
against any future social or economic disasters. 

Nepal’s question of food security assumes greater 
significance as it already receives significant food aid 
from Japan, France and the United Nations World 
Food Programme. The river basins of the Yangtze and 
the Ganges play an important part in the total grain 
production of China and India respectively. What 
this means is that the impact of water scarcity on 
agricultural output in these regions could prove to be 
catastrophic in terms of the sheer number of people 
they support. By 2025, the Ganges River basin will 
contribute almost 50% of the country’s total produce. 
However, population projections at 684 million in 2025 
and 868 million in 2050 – will translate into the fact 
that the agricultural production will be insufficient to 
meet the growing demand. 

Changes in weather patterns and erratic monsoons will 
most likely increase water scarcity in the dry months. 
Scientists from India have predicted that changing 
weather patterns and global warming will reduce crop 
yields by 30%-50% by 2050. In addition, studies by the 
Indian Institute of Tropical Meteorology (IITM) state 
that over the next 50 years, India’s monsoon pattern 
will also change, reducing the number of rainy days 
in a year by 8%-10% and increasing the intensity of 
rainfall. This will, in turn culminate into visible changes 
in the national economy and environment after 2050. 
It is important to note that the heavier, more intense 
rainfall predicted for India, the more harm it can cause 
to crop production. Furthermore, scientists predict 
that 2009’s El Nino effect could become a regular 
occurrence in the future. If this were to happen, it 
would pose several more challenges and hurdles as 
it would make a large part of the arable land in this 
region susceptible to drought. As a result, future 
food stocks will be jeopardized and food prices will 
increase. Failing monsoons will also raise the demand 
for irrigation, leading to a greater consumption of 
and demand for electricity. Soil erosion and flooding 
that damage both, crop and land will eventually 
force the people dependent on the fertile soils of the 
Brahmaputra basin to migrate.
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China        Nepal        India        Bangladesh        Rest of the World

Contribution of China, Nepal, India and Bangladesh to Food Grain Production (2007) (in million tons)

Source: FAOSTAT. FAO

Agricultural production in China could decrease by 
5%-10% by 2030 – with crops such as wheat, rice and 
maize being the worst hit. After 2050, climate change is 
likely to result in a drop in the production of rice, maize 
and wheat by approximately 37%. China’s agricultural 
output will be affected over the next 20-50 years, 
though the extent to which food security is threatened 
will largely depend on how well the country adapts to 
the changing climatic scenario.

Nepal agricultural output is complicated by the 
‘too much, too little water’ scenario. The country is 
heavily dependent on food aid, with the World Food 
Programme estimating that 3.4 of the country’s 28 
million people are food insecure – a problem worsened 
due to the rise in food prices in 2007-2008 and by the 
persistent droughts.  The challenge confronting Nepal 
will eventually lead to more people migrating away 
from the rural areas. This could result in a possible 
drop in agricultural production over a period of time. 

Considering the impact of various natural and human 
factors on food production, it is clear from the earlier 
discussion that crop yield will drop by 30-50% in the 
case of all the four countries by the middle of the 
century, particularly China and India which happen to 
be the two most populous countries in the world. It 
is expected that during the same period, demand for 
food grains will increase by at least 20% in the four 
countries. Thus, they will face a paradox of rising 

demand and falling supply. The net result will be 
massive deficit of food grains, anywhere in the range 
of 200-300 million tonnes per year of rice and wheat. 

If Bangladesh, China, India and Nepal enter the world 
market as net buyers of rice and wheat, they will 
push the prices of these commodities to the sky. As 
a result, the poor in not only these four countries but 
also elsewhere in the world will be affected. This is 
assuming that crop yield remains the same as today. If 
there are technological breakthroughs, which enhance 
the crop yield but significant development of varieties 
of rice and wheat which require much less water 
than what can be imagined today, there will be some 
relief. The real impact of these crises will be felt in the 
second half of the century. However, we will see some 
indications already from 2020 onwards. India will also 
need to increase its own food production to 300 million 
tons by 2020 in order to feed its increasing population. 
Soil erosion, changes in monsoon patterns and climate 
change will make these efforts very difficult. 

There is a strong need for mitigation and adaptation 
strategies vis-à-vis food security in order to safeguard 
agricultural production in the Himalayan river-fed 
basins. The looming water scarcity issues threaten to 
derail not only agricultural productivity, but will have 
an impact on a range of other environmental and 
human factors. Also, given the sheer population of 
the sub-region, a drop in food output will affect global 
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food prices too. 

Over the next 30-40 years, food security in India and 
China will be greatly undermined as the issues of 
water scarcity, erratic monsoons, rise in temperatures 
and loss of arable land become more apparent and 
urgent. Nepal, which has no water scarcity issues, 
but is dependent to a large extent on monsoons 
for its agriculture, will have to survive unreliable 
annual agricultural production, unless the country 
rethinks developmental strategies for its irrigation 
infrastructure. Rising sea levels and extreme weather 
events will affect agricultural production in Bangla
desh, apart from groundwater becoming increasingly 
contaminated by arsenic poisoning.  The extent to 
which the repercussions are felt by the nearly 1.3 
billion people living in the basins, will depend on 
how well the governments of China, Nepal, India and 
Bangladesh deal with the impending crisis. 
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Conditions that affect the quality of water in the Himalayan sub-region such as pollution, flooding, droughts, and 
extreme weather events pose a threat to human health. As China, Nepal, India and Bangladesh are located in the 
sub-tropical region they already face high risk from vector-borne diseases like malaria, dengue and encephalitis. The 
changing weather patterns and rise in temperatures along with frequent flooding and extreme weather events will 
only increase this threat. Water-borne and infectious diseases like cholera, dysentery, trachoma and typhoid will 
spread like epidemics as the region heats up and falls prey to increased water-logging after floods and cyclones. As 
most of these countries lack a proper public health infrastructure, the suffering will worsen as it becomes increasingly 
difficult to control the spread of diseases. Inefficient public health systems will only magnify this spread. Since public 
health depends on safe drinking water and sufficient food, a scarcity of water in the future indicates a bleak future 
for this region. 

Despite differing per capita water availability between China, Nepal, India and Bangladesh, none of the countries 
have been able to provide access to clean drinking water to their entire populace. At present, the quality of water 
available to a large segment of the population in this region is not safe for the purposes of drinking or even bathing. 
The region is already rife with water-borne, communicable diseases. Thousands of people die every year as a result 
of these diseases. As the Himalayan sub-region battles issues related to its water resources, infectious water-borne 
as well as vector-borne diseases will become more widely prevalent in the coming years. 

Present Dangers
Water-borne and vector-borne diseases are rampant in the poorest sections of the society, amongst those who do 
not have the ability to pay for clean water. Those who use contaminated water do so out of desperation and lack of 
any other alternative. These are the people who are also the most affected in case of extreme weather events since 
many live in temporary homes. China, Nepal, India and Bangladesh are home to some of the poorest people in the 
world who are at highest risk from vector and water-borne diseases.  

Water-borne diseases in China, India, Nepal and Bangladesh are caused largely due to lack of access to clean water 
and sanitation. With significant sections of the Himalayan river basins lying in the tropical or subtropical region, this 
region is an easy prey to water-borne diseases due to the warm climate and annual monsoons. Hundreds of cases of 
water-borne diseases like cholera are reported here every year, especially in Bangladesh and India.

According to the Epidemiology and Disease Control Division (EDCD), Ministry of Health and Population in Nepal, 
approximately 3000 people died in 2004 due to food and water-borne diseases including cholera, viral gastroenteritis, 
typhoid, Hepatitis A and polio.

Bangladesh experiences an onslaught of epidemic with every flood that hits the country ever year. In fact, there are 



cholera outbreaks twice every year in Bangladesh.

Vector-borne diseases are transmitted to humans by 
insects, and require a warm and humid climate for the 
disease pathogens to survive and multiply. It is not 
therefore unusual for vector-borne diseases such as 
malaria, dengue, and Japanese encephalitis to thrive in 
these countries. Malaria is the most common vector-
borne disease in China, India, Nepal and Bangladesh. 
As temperatures increase and rainfall becomes more 
erratic and intense over fewer days, more parts of 
these countries are fast becoming breeding grounds 
for the disease-causing vector, the mosquito. The 
mosquito is also a vector in the case of dengue, one of 
the fastest spreading vector-borne diseases. 

Despite a highly successful national malaria control 
program launched in China in the 1950s, the country 
still faces a threat from malaria. 19 out of its 31 
provinces and municipalities are considered malaria 
endemic. In 2007, the malaria incidence rate in China 
was 2.0 per 100,000 people.

India is afflicted mainly by 6 vector-borne diseases 
including malaria, chikunguniya, filariasis, Japanese 
encephalitis, and leishmaniasis. Filariasis is endemic in 
19 States and Union Territories in India and there are 
approximately 29 million cases in the country. In 2009, 
the two Indian states of Gujarat and Goa had 104 cases 

of dengue with 2 deaths.

Number of Cases and Deaths due to Vector-Borne 
Diseases in India, 2007

Source: National Vector Borne Disease Control Programme, 
Ministry of Health and Family Welfare, Government of 
India 

In Nepal, malaria was found to be endemic in 65 
districts in 2004; approximately 74% of the total 
population is at risk.

Bangladesh has been severely plagued by diarrhoea, in 
part due to the after-effects of the cyclones that hit it 
frequently. Malaria and dengue are also wide-spread 
in Bangladesh.

Due to the state of the health infrastructure in these 
nations, the number of reported cases and deaths in 
relation to water-borne and vector-borne diseases 
might be understated. With climate change, ecosystems 
will gradually change and hence, the distribution 

Number of Reported Cases related to Cholera, Malaria and Dengue

Source: Global Health Atlas, World Health Organization
* The last available information for Bangladesh on the Global Health Atlas is for 2000. By 2007-08, the number of cases would 
be higher.
Source: DengueNet, World Health Organization
Source: Global Health Atlas, World Health Organization
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of vector species will also change. But most vectors 
cannot survive above 40°C, so areas that will see a rise 
in their temperatures above this level, will actually see 
a decline in the rate of vector-borne diseases.

Number of Cases of Diarrhoea, Malaria and 
Dengue in Bangladesh 

Source: Patwary, OH. “Climate Change and Security”. BIPSS. 
Issue 7, September 2009.

Future Risks
According to IPCC’s Third Assessment Report, there may 
be a 3.8°C rise in global temperature and 7% change in 
global precipitation (both increase and decrease) by the 
year 2080. The report has also predicted that climate 
change is likely to expand the geographical distribution 
of some vector-borne diseases such as malaria and 
dengue to higher altitudes and higher latitudes. Areas 
that will witness increase in precipitation levels along 
with rise in temperatures will also see an increase 
in water-borne diseases. Also, increasing frequency 
of extreme weather events such as cyclones will 
further spread these diseases. China, Nepal, India and 
Bangladesh are witnessing a rapid increase in their 
populations. Hence, the number of people at risk will 
increase significantly as the population rises and public 
health infrastructures will find it increasingly difficult 
to cope with the situation. Climate change is also likely 
to extend transmission seasons in some areas while 
some others might see a decrease in the transmission 
of vector-borne diseases due to reduced rainfall. 

As global warming continues to affect the Himalayan 
sub-region, the distribution of some disease vectors 
is changing. Warmer climates facilitate breeding 
of vectors such as mosquitoes. The World Health 
Organization (WHO) has predicted that countries 
like India (especially in the north of the country) 

will witness an increase in vector and water-borne 
diseases because of global warming. The window of 
transmission for diseases like malaria would increase 
by nearly 3 months. Dengue has been labeled as the 
‘fastest growing’ vector-borne disease worldwide. 
Though earlier restricted largely to Southeast Asia, 
dengue has now started spreading to South Asia, Africa, 
South America and parts of Australia. Bangladesh saw 
its first outbreak of dengue in 2000 while Nepal saw its 
first dengue case in 2004; since then, Nepal has been a 
witness to a steady rise in the number of dengue cases, 
a majority of these were initially found in the Terai 
district, the most densely populated and prosperous 
region of the country, bordering India.

Besides climate change, high level of pollution in 
a river system is bound to have a direct impact on 
the health of the people dependent on it. Increased 
industrialization, urbanization and human demands 
have rendered these rivers increasingly unfit for use. 
However, because of the limited water supply in some 
of these regions, people continue to use the polluted 
rivers for drinking and bathing purposes. This poses a 
huge threat to human health as these waters are carriers 
of disease and infections. The Yangtze River in China 
with its excessive pollution has become poisonous, 
putting the lives of a large number of people that live 
in its basin at risk. Intestinal infectious diseases like 
Hepatitis A and dysentery rates in certain areas of the 
Yangtze basin are 50% higher than elsewhere in China. 
E. Coli bacteria which causes gastroenteritis, urinary 
tract infections and neo-natal meningitis, is rampant in 
such water sources, and at some places in the Yangtze, 
is as high as 15,000 E. Coli/L. 

Many of the Himalayan Rivers have turned poisonous 
due to chemical spills, toxic wastes and heavy metal 
poisoning by many industries.  In certain cases, 
pollution levels are so high that they have caused birth 
defects and various kinds of cancers. The Yellow River 
serves as an example where there has been a sharp 
rise in cases of cancer, birth defects and water-borne 
diseases due to the rampant pollution in the waters 
– so much so, that the Yellow River Delta is known to 
have ‘cancer villages’. 

As discussed earlier, water pollution is one of the 
biggest issues facing the Ganges and the Yamuna 
rivers. The WHO has described the River Ganges as an 
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‘environmental hazard’ due to its extremely polluted 
water. The faecal coliforms being dumped to the river’s 
waters due to the daily discharge of large amounts of 
untreated sewage make it hazardous for drinking and 
other purposes, especially due to the huge population 
that the river supports. The waters of the Yamuna 
River, once it leaves New Delhi, can only be described 
as toxic. The state of these two rivers, that are the life-
line to the millions that depend on them, is expected 
to only worsen with time and the increasing water 
scarcity over the next 30-40 years.

As the water becomes scarce, there is also an increasing 
likelihood of the water supply being contaminated 
by pollutants. Depleting groundwater levels allow 
pollutants to intrude and contaminate the existing 
water levels. In Bangladesh, apart from the industrial 
and human pollution, the Ganges river basin too faces 
the problem of arsenic contamination.

Arsenic contamination of water is also a major health 
hazard in China, India, and Nepal. Prolonged exposure 
to arsenic leads to dark or white pigmentation, gradual 
hardening of palms and soles and also increases the 
risk of skin, lung and bladder cancer. As mentioned 
earlier, arsenic has entered the food chain due to 
irrigation with contaminated water. Due to arsenic 
contamination of water sources in Bangladesh, Nepal 
and some parts in India, and due to arsenic entering 
the food chain in Bangladesh, the health of a large 
section of the population in this region is and will be 
severely threatened, though the actual impact may 
not be evident for years.

The figures for people exposed to arsenic contamination 
in each country are only estimates. These may not be 
exact figures due to lack of readily available reliable 
data. Approximately 76 to 81 million people have been 
exposed to arsenic contamination in China, Nepal, 
India and Bangladesh. 

As the population increases, the risk of serious effects 
of arsenic poisoning is bound to increase unless proper 
remedial measures are taken. The majority of the 
population living in these regions lacks the resources 
necessary to buy clean drinking water, so the people 
are forced to use whatever water is available to them. 
As water becomes scarce, more and more people will 
be forced to rely on the groundwater in these regions 

that is contaminated with arsenic thereby, increasing 
the spread of arsenic poisoning.

People Exposed to Arsenic Contamination

*Source: Van Halem, D; Bakker, SA; Amy, GL; & Van Dijk, JC. 
“Arsenic in drinking water: not just a problem for Bangladesh”. 
Drinking Water Engineering and Science Discussions. 2009. 
<http://www.drink-water-eng-sci-discuss.net/2/51/2009/
dwesd-2-51-2009-print.pdf>
#Arsenic contamination has been found in the groundwater 
of the 20 districts in the Terai region in Nepal. The population 
of this region is 11 million. 90% of them depend on 
groundwater for their needs. This means about 9.9 million 
have been exposed to arsenic contamination.

As polluted water supplies affect the health of more 
and more people today, changing rainfall patterns 
are also expected to affect human health in the 
near future. Given that changing rainfall patterns 
affect the water supply, there is an increased risk of 
water-borne diseases like diarrhoea, cholera, skin 
and eye infections. Fewer days of intense rainfall will 
result in frequent water-logging. With temperatures 
rising, this water-logging will aid in the spread of 
water-borne as well as vector-borne diseases. In the 
future, as these trends become more entrenched, the 
population in the Himalayan sub-region will gradually 
get exposed to higher risk from such water-borne 
diseases. Governments in this region are aware of 
this impending disaster. According to the Bangladesh 
Ministry of Environment and Forests, a combination of 
higher temperatures and potential increase in summer 
precipitation may cause the spread of many infectious 
diseases in the country. 

China                 Nepal               India               Bangladesh
1.5 million       10 million        40 million       25-30 million
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As changing patterns of precipitation, in tandem with 
the rising temperatures have an impact on agricultural 
production and food security, the nutritional levels of 
the population get affected. The resulting malnutrition 
in turn, will make people more prone to water-borne 
and infectious diseases. 

With frequency and intensity of extreme weather 
events like floods, cyclones and tidal surges increasing 
in the region, more and more lives, property, crops are 
being threatened. Bangladesh is the most vulnerable 
in this region to extreme weather events. In 2009, the 
tropical cyclone Aila that hit the Bay of Bengal killed 
around 300 people in Bangladesh in the month of May 
alone. After such extreme natural disasters, there is an 
increase in the spread of water-borne as well as vector-
borne diseases. After Aila, the flooding in Bangladesh 
contaminated both, potable water supplies as well 
as freshwater ponds that supplied people with fish. 
Water sources were highly polluted with sewage and 
dead animals. As a result, the threat of waterborne 
epidemics was high in parts of Bangladesh that were 
hit by Aila, especially cholera which is endemic to the 
region. An outbreak of diarrhoea which spread across 
Bangladesh’s south-west left more than 5000 sick and 
another 3000 suffering from waterborne diseases like 
dysentery. Within three months of the cyclone Aila, 
India had reported 100,000 diarrhoea cases resulting 
in 31 deaths.

Large-scale water-logging after intense floods carry 
the imminent possibility of an epidemic. Relief camps 
are extremely vulnerable due to unclean conditions 
and dearth of safe drinking water. Flooding and water 
logging may also give rise to vector-borne diseases like 
malaria, as was witnessed after the Kosi River floods in 
2008 that affected millions in Nepal and India. With its 
teeming population, this region too could fall prey to 
epidemics that threaten the lives of millions.

Inadequate Water Supply 
Water shortages have an enormously devastating 
impact on human health, including malnutrition, 
pathogen or chemical loading, infectious diseases from 
water contamination, and uncontrolled water reuse. 
With the water supply slowly becoming inadequate to 

meet the growing demand for water, the availability of 
safe drinking water will decrease. Lack of safe drinking 
water could result in people using whatever water is 
available to them, including water tainted with sewage 
and agricultural runoff or even, contaminated water. 
People living in rural areas and urban slums will be 
more vulnerable to disease and infections since they 
do not have access to piped water and cannot afford to 
buy clean water. According to World Bank estimates, 
21% of communicable diseases in India are related 
to unsafe drinking water. In Bangladesh, diarrhoeal 
diseases kill over 100,000 children each year. Growing 
water scarcity also means that more and more people 
are unable to wash themselves or their clothes, leading 
to spread of diseases like trachoma. The countries in the 
Himalayan sub-region are already struggling to make 
safe drinking water available to all of their population; 
with growing water scarcity, this will become an uphill 
task. As water stress grows, food will become more 
expensive and increasingly unattainable to a larger 
percentage of people, resulting in malnutrition or 
starvation.

By 2040-2050, when India and China will be water-
stressed and the region as a whole will be facing 
more frequent extreme weather events like flooding 
and cyclones, infectious diseases will become more 
widespread and rampant than today. With the 
precipitation patterns changing and temperatures 
rising, vector-borne diseases will spread northwards 
affecting higher altitudes in the Himalayan sub-region. 
Water shortages will lead to more cases of malnutrition, 
as well as diseases like cancer. Failure to establish 
efficient public health infrastructure and limited  
access to clean drinking water could complicate the 
situation in all of the Himalayan river-fed countries. 

Health Security
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As the threat of water scarcity looms large over the Himalayan sub-region, China, Nepal, India and Bangladesh are 
being pushed towards safeguarding their interests. The impending water scarcity will surely have repercussions 
on food, health, social and economic security of each of the four countries. Policymakers in these countries are 
developing infrastructure schemes to alleviate the present as well as impending water shortage. Water shortage 
will be accompanied by many related problems like having to use contaminated water, spread of disease and 
infections and death due to water shortage. Therefore, the temptation to build infrastructure projects guaranteeing 
water supply to the population is extremely high. Potential ramifications of such projects, whether environmental, 
political or social, are very often missed out. As a result, numerous infrastructure projects in this region have 
been constructed or are in the planning stages that have not taken into account their impact on future of water, 
agriculture, and population. If and when completed, some of these projects may have more negative consequences 
than imagined presently.

Building dams is often regarded as the quickest way to secure and harness available water resources. Power 
generated from these hydropower projects is a clean and renewable energy source that does not contribute towards 
emissions. That makes it a highly lucrative form of energy as well. However, there is no comprehensive and up-to-
date database on both dams planned or under construction.

Out of the four countries, China has been the most prolific dam builder. China has historically built several large 
dams in a bid to harness hydropower – with the country having a total of 26,000 dams (large and small) at present 
and hundreds more in the proposal stages.

Dams on Himalayan Rivers

Total Number of Dams Number of large Dams (+150m) Number of large Dams Planned

Sources: Water Resources eAtlas, World Resources Institute, 2003.
Source: “Rivers at Risk Dams and the future of freshwater ecosystems”. World Wildlife Fund. 2003.
* This report defines ‘large dams’ as being higher than 60 meters and generating more than 100 MW of power.
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Dams on the Yellow River:

Sanmen Gorge hydroelectric power station (1960)1.	
Sanshenggong hydroelectric power station (1966)2.	
Qingtong Gorge hydroelectric power station 3.	
(1968) 
Liujiaxia (Liujia Gorge) hydroelectric power station 4.	
(1974) 
Yanguoxia (Yanguo Gorge) hydroelectric power 5.	
station (1975) 
Tianqiao hydroelectric power station (1977)6.	
Bapanxia (Bapan Gorge) hydroelectric power 7.	
station (1980) 
Longyang Gorge hydroelectric power station 8.	
(1992) 
Da Gorge hydroelectric power station (1998)9.	
Li Gorge hydroelectric power station (1999)10.	
Wanjiazhai hydroelectric power station (1999)11.	
Xiaolangdi hydroelectric power station (2001) 12.	

Dams on the Yangtze River:
Three Gorges Dam (2003)* - 22,500 MW1.	
Gezhouba Dam (1988) - 3115 MW2.	

* 2003 is the year the dam first produced electricity. The 
Three Gorges Dam is yet to be fully operational.

In India, there are two major dams on the Ganges River. 
One of them is at Haridwar; built in 1854, this dam 
diverts waters into the Upper Ganges Canal. The other 
at Farakka was built in 1974 to divert waters from the 
Ganges into the Bhagirathi River. The Tehri Dam, built 
on the Bhagirathi River is a tributary of the Ganges. This 
dam started functioning in 2006-07. This is a primary 
dam of the Tehri Hydroelectric Project and is the fifth 
tallest dam in the world at a height of 260 meters. The 
dam has been inundated with controversy right since 
its planning and construction stages in the 1970s. Its 
reservoir completely submerged more than 40 villages 
and the Tehri Town and led to the displacement of 
thousands of people. This dam has power generation 
capacity of 1000 MW. 

The Rihand Hydroelectric Project, on the Rihand River, 
was constructed in 1962. About 91 meters in height, 
this project generates 300 MW of power. The Rihand 
River is a tributary of the Son River which is a tributary 
of the Ganges.

Nepal has enormous hydropower potential, but is 
unable to exploit it to the maximum. This is largely due 
to lack of financial resources and access to technical 
expertise. This is also one reason why Nepal has not 
yet constructed any major dams. Absence of dams in 
Nepal has also worsened the flooding situation. Intense 
monsoons cause floods in Saptakosi River, and these 
travel down to the Gangetic plains in India, wreaking 
havoc on their way. 

In Bangladesh, the topography is not suited to 
construction of large-scale hydropower projects.

Future Dams
With the region facing a threat of water scarcity and 
with increasing emphasis on reduction of emissions to 
combat climate change, hydropower schemes are fast 
developing to meet the growing demand for energy. 
The countries in the Himalayan sub- region, especially 
China and India are planning numerous hydropower 
projects on their rivers in the future. 

Nearly 200 dams have been proposed for the Yangtze 
River and its tributaries. 19 of the proposed dams will 
be constructed on the upper reaches of the Yangtze, 
upstream from the massive Three Gorges Dam. 
The dams under construction on the Jinsha River, a 
tributary of the Yangtze will have a combined capacity 
of 40,000 MW. The construction of this series of dams 
was stalled briefly in 2005 as the project was located 
in a national rare fish reserve. The problem has since 
been resolved.

Xiluodu Dam: Its construction started in 2005 and 1.	
completed in 2007. Its height is 278 meters and its 
capacity is 12,600 MW.
Wudongde Dam: This dam is scheduled to be 2.	
completed in 2020. When finished, its height 
would be 235 meters and its generating capacity 
will be 7400 MW.
Baihetan Dam: This dam is scheduled to be 3.	
completed in 2020. When finished, its height 
would be 277 meters and generating capacity will 
be 14000 MW.
Xiangjiaba Dam: When finished in 2015, its height 4.	
would be 161 meters and its capacity will be 6000 
MW. 

Dams and Diversions



Other dams on the Jinsha River include Guanyinyan 
and Ludila. Dams proposed on the main stream of 
the upper Yangtze include Xiaonanhai, Zhuyangxi and 
Shipeng.

Five dams have also been planned for the middle 
reaches of the Yarlung Tsangpo River, including a hydel 
power generation project at Zangmu, 140 kilometers 
southeast of Lhasa. In addition, there are other dams 
planned on the Salween and the Mekong rivers.

According to reports, the government of India too is 
planning a series of four hydroelectric dams on the 
Ganges-Bhagirathi River between a 125 kilometres 
stretch between Gangotri and Uttarkashi. 

Some projects under planning or construction in the 
Ganges River basin:

Tapovan Vishnugarh hydroelectric project on the 1.	
Dhauliganges River, a tributary of the Ganges, 
with a generating capacity of 520 MW.
Lohari Nagpala Barrage Project on the Bhagirathi 2.	
River, a tributary of the Ganges, with a generating 
capacity of 600 MW.
A run-off river dam at Koteshwar, under construc-3.	
tion, is situated about 22 kilometres downstream 
on the Bhagirathi River from the Tehri Dam. This 
is also a part of the Tehri Hydroelectric Project 
and will produce approximately 400 MW of elec-
tricity when finished.

India has recently set up a panel to study alternatives 
to tap the Brahmaputra to strengthen its claim over 
the river’s tributaries, since there have been reports 
that China plans to divert these tributaries. The options 
before the panel include construction of dams. As per 
the Second International Workshop on Water Security 
in Dhaka (Annexure 2), India has plans of building 140 
hydroelectric plants in Arunachal Pradesh. 104 MoUs 
have already been signed to this effect.

Since Nepal’s own public and private sector resources 
have so far been unable to meet the financial investment 
required to exploit its immense hydropower potential, 
the country has created an investment-friendly 
environment. Hence, many projects are being planned 
to tap into Nepal’s hydropower potential with help 
of technical expertise and financial assistance from 

countries like India and China.

The Pancheswar Hydel Power project on the 1.	
Mahakali River: The 5600 MW project, planned 
through Indo-Nepal cooperation, will be situated 
on the border between Nepal and Uttarakhand 
state of India. India and Nepal have decided to set 
up a Pancheswar Development Authority (PDA) 
for the execution of this project.
Sapta Kosi High Multipurpose Project on the 2.	
Sapta Kosi River: The governments of India and 
Nepal have set up a Joint Project Office in 2004 
for investigations into this project. When finished, 
this dam would be 269 meters high with an in-
stalled capacity of 3300 MW.
Four hydroelectric schemes, Pokhra (1 MW), 3.	
Trisuli (21 MW), Western Gandak (15 MW) and 
Devighat (14.1 MW) have been implemented in 
Nepal with India’s cooperation.
Upper Karnali Project on the Karnali River: When 4.	
completed, it will generate 4180 MW of power.
Karnali Chisapani Multipurpose Hydropower Proj-5.	
ect on the Karnali River: When finished, this 270 
meter dam will generate 10,800 MW of power.
456 MW Upper Tamakoshi Hydroelectric Project: 6.	
Work on this project is expected to start from 
June 2010.

Environmental Impact
Though dams promise a source of clean, stable energy, 
their impact on the environment is not entirely 
positive. Studies show that decomposing matter in 
the reservoirs of large dams produces greenhouse 
gases, especially when the dams are situated in warm, 
humid areas. Construction of large-scale infrastructure 
projects on fragile ecosystems of rivers causes harm to 
the environment.

Destruction of aquatic life 

Construction of large dams leads to destruction of the 
marine life in rivers. The Yangtze River is home to about 
322 species of fish and 169 species of amphibians. The 
river is already fragmented with a number of dams; 
China plans to build around 46 more large dams (over 
60 meters in height) on the river. Hence, the aquatic 
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life in the river, already at severe risk by the functioning 
dams, will be further endangered in such conditions. 
Excessive dam-building on the Yangtze has been the 
primary cause behind the extinction of the river dolphin 
or ‘baiji’ since dams constricted its habitat. Other 
species at risk in the Yangtze River include the Chinese 
alligator and the finless porpoise. The ecosystem of 
the Yangtze has been altered to a level where certain 
rare river species are facing extinction. Building large 
hydropower projects block migration routes for fish 
and endanger fragile spawning grounds. It also alters 
the water temperature and oxygen content as well as 
the speed of the current. For instance, the plans for 
the Xiaonanhai Dam have come under a great deal of 
criticism since this dam will impact the river’s only fish 
reserve that is home to 180 species of fish including 
some endangered varieties. 

The Ganges River dolphin in the Ganges basin is at 
risk due to a high level of river fragmentation caused 
by dams and canals. This species is also found in the 
Brahmaputra basin. With around 25 new dams being 
planned for the Ganges and the Brahmaputra rivers, 
the Ganges River dolphin and other species face a 
growing threat. 

The Yangtze River has also been an important ground 
for fisheries. Excessive damming of the river is causing 
a decline in the population of important commercial 
variety of fish like the Chinese sturgeon, carp and 
paddlefish.

Release of Methane

There is evidence that large hydroelectric projects 
release methane into the atmosphere. The plant 
material that settles at the bottom of the reservoir 
during the flooding stage of construction decomposes 
due to lack of oxygen. This causes a build-up of methane 
which is eventually released into the atmosphere as 
the water passes through dam turbines. The quantity 
of methane released depends on several factors like 
temperature, vegetation, depth of turbine intake, 
altitude, construction procedures and the depth and 
shape of the reservoir. A large-sized dam is bound 
to emit a large quantity of green house gases. Since 
methane is 21 times as powerful as CO2, its impact 
on the fragile ecology of regions like Tibet will have 
serious repercussions.

Loss of flora, fauna and livelihood

During the construction of dams when the course of 
a river is changed, the surrounding areas have to be 
flooded which results in a loss of flora and fauna. Since 
dams reduce the speed at which river water flows, they 
also affect the flood riparian habitats like waterfalls, 
rapids, riverbanks and wetlands that act as feeding 
and breeding grounds for many species of marine life. 
These species contribute greatly towards maintaining 
the ecosystems. Hence, construction of dams does 
have a negative impact on the ecosystem by affecting 
the plants and animals of the area. In addition, older 
dams release water stored at the bottom of their 
reservoirs, which is usually much colder than what the 
aquatic species downstream are adapted to. Naturally, 
the species cannot get acclimatized to this fluctuation 
in their habitat’s temperature and perish.

Building of dams also floods arable land that is the 
source of sustenance for the local population of 
the area. It forces people to leave their homes and 
move to other areas for employment. China has seen 
violent large-scale civil unrest due to its dam-building 
plans. The Tehri Dam in India led to the eviction of 
approximately 100,000 people whose homes and lands 
were submerged for the built. In some cases, the filling 
of the reservoirs of large dams has cut down the water 
flow downstream, making water shortage even more 
acute. There has been criticism that the filling of the 
massive Three Gorges Dam has worsened the drought 
facing the Yangtze River delta downstream.
 
Poor water and land quality

A significant downstream impact of dams is that 
the water quality of the river declines. Since dams 
constrain the natural flow of the river, they impede 
the natural capacity of the river to break down organic 
pollutants in its water. For instance, the bottom layers 
of a dam reservoir are often low in oxygen content. 
These waters with depleted oxygen levels can produce 
toxic hydrogen sulphide gas. Also, such waters, when 
released from dams, have a reduced capacity to 
process waste for up to 100 kilometres downstream. 
Dams are also known to spread waterborne diseases. 
The Three Gorges Dam on the Yangtze River in China 
has been highlighted as an environmental disaster 
waiting to happen. Its reservoir is polluted with human 
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and industrial waste, leaving its water tremendously 
toxic. Several tributaries of the Yangtze that flow into 
the main reservoir are extremely polluted. With the 
dam slowing the flow of the river, the ability of the 
river to flush out pollution in turn, gets impeded.

Since dams slow the movement of water downstream, 
the downstream movement of sediments to deltas 
and estuaries, forests and wetlands is affected. With 
seasonal floods no longer enriching the downstream 
farmlands and forests with natural fertilizers and 
sediments, the fertility of the land deteriorates. 
Hence, productivity of land downstream from the dam 
declines.

Dam-building projects cause displacement of people, 
leading to social instability. Hydropower projects have 
historically uprooted people from their homes and 
forced them to move. The resettlement initiatives and 
compensations given by the governments are hardly 
sufficient to cover the cost of losing one’s home. 
Besides, in the sub region, such benefits often do not 
reach to the affected people due to the corrupt system 
and red tapeism. During the construction of the Three 
Gorges Dam in China, more than a million people were 
displaced. China saw large-scale protests against the 
construction of the dam and the forced displacement 
due to it. In 2004, there were huge protests against 
the building of the Pubugou Dam on the Dadu River, a 
tributary of the Yangtze, in the Hanyuan County of the 
Sichuan Province.

If dams are situated in a seismically active zone, the risk 
of a potential catastrophe in the event of an earthquake 
is extremely high. For instance, the Tehri Dam in India 
is situated in a highly active seismic zone. Although 
it has been designed to withstand earthquakes up to 
7.2 on the Richter scale, an earthquake of a greater 
magnitude leading to a dam burst could potentially 
wipe out several major towns and a population of 
almost 500,000 downstream. Big dams in seismically 
active regions such as the Tibet Plateau fail to take into 
account the magnitude of losses in the event of an 
earthquake or dam burst. 

Lack of Foresight
The Sanmenxia (Sanmen Gorge) Dam on the Yellow 

River in China is an example of a project which has 
lacked political foresight. Built in 1960 with Soviet 
assistance, the 350-foot Sanmenxia Dam was the 
largest hydel project in China at the time. However, 
within 4 years of its opening, the dam lost about 40% 
of its storage capacity due to massive silting. The 
Yellow River carries a large amount of silt. Over the 
years, Sanmenxia has caused several floods upstream 
due to mismanagement of silt. Hence, the building of 
the dam was short-sighted as it did not foresee the 
consequences of such a huge construction project, nor 
did it factor in a very basic characteristic of the river on 
which it was built.

At a height of 331 feet and a reservoir more than 600 
kilometres long, the Three Gorges Dam was built in 
order to generate hydropower and control floods in 
the Yangtze. However, the risk of earthquakes and 
landslides has increased since its construction. This 
shows a clear lack of foresight on the part of politicians 
and decision-makers.

China : Diversion Routes

Large-scale dams under construction or in the planning 
stage often fail to take into account the effects of 
glaciers melting. Once the lean period flows of rivers 
start decreasing as a result of melting glaciers, large-
scale dams will become worthless. The generation of 
hydroelectricity through these dams will decrease due 

Source: Xi Chen, “Precipitation and temperature trend 
analyses in the last five decades for the Southwest China“ 
presentation at Second International Workshop on 
Himalayan River Basins hosted by SFG - BIPSS at Dhaka on 
January 16, 2010
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to low flow of rivers. As a result, the costs, financial, 
social, political and environmental, of building mega 
dams will no longer be justifiable.

As the Himalayan glaciers melt, the future of certain 
glacier-fed rivers is increasingly threatened, with 
some eventually becoming seasonal. If they become 
seasonal in the coming decades, construction of 
massive infrastructure projects on these rivers, that 
cost billions of dollars and thousands of man-hours 
of labour; displace millions of people; and endanger 
fragile ecosystems, will all be of no use. 

Several of the Himalayan sub-regional rivers are 
trans-boundary. The construction of infrastructure 
projects on trans-boundary rivers often threatens 
the water security of the lower riparian nations. 
However, altering water availability through dams and 
diversion projects is easier and thus more tempting in 
the absence of stringent international laws regarding 
the matter and, in the absence of water-sharing 
agreements between countries, such as India and 
China. This trend of infrastructure development on 
water resources will only grow in the next few years 
as governments come under greater pressure to make 
alternate arrangements for ensuring reliable water 
supply to their citizens. However, such short-sighted 
thinking could prove disastrous in the long run.

Speculation about Diversion 
The South-to-North Water Diversion Project in China 
is a controversial large-scale engineering project, 
costing an estimated USD 62.5 billion that aims to 
transfer around 45 BCM water from the south to 
the parched north of China every year. One of the 
3 ‘routes’ of the project aims to divert waters from 
rivers like the Yarlong, the Tongtian and Dadu to the 
upper reaches of the Yellow River. Since this would 
involve building a series of canals and tunnels along 
one edge of the Qinghai-Tibet plateau, this section of 
the project promises to be the costliest, most complex 
and environmentally the riskiest portion of the entire 
project. This diversion of water from Yarlong Tsangpo 
will definitely impact the lower riparian nations India 
and Bangladesh as it will alter the dry season flow of 
the river significantly.

There are reports that China is planning a huge hydel 
dam on the Yarlong Tsangpo, at the ‘Great Bend’, also 
known as the ‘Namcha Barwa’, just before the river 
flows into India. Once completed, this massive dam 
will generate 40,000 MW of electricity. Though the 
Chinese government has denied these reports, there 
is speculation in the media to raise this issue as a cause 
of concern. The Government of India has also said that 
there is no evidence of work having been done on 
the ‘Great Bend’ as of now, although the construction  
a dam of this magnitude in an earthquake-prone 
region on a trans-boundary river would be alarming, 
especially since there are no water-sharing agree-
ments between India and China. This could lead to a 
conflict between India and China, as will be discussed 
later elsewhere in this paper.

China is not alone in the region to consider diversion of 
rivers. There has been much discussion in India about a 
USD 600-800 billion project that had aimed at balancing 
water usage in India by linking the major Indian rivers. 
This project was designed to provide a solution to the 
drying of certain rivers in summer months. There are, 
in all, 30 inter-linking river projects, 14 of which are 
in the Himalayan region. Five links had been identified 
as priority including the Ken-Betwa link, the Parbati-
Kalisindh-Chambal link, the Godavari-Krishna link, the 
Par-Tapi-Narmada link and the DamanGanges-Pinjal 
link. Vociferously opposed by environmentalists as 
well as some politicians, this project still remains on 
paper. In fact, recent reports and statements made 
by senior officials of the Indian government seem to 
indicate that this project may not go through. 

Another Indian project that has attracted controversy 
is located in the Indian state of Manipur in the north-
east. This is the Tipaimukh Dam on the Barak river that 
is expected to generate 1500 MW of electricity once 
ready. It will also serve the purpose of flood control 
for the states of Manipur and Mizoram. Work has 
recently resumed on the controversial dam after being 
stalled in March 2007. The Tipaimukh is scheduled 
to be completed in 2012 and Bangladesh claims that 
the dam will dry the Surma and the Kushiara Rivers, 
rendering the north-eastern regions of the country 
into a dry sandy wasteland. India has reiterated that 
the dam is being constructed only for the purpose of 
generating hydroelectricity and that the project has 
nothing to do with irrigation. Since the Barak-Surma-
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Kushiara is an international river, Bangladesh as a lower 
riparian country may feel the impact of a dam that has 
been built for the purpose of flood control in the wet 
months. In addition, as the dam is being built in the 
earthquake-prone hilly regions of North-East India, it 
would be catastrophic for Bangladesh in case the dam 
bursts in the event of an earthquake. Bangladesh has 
urged India to conduct a joint study on the impact of 
the dam on the region and the future flows of the river 
system. In a summit level meeting between Heads of 
Government of the two countries in January 2010, the 
Indian Prime Minister agreed to address Bangladeshi 
concerns.

Such projects aiming towards water security for these 
nations may, in the long run, create more crises. 

Impulsive building of huge dams and diversion projects 
on rivers, that are shrinking and may eventually dry 
up, is a wasted effort. Issues like sedimentation, silting, 
pollution and the destruction ecosystems need to be 
considered before investing in massive infrastructure 
projects. Since these rivers are mostly trans-boundary, 
such projects, are destined to draw the ire of lower 
riparian nations since their own water security would 
be threatened by lower flows, higher probability of 
flooding in the monsoons, droughts in the dry season, 
and catastrophic results in case of earthquakes. 
Hence, any kind of infrastructure development on the 
Himalayan Rivers will require foresight and a deep 
knowledge of the terrain, as well as a high level of 
cooperation between nations.

The proposed Dam and Diversion project along the ‘Great Bend’ of the Yarlung 
Tsangpo River is an important issue in bilateral relations between India and 
China. While there is still much speculation as to whether the dam is to be 
constructed, the project, at least on paper, appears to be bigger than the Three 
Gorges Dam, and will generate approximately 40,000 MW of power. In addition, 
the dam itself will constitute a half of the project with the other half meant to 
divert approximately 200 BCM of water annually to the Yellow River. 

The Chinese government has denied media reports of the proposal, with 
virtually every facet of the project shrouded in controversy. There has been 
discussion of China using a Peaceful Nuclear Device (PND) to facilitate the 
construction of a diversion canal through the plateau. Meanwhile, a dam of this 
magnitude is likely to threaten the water security of the lower riparian nations, 
India and Bangladesh. In addition, the large reservoir required to store water 
will slow the water flow downstream, especially during the dry season when 
it is most required. Conversely, the storage and diversion of water during the 
wet season could prompt flooding downstream, while also affecting India’s 
hydroelectricity potential. 

The dam’s location in a highly-seismic region is a further point of contention, as 
any structural damage to the dam could potentially submerge vast tracts of land 
in both India and Bangladesh. In the absence of binding water treaties between 
China, India and Bangladesh, the question of equitable access to water resources 
from the Yarlung Tsangpo/Brahmaputra arises – with the lower riparian 
nations likely to protest diminished availability of the resource. Furthermore, 
the biodiversity of the basin area will be threatened, with two UNESCO World 
Heritage sites, the Sunderbans National Park and Kaziranga National Park, 
becoming very vulnerable to changes in the ecological equilibrium, brought 
forward by alterations to the natural flow of the river.    

Great Bend
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11Migration and Social Instability

As the issue of water security and water availability becomes increasingly prominent, China, Nepal, India and 
Bangladesh will be challenged, albeit to varying degrees, by the internal migration of citizens fleeing adverse 
conditions. The receding glaciers that supply water to Nepal, China, India and Bangladesh are the source of life for 
more than 1.3 billion people, or a-fifth of the world’s population. Any variation in water flow, whether an increase 
or a decrease, will definitely have an impact on those living in and around the river basins. In the decades to come, 
growing water scarcity and the changing climate scenario will have an impact on people’s health, their livelihood 
and their social sensibilities. Moreover, the addition of cultural beliefs and ethics, as well as linguistic differences, 
could complicate issues, as people from Asia’s ancient civilizations find themselves having to adjust to new ways of 
living. At a national level, governments could find themselves having to alter long-standing agricultural, economic 
and resources utilization practices in an effort to better prepare for expanding populations and greater demands on 
resources.

A changing environment will also necessitate a shift away from ‘traditional’ security threats in our mapping of human 
security, with the phenomenon of ‘climate refugees’ or ‘environmental migrants’ becoming more prominent. Amidst 
the changing scenario, governments could find themselves having to deal with more number of people displaced 
by climate change and water scarcity in the coming years. As water shortages, flooding, droughts, desertification, 
sea-level rise, and other extreme weather events reduce reserves of food, health and livelihood security while 
simultaneously motivating policymakers to build dams, environmental migrants and water-insecure populations 
from both within a country and beyond a nation’s borders could pose challenges to the future stability of each 
country.       

Migration, as a consequence of water and climate-induced factors has historically been temporary in nature, with 
people ‘escaping’ adverse conditions, only to return home after an improvement in the situation. However, with water 
availability fast becoming less of a guarantee, and climate change worsening with each day, thereby increasing the 
frequency of droughts, floods and sea-level rise amongst others, people will seek to migrate on a more permanent 
basis. Considering that the basins are home to almost 1.3 billion people at present and several more millions by 
2030, there is plenty at stake in the event of depletion of water resources becoming a more prominent feature in 
the regional landscape.

Economic Migrants
The primary driver for migration in all four countries has traditionally been economic and social betterment, with 
people moving from rural to urban centres in China, Nepal, India and Bangladesh in search of monetary gain. 

Limited industrialisation in Nepal has been responsible for voluntary migration in the country. The trend is expected 
to continue as more people migrate to urban centres where there is an increasing presence of industry in the 



country. However, there is also a possibility that the 
government could look towards industrialisation 
projects in the Terai belt as the country’s economy 
continues to grow – eventually forcing people to 
migrate away from the region. While Nepal has 
witnessed economic migration, it has traditionally 
been from the mountain and hill areas towards the 
Terai – a trend which is understandable, given that 
most employment opportunities have been in the 
agricultural Terai region. However, as Nepal’s economy 
grows the country is expected to witness greater 
urbanization, with the UN predicting that 46.3% of the 
population will be living in urban areas by 2050.    

According to estimates by the United Nations, 
approximately 57% of Bangladesh’s population or 125 
million people will reside in urban areas by 2050 – an 
increase of approximately 79 million in a span of 40 
years. In addition, as environmental degradation and 
ecological changes brought about more and more 
by climate change take hold, and the agricultural 
sector fails to develop, there is likely to be large-
scale migration from rural to urban centres of the 
country. While migration as a result of climate or 
weather-induced disasters has been a regular feature 
in Bangladesh, it has been temporary in nature – a 
pattern which is expected to change as more than 35 
million people or 21% of the population lives along 
the vulnerable coastal districts. Cities such as Dhaka 
receive more than 500,000 additional people every 
year, resulting in a direct economic impact on the 
urban development. The forced migration of people as 
a result of water scarcity will undermine growth in the 
urban centres, while disrupting economic development 
and prompting further instability.    

China has witnessed large-scale rural to urban migration 
over the years, with labourers primarily shifting away 
from the more destitute provinces of Sichuan, Anhui, 
Henan and Gansu, towards the coastal areas and 
large urban centres of the country. As with Nepal and 
Bangladesh, the shift has historically been motivated 
by the desire to improve economic conditions, 
although the repercussions of the migratory wave are 
being felt in both the rural and urban centres – with 
dwindling food supplies due to a lack of farmers in the 
former and, increasing poverty, disease and crime in 
the latter. While the Chinese government is trying to 
curb migration, a report in the Heinz Journal estimates 

that between 30 and 40 million additional people will 
move to different parts of the country by 2025.

While migration in China has traditionally occurred 
under the backdrop of economic gain, environmental 
degradation and a lack of vital resources is fast becoming 
a catalyst in people moving out, as sustainable living 
becomes increasingly more difficult. The north of the 
country, home to 44% of the population and having 
58% of the cultivable land, now has just 14% of the 
country’s water resources at its disposal. Thus, arable 
land is rapidly decreasing as a result of desertification, 
while water resources are depleted due to drought and 
high industrial and urban demand. The lack of water 
resources in the region has led to crop failure as high 
as 33% in recent years – a figure which does not bode 
well considering that China relies on the north for 50% 
of its wheat and 33% of its corn supplies. Given the 
circumstances, it is understandable why people are 
migrating towards the coastal regions – a trend that is 
likely to continue into the foreseeable future.

China’s path towards industrialization and urbanization 
has been aided by recent economic reforms, leading 
to more people migrating from rural China towards 
the urban centres. Rural to urban migration has 
increased significantly in China from the 1980s, with 
approximately 8.9 million people migrating in 1989. 
However, by 2000, the Census of China revealed that 
there were 100 million rural migrants. According to 
the National Bureau of Statistics of China, there were 
118, 132 and 140 million rural migrants in urban areas 
in 2004, 2006 and 2008, respectively.  The Census 
of China in 2000 predicted that there would be an 
additional 5 million rural migrants every year from 
2000. This prediction has been more or less borne out 
by the National Bureau of Statistics of China figures. If 
the annual trend of 5 million extra migrants from 2000 
continues, then in 2010, there should 150 million rural-
urban migrants. However, the recent global recession 
has seen over 20 million urban dwellers rendered out 
of jobs leading to a reverse migration of people. It is 
unlikely that this trend will voluntarily continue and, as 
the Chinese economy revives, the focus is expected to 
return to the country’s cities and coastal areas.
    
India will be especially vulnerable to a lack of water 
availability and climate change, owing primarily to the 
high levels of poverty and population density, which 
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are further compounded by the country’s geography. 
High population levels will mean greater demand 
and competition for resources, in a society which 
is already grappling to provide adequate provisions 
to its populace. As has been previously highlighted, 
unpredictable rainfall patterns, retreating glaciers and 
the El Nino effect are a handful of factors which are 
likely to impact the agricultural sector in India and 
push people towards urban centres. 

Desertification and Migration
With the agricultural sector featuring prominently 
in the economic milieu of China, Nepal, India and 
Bangladesh, there is a high probability that as land is 
lost through adverse climatic conditions or becomes 
uncultivable people will be forced to seek alternate 
livelihoods and regions to live, for their survival.

While it is difficult to quantify the impact of 
desertification or deforestation along Nepal’s three 
main rivers, it is apparent that the rapid deforestation 
to create more agricultural and industrial areas has led 
to erosion and increased desertification in the country. 
Degradation of the land, as in the Chitwan Valley, will 
reduce economic opportunities for people – a trend 
which could become increasingly prevalent in the 
future, rendering vast tracts of land unusable and 
forcing people to migrate. While Nepal faces flooding 
every year, the country also has to contend with 
droughts. This has led to more than 74,000 hectares 
of land in 16 districts, including Surkhet and Mustang, 
being impacted by desertification in 2001.

Over the years the impact of droughts in Nepal has 
resulted in crop failure, an outcome which could  
become more regular in the future. This is likely to 
result in large scale migration away from the Terai 
belt towards the mountain and hill areas, as opposed 
to economic migrants of previous years who would 
have moved to the Terai region. While these areas are 
considered Nepal’s urban centres, the migrants are 
likely to be a part of the urban fringe of society – not 
possessing the required skill sets to assimilate into the 
working population. In addition, while the migration 
trend has historically been temporary in nature, 
increasing frequency of droughts has exacerbated 

desertification of the land, thus minimizing the 
likelihood of migrants returning to the Terai belt.   
 
The arable land of China’s Northern Plains is decreasing 
as a result of desertification, meaning that farmers in 
the region will have to contend with falling productivity 
and increasing dearth of resources in the near future. 
The Yellow River basin is faced with a similar problem 
by virtue of the fact that it lies in an arid to semi-
arid area. As a result, desertification along the river 
is further compounded, forcing farmers to migrate 
to the southern regions of the country. Similarly, 
deforestation along the watershed of the Yangtze 
River has left the area prone to desertification, with 
the next 30 years considered a crucial period, as the 
river battles to survive.   

While river bank erosion is expected to lead to land loss 
along the Brahmaputra and Ganges in India, people 
living along the Ganges are unlikely to migrate as a 
result of desertification. While land is lost through this 
process, the loss will be negligible as compared to the 
loss caused by droughts or industrialization. However, 
the largest tributary of the Ganges, the Yamuna, is 
likely to face the problem. With the groundwater table 
in certain areas along the river depleting, there is a 
possibility that agricultural land could be lost as there 
is inadequate water to replenish the ecosystem. In 
such an eventuality, people dependent on the river for 
their livelihood could migrate away from the Yamuna. 
Desertification will not be so much of an issue along 
the Brahmaputra and will not cause migration.  

Erosion and Displacement
Increased short-term runoff in the Ganges and 
Brahmaputra, as a result of increased precipitation 
and glacial melt, is likely to intensify erosion, which 
could affect agricultural productivity as land is lost 
to the river. In addition, erosion along the river could 
pose a threat to homes and force people to migrate 
away from the rivers. The ‘great’ earthquake of 1950 
highlighted the problem of river bank erosion along 
the Brahmaputra, with the river changing its course at 
various points. The enormity of the problem has been 
demonstrated through the continuous ‘shrinking’ of 
Majuli Island. The land mass which had an area of 1250 



square kilometres has been reduced to a total area of 
650 square kilometres since 1950 because of erosion, 
and has led to the displacement of over 30,000 people 
in the last 25 years. With a population of approximately 
160000 the world’s largest populated river island, 
with a rich biodiversity, could soon be extinct as the 
Brahmaputra River slowly claims the land. 

The Indian state of West Bengal is threatened by 
erosion along the Ganges River, which could lead to 
it merging with smaller tributaries, subsequently 
affecting thousands of villagers. Experts believe that 
the Ganges may join course with the Pagla in West 
Bengal, inundating a large area of the district and 
forcing approximately 20,000 people to migrate. 
Meanwhile, as the Ganges River continues to erode 
agricultural land in Jharkhand’s Sahibganj district, 
hundreds of families have become homeless.

Bangladesh’s battle with climate change is frequently 
associated with sea-level rise, a thought-process 
justified when one considers that a rise of 0.5 metres 
over the last 100 years has led to the erosion of 
approximately 65% of the landmass of Bhola, Hatia, 
Kubdia and Sandwip. Research work carried out on 
river bank erosion in Bhola district between July to 
September 2004, revealed that 3332 families had lost 
their houses to river erosion, while 7 schools had been 
destroyed and 14 were under constant risk of being 
eroded. Since 1960, Bhola Island has lost 3000 km of 
land, with estimates suggesting that the island could 
totally disappear by 2050, if the current rate of river 
bank erosion continues. Given the vulnerability of the 
land to erosion, it is understandable that people faced 
with a constant threat will seriously consider migrating 
to safer territory.

In recent decades, erosion and flooding have led to the 
displacement of approximately 12-15 million people 
in Bangladesh, underlying the gravity of the situation 
confronting the low-lying country. In Bangladesh, it 
is estimated that close to a million people lose their 
homes and approximately 10,000 hectares of land 
is lost as a result of river bank erosion each year. In 
addition, people living along the Brahmaputra River are 
frequently displaced as a result of the phenomenon. 
Estimates suggest that between 1982 and 1992, 
730,000 people have been displaced in Bangladesh 
as a result of riverbank erosion. While migration 

patterns show that displaced people initially seek to 
relocate within the same village or area, the long term 
scenario demonstrates an urban shift towards Dhaka 
and Chittagong, as people eventually seek better 
employment opportunities.  

Forced Out by Floods
China, Nepal, India and Bangladesh are all susceptible 
to flooding due to the Himalayan rivers. Nepal is 
confronted by floods on an annual basis, with the local 
population frequently seeking temporary migration to 
other parts of the country as the land is submerged 
and their homes destroyed. In addition, flooding is 
often accompanied by large landslides and a loss of 
agricultural land, thus having a direct and negative 
impact on people’s livelihoods. As the occurrence 
of flooding is expected to increase in frequency and 
magnitude, there is a possibility that migrants will 
seek a permanent relocation to safer grounds, where 
economic and social opportunities are more stable.

The situation in China is similar to that of Nepal, where 
flooding to the south of the country, particularly in the 
Yangtze River basin, is leading to short-term migration. 
However, centuries of deforestation have exacerbated 
the problem, with instances of flooding expected to 
become more prevalent. A report by the OECD states 
that approximately 10 million people are vulnerable to 
flooding along China’s main coastal cities.
   
With approximately 40% of the land around the 
Brahmaputra susceptible to flooding, the region faces 
a constant threat to its natural resources. In addition, 
strong monsoons, the weak geological formations 
of the area, massive deforestation, high population 
growth and being a highly seismic area makes it more 
vulnerable. Furthermore, the high sediment load 
of the river and deforestation along the banks has 
resulted in excessive soil erosion and surface runoff, 
increasing the problem of flash floods. The magnitude 
of flooding in the northeast was reinforced by the 1998 
monsoon season, which submerged approximately 
38,200 square kilometres of land or 48.65% of Assam’s 
geographic area and, affected close to 15 million 
people. Such occurrences are likely to push people 
away from areas susceptible to natural hazards. 



83Migration and Social Instability

Although the 2009 season was characterized by deficit 
rain, a trend which is likely to continue into the future, 
the pre and post monsoon period could be marked by 
increased incidence of rainfall. Given that this is the 
period when temperatures are relatively higher, there 
is likely to be a higher degree of glacial melt, resulting 
in more water flowing downstream. 

The flood plains of the Ganges, Brahmaputra and 
Meghna Rivers in Bangladesh are susceptible to 
flooding, with approximately two-thirds of the 
country vulnerable, considering it is less than 5 metres 
above sea-level. The flat and low-lying topography, 
high population densities and high levels of poverty, 
aggravate the threat posed by floods on human 
security. Bangladesh is often confronted by serious 
and recurring floods, such as those which struck the 
country in 2002, 2003 and 2004. In an average year, 
approximately 25% of the country is submerged, 
while once in every four to five years, 60% of the land 
is under water, resulting in substantial damage to 
infrastructure, property, and life.

The submergence of land as a result of flooding could 
force people to seek permanent migration towards the 
northwest of the country, in an effort to secure their 
homes and livelihood. While migration waves have 
been temporary in nature, the trend could change 
given the yearly risk posed to the land as a result of 

flooding.  

Driven by Drought
Monsoons, while becoming more erratic, are also likely 
to become truncated, with heavier volumes of rainfall 
in shorter periods of time becoming the norm. This is 
likely to intensify the phenomenon of droughts as lesser 
quantities of water are absorbed into groundwater 
aquifers. With lesser water during winters and the dry 
season, those already stressed by the lack of water 
resources will be even more pressurized, perhaps 
forcing them to migrate. 

The case of ‘too much water, too little water’ in 
Nepal is likely to lead to an increase in temporary 
and permanent migrants, as the issue of alternating 
floods and droughts forces people to move to the hill 
region. China’s northern plain faces a problem similar 
to that of the Terai belt in Nepal, where droughts and 
unreliable rainfall are driving long-term migration. 
With approximately 15.3 million hectares of farmland 
(equivalent of 13% of the total area) facing a drought-
like situation every year, the cultivable land is reducing. 
The deteriorating situation is thus forcing farmers to 
migrate to other parts of the country in search of a 
secure livelihood.

Serious floods in Bangladesh Over the Last 26 years

Source: ‘Climate change and Security’. BIPSS. Issue Brief. Issue no.7, September 2009. <http://www.bipss.org.bd>
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The northwest of Bangladesh has a propensity 
for droughts and, as rainfall becomes increasingly 
unpredictable and groundwater levels decline, people 
will be forced to migrate in search of a secure source of 
water. While the government has invested heavily on 
improving the situation through the development of 
irrigation facilities, the impact continues to be felt, as 
climate change increases the frequency of droughts, 
thus offsetting the government’s intervention. 
Ironically, the frequency with which natural hazards hit 
Bangladesh has made the northwest of the country a 
refuge for people seeking to escape the flooding, sea-
level rise and erosion of the coastal districts.

Given that more than 60% of India’s cropped area is 
still reliant on the monsoon rains and that agriculture 
supports 70% of India’s working population, the 
resultant impact of unreliable rains could see farmers 
from the northern agro-belt moving away from the 
Ganges and Yamuna basins. In 2009, the states of 
Bihar and Uttar Pradesh, both of which are fed by the 
Ganges and/or its tributaries recorded rainfall 43% 
below average, meaning that the production of paddy, 
sugarcane, pulses and oilseeds, the crops which make 
up India’s staple diet, were substantially reduced. 
Regular occurrences of such scenarios are likely to 
lead to the rise of environmental migrants, as they 
seek greater economic and social security elsewhere.   

Coastal Refugees
Rising sea-levels is a problem that will certainly impact 
China, India and Bangladesh in the future. Over the 
next 30 years, people living within the delta regions of 
the Yangtze and Yellow Rivers will have to migrate as 
rising waters threaten their homes and livelihood. The 
delta regions that have traditionally been economic 
hubs have attracted migrants from across the country 
– a trend which could soon be reversed. A report by 
the OECD states that approximately 11 million people 
living in China’s coastal areas will be vulnerable to 
global sea-level rise, with vast tracts of the country’s 
coastal land being gradually lost to the seas. In recent 
years, there has been an annual acceleration in the 
rising water by 2.6 mm, highlighting the urgency with 
which the problem must be addressed. Over the next 
30 years, sea-levels will continue to rise by 1-16cm 

and it is estimated that by 2050, water levels will be 
26cm higher. Undoubtedly, the rapid increase in water 
levels will result in massive economic losses. However, 
it is arguably the damage to the ecosystem with the 
destruction of submerged sandbanks and marshes and, 
sea-water intrusion into the groundwater table that is 
likely to have a larger impact. China’s coast is host to 
70% of the country’s large cities, with more than half 
its population residing in the area and, approximately 
60% of the economy dependent on the region. Rising 
water levels will have an adverse impact on the growth 
of the economy and will lead to large-scale migration 
away from the area as human security is threatened.

People vulnerable to Sea Level Rise (million)

*The total coastal population of India and China was 
calculated using total coastal population in the 2000s and 
extrapolated from there using UN Population Division 
statistics for population growth in each country. Here, it is 
assumed that the coastal population will grow at the same 
rate as the national population. 

The potential number of migrants is calculated for China 
using an OECD estimate for the year 2008. Assuming that this 
number grows at the same rate as the national population, 
the figures have been calculated using UN Population 
Division Statistics.

The potential number of migrants is calculated for India using 
a Times of India report estimating those in the Bay of Bengal 
region that could migrate. Assuming that this number grows 
at the same rate as the national population, the figures have 
been calculated using UN Population Division Statistics.  
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Migration as a result of a sea level rise along coastal 
India is likely to be negligible in comparison to other 
‘push’ factors. For the most part, populated areas 
surrounding the Brahmaputra basin within India will not 
be affected by the sea-level rise. While the Sunderbans 
will be affected by increasing salinity, the process 
will constitute a greater threat to the ecology of the 
region rather than to its people. This is not to say that 
rising sea-levels in the area will not lead to migration, 
as research already shows that approximately 7000 
‘environmental refugees’ have fled the Sunderbans. 
However, when compared to other push factors, rising 
sea levels along India’s coastal areas will constitute 
far less of a driver to migration. The issue is more 
pertinent when analysing the Ganges River basin. 
Experts at the National Coastal Zone Management 
Authority (NCZMA) have warned that rising sea levels 
are causing salt water to flow into the Ganges River 
– threatening eco-systems and turning vast tracts of 
cultivable land completely barren. The process could 
eventually salinate groundwater supplies in and  
around Kolkata, while posing a threat to the agri-
cultural land. Increasing salinity and rising waters, 
which are up to 3.14mm/year in the Bay of Bengal, 
could threaten up to 12 million people living in and 
around Kolkata, while denying them of their livelihood 
- leading to the eventual internal-migration of people.

Bangladesh’s battle with rising sea levels is well-
documented, with 12 of the country’s 64 districts 
lined along the coast. The coastal areas of the country 
are home to an estimated 35-40 million people. In 
addition, the population density in the area is more 
than 743 people per square km, meaning that the low-
lying country will face serious consequences owing 
to rising sea levels. The Khulna region that lies to the 
southwest of the country is already experiencing a sea 
level rise of 5.188mm per year, which is expected to 
increase to 85 cm by 2050.  A World Bank study states 
that a 100 cm rise in sea levels within the next 100 
years will inundate 15 to 17% of the country’s land area, 
which equates to 22,135 to 26,562 sq km. Given the 
country’s population density, this is likely to make 20 
million people environmental refugees – an outcome 
which will threaten Bangladesh’s stability and have far-
reaching implications for its neighbour India.  

Between 3% to 6% of Bangladesh’s land could be lost 
to the sea by 2030 and 2050 respectively, giving the 

country the unenviable distinction of being the third 
most vulnerable country to sea level rise in the world. 
Rising waters will endanger the lives of thousands of 
Bangladesh’s people and will also be the reason for 
large-scale migration towards the northwest of the 
country. About 33 million people could be forced off 
their land by 2050, and up to 43 million by 2080, as a 
result of rising sea levels.  It is important to note that 
this figure does not take into account extraneous factors 
such as salinity and erosion, which will become more 
pronounced as sea levels rise and, could eventually 
force between 51-97 million people to leave their 
homes by 2080. 

In addition to the migration of people, the southwest 
of the country is considered an important industrial 
and commercial region, with areas such as Patuakhali, 
Khulna and Barisal all expected to be affected by the 
rising waters. Furthermore, agricultural land in the 
southern districts of Khulna, Satkhira, Bagerhat, Jessore 
and Magura will also be affected by salinity intrusion 
forcing people to permanently migrate further inland.  

Sea level rise will have a negative impact on the 
Sunderbans - a major source of subsistence for almost 
10 million people in Bangladesh. It is estimated that 
a 10cm, 25cm and 45cm rise in waters will inundate 
15%, 40% and 75% of the Sunderbans respectively. In 
addition, a rise in sea-level by a meter will inundate the 
entire mangrove forest of the Sunderbans. Increased 
salinity will have an adverse impact on the ecological 
system of the area. The loss of ecological areas such 
as the Sunderbans will have a drastic impact on future 
generations, as the loss of unique systems cannot be 
quantified in monetary terms.  

Apart from the threat of flooding, sea level rise, 
loss of land through erosion, industrialization and 
dam-building, climate change is likely to increase 
the frequency of extreme weather events or natural 
hazards, which could also lead to temporary and 
eventual long-term migration of people. The increased 
incidence of typhoons to the south and southeast of 
China is likely to lead to temporary migration of people, 
while the possibility of intensified storm surges in the 
deltas of the Yangtze and Yellow due to sea-level rise, 
is likely to result in people leaving the area. Strong 
typhoons in August 2009 prompted the government 
to evacuate thousands of people along the eastern 
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coast – a practice which could become more frequent 
as extreme weather events occur more often.  

Bangladesh receives approximately 1% of the worlds’ 
cyclonic storms every year, the frequency and intensity 
of which is likely to increase in the future due to climate 
change.  In addition, rising sea levels will make inland 
areas more vulnerable to extreme weather, with a 
sea level rise of 32cm coupled with a tropical cyclone 
of similar intensity as that which occurred in 1991, 
estimated to increase the area of land vulnerable 
to flooding from 42% to 51.2%.  Such eventualities 
will lead to migration and will also compound the 
problems faced by Bangladesh. In addition, the 
country’s propensity to be hit by extreme weather 
events is highlighted by the fact that Bangladesh faces 
a severe tropical cyclone at least once every three 
years. Given that natural disasters tend to accompany 
periods of drought or the monsoons, the impact on the 
population and economy is often more pronounced. 

The migration of people as a consequence of weather 
events and ecological threats is bound to challenge 
the social fabric of society. As ‘outsiders’ perhaps 
of a different religion, caste, ethnicity or linguistic 
background resettle in other parts of the country, 
there is the possibility that animosity towards the new 
migrants could increase. However, while the internal 
migration of environmental refugees will undoubtedly 
be a challenge to countries, its impact on regional 
stability is arguably limited, as it remains within the 
confines of a country’s borders. The litmus test for 
the region comes by way of cross-border migration, 
as water scarcity drives people to seek refuge in other 
countries. Unless properly managed international 
environmental refugees could heighten tensions in 
the Himalayan sub-region and increase the risk of geo-
political conflict.

Displaced by Dams
China’s history of displacement as a result of its 70,000 
dam projects is well-documented, – the most famous 
of which is the Three Gorges Dam, that has seen the 
displacement of over 1.17 million people thus far, and 
could lead to the relocation of as many as 5.3 million by 
2020. Beijing has considered the construction of dams 

as an integral aspect to its development ambitions. 
However, as with other large-scale infrastructure 
projects, the loss of land for developmental purposes 
has often resulted in the displacement of people – a 
trend which is expected to continue along the upper 
reaches of the Yangtze and Yellow Rivers.

The northeast of India is considered to have enormous 
potential to generate power through hydro-plants. The 
Government of India has initiated plans to construct 
dams along the Brahmaputra and its tributaries in an 
effort to harness the potential of hydro- power. There is 
a possibility that people could be forced to migrate as a 
result of these developments, although given that the 
population density in the northeast is comparatively 
less than other parts of the country and, that most 
people live near urban centres, the number of people 
forced to migrate will be relatively few. However, it 
is important to note that while people might not be 
forced to migrate as a direct consequence of dam 
construction, there still is a possibility that such man-
made structures could exacerbate the risk of flooding, 
which would, in turn, lead to people migrating.  

Unlike its Himalayan river-fed neighbours, Bangladesh’s 
flat topography limits the country’s hydro-electricity 
potential, meaning that the displacement of people as 
a result of the construction of dams within the country 
will not occur.  

Social Discord
As thousands of people are displaced as a result of 
deterioration of water and climate-related conditions, 
there is a risk of Himalayan sub-regional countries 
facing manifold threat to their social stability. While 
there is no widely-accepted understanding of what 
social instability is with regard to water security, we 
interpret it to mean that, as changing water flows 
and environment that could lead to the disruption 
of what is considered ‘normal’ life, through events 
such as migration, displacement and competition 
for resources. In addition, it includes the possibility 
of increasing tensions and animosity as a result of 
ethnic and cultural differences which become more 
pronounced as people relocate or migrate away 
from their ‘habitats’ to new surroundings, where 
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Source: Malik Fida A. Khan, “Ideas for Cooperation in Data Sharing & Scientific Exchange“ presentation at Second International 
Workshop on Himalayan River Basins hosted by SFG - BIPSS at Dhaka on January 16, 2010
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they are likely to be viewed as an ‘outsider’ or a 
minority. Furthermore, while social instability could be 
considered as a disruptive phenomenon, it does not 
necessarily lead to conflict. 

The case of ‘too much water, too little water’ in 
Nepal is likely to lead to an increase in temporary and 
permanent migrants, as the issue of alternating floods 
and droughts forces people to move to the hill region. 
Initial resentment of the circumstances is likely to be 
directed towards the government, with people holding 
the authorities responsible for a lack of employment 
opportunities in their new surroundings. However, 
given the hill regions’ situation of scarce groundwater, 
there is likely to be a growing sense of resentment 
towards the migrants, especially if the migrants are 

perceived to be infringing on the resources of the 
locals. The hill region is likely to feel the impact of poor 
monsoons and droughts and will have lesser water and 
fertile land than the Terai plains – leading to a struggle 
for meagre resources and increasing the likelihood of 
conflict.

The forced internal migration of people in Nepal 
as a consequence of water scarcity could fuel anti-
government sentiment in the country – strengthening 
the resolve of the Maoists and posing a direct challenge 
to the democratic government. Though the Maoists 
are currently a part of the political mainstream, 
social instability fuelled by protests and resentment 
could provide them with a greater impetus to stake a 
majority control of the country.



The Chinese government has acknowledged that 
increased water scarcity and the subsequent migration 
or displacement of people could potentially ignite 
instability in the country. A report by the Ministry 
of Water Resources stated that between 1990 and 
2002, more than 120,000 water-related conflicts were 
reported in the country, several of which resulted in 
violence. Despite China’s impressive economic growth 
and social development, there still remains tremendous 
disparity between the predominantly urban eastern 
seaboard and the rural western interiors. The west of 
the country is home to an estimated 90% of China’s 
poor, all of whom are in competition for the scarce 
water resources. In addition, the west has the highest 
proportion of ethnic minorities, including an estimated 
20 million Muslims. The social fabric of the region, 
which has already witnessed several instances of ethnic 
tension, has been further tested by the government’s 
policy of re-settling Han Chinese in an area where 
there is growing resentment towards outsiders, who 

locals believe to be taking their jobs. The influx of Han 
Chinese has also put a strain on water resources in the 
west, with a deteriorating situation likely to exacerbate 
minority discontent.

Crop failure in China in the past has led to social 
instability, with The Straits Times reporting ‘countless 
skirmishes’ in 2000 over water resources. In addition, 
Jilin province and Shenzhen have both witnessed 
clashes between migrants and locals or, migrants and 
government officials over depleting water and food 
resources – instances of which could become more 
prevalent in the future.

The potential for social instability in China is further 
complicated by the rural-urban divide, with the poten-
tial for class division and indifference likely to grow 
as the northeast, which is mainly comprised of Han 
Chinese, faces a critical water shortage. The northeast 
of the country is also the primary grain-producing  

Salinity intrusion is a serious problem confronting China, Nepal, India and 
Bangladesh. And its seriousness increases with climate change and sea level 
rises in the deltaic countries. Currently, 31 districts of Bangladesh face severe 
salinity problems, with saline water flowing up to 240km inland during the 
dry season.

Rising sea level increases salinity in surface water resources, groundwater 
and the soil. As a result, the agricultural sector, which Bangladesh is 
heavily dependent on, is expected to face a significant drop in food-grain 
production.

Salinity also poses several other challenges: 

Reduction in cultivable land impacting food security||

Unsafe drinking water||

Decrease in agricultural output||

Rise of socio-economic problems, particularly for women ||

Loss of biodiversity.||

Salinity in Bangladesh
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region and is heavily dependent on irrigation. 
However, the growth of urban centres has increased 
the demand for water, forcing the government to re-
allocate resources away from the rural areas. With 
the livelihood of rural dwellers threatened as a result 
of the diversion of water as well as the government’s 
inability to rectify the situation, there is a possibility of 
clashes between both sides of the economic divide.

Environmental degradation in China led to the 
displacement of between 20-30 million people in the 
1990s, a figure which experts believe will jump to 
between 30-40 million by 2025. With migrants already 
constituting as much as 20% of the total population of 
several Chinese cities, an influx of more people could 
place a considerable stress on scarce resources. While 
China’s coastal cities have managed to absorb the 
high numbers of migrants thus far, there are signs that 
the threshold is fast approaching. In conjunction, the 
threat posed to the coastal cities by rising sea levels 
will eventually lead to reverse migration towards 
the central and western parts of the country within 
the next 30-40 years, to areas where water security 
is already a major cause for concern. The reversal 
of trend is likely to create a new avenue for conflict 
as areas from where people once fled are now the 
recipients of migrants.

While most migration in Bangladesh is rural to urban, 
10% of the population migrates from rural to rural  
areas on a short-term basis, usually after a natural 
disaster. In the past, such circumstances have led to 
incidents of social instability as returning migrants 
have been left landless either as a result of the natural 
calamity or due to having lost their land deeds in 
the disaster. As the number of people dependent on 
smaller tracts of land increases, there are likely to be 
further clashes in a bid to gain access to the required 
resources. 

In Bangladesh, a major determinant of the potential for 
conflict lies in its ability to balance relations between 
its majority Muslim population and its minority groups 
over scarce resources. A report by the Bangladesh 
Institute of International and Strategic Studies stated 
that climate change could de-stabilize the country’s 
economy – in much the same way that Nepal, China 
and India are threatened. With natural disasters 
expected to increase, the report states that 15% of 

GDP will be directed towards management of such 
catastrophes by 2015. The challenge for Bangladesh 
is apparent, with the government having to balance 
mitigation practices with growth prospects. In 
addition, there will be a need to ensure that as people 
are forced to migrate, the internal stability of the 
country is not compromised in any way. The floods in 
1988 caused great dissatisfaction amongst the people 
and led to a point where they questioned the ability of 
the government to provide for their needs. The anti-
government protests that followed resulted in political 
anarchy for two years, with the end result being the 
toppling of President Hussain Muhammad Ershad’s 
government. With more and more people becoming 
vulnerable to water scarcity and climate change in the 
future, there is a possibility of further political turmoil 
in Bangladesh. 

In India, at a local level, incidents of violence could 
be potentially disastrous in an already-fragmented 
society, which has often faced problems along religious, 
cultural and ethnic lines. Given the sheer number of 
people who are likely to be affected, coupled with 
the fact that poorest segments of the country will 
face the brunt of climate change, it could very well be 
India’s litmus test in social and political governance. 
At a national level, social instability could potentially 
derail India’s impressive growth, with the economy 
not only taking a beating from a possible reduction in 
agricultural productivity but, from a tarnished image 
as an attractive investment destination.   

As the basin population grows, there will be an increase 
in the demand for food and electricity, both of which 
rely on water to sustain production. It is important 
to note that an over-dependence on one resource, 
in this case water, will naturally have a trickle effect 
on the availability of other products and services. As 
June 2009 demonstrated, deficit rainfall in the capital 
city Delhi impacted on the supply of water and power, 
leading to several areas of the city experiencing 
frequent power cuts, some lasting 10-12 hours. As life 
was thrown into disarray, citizens took to the streets, 
with riots breaking out in many places. The protests 
such as those witnessed across parts of New Delhi in 
2009 could set a disruptive precedent people will look 
to vent their frustrations against the government’s 
inability to ensure water, perhaps through violent 
means. It is important to note, that while power cuts 
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in urban centres are arguably manageable, deficit 
rains or drought-like situations are likely to result in 
load shedding in the agricultural northern belt of the 
country – hampering production, reducing food stocks 
over a sustained period of time and, overall impacting 
the national economy to quite an extent. 

In states such as Maharashtra, where the issue of 
migrants has traditionally revolved around jobs, 
a changing environmental scenario could lead to 
ethnic clashes over resources, as competition and/or 
demand surges in relation to a comparatively static, 
if not decreasing supply. Political groups, that have 
often attacked ‘north-Indians’ under the guise of 
protecting the Marathi Manoos, or the ‘sons-of-the-
soil’, could target environmental migrants who are 
perceived as eating into the states resources. Similarly, 
environmental migrants from the affected states could 
move to other ‘prosperous’ parts of the country, 
such as Karnataka, Kerala or Goa, resulting in further 
divisions and ethnic or cultural rivalries. 

Conflict aside, scientists and meteorologists are certain 
that changing weather cycles will have an impact on 
agricultural productivity in the country. The persistence 
of such situations could trigger ‘farmer suicides’, as has 
been occurring in the Western state of Maharashtra, 
Karnataka, Andhra Pradesh, Madhya Pradesh and 
Chattisgarh. Statistics show that more than 182,000 
farmers have committed suicide between 1997 and 
2007 across India. While the primary reason for farmer 
suicides is the inability, or burden of repayment of 
debts, we cannot deny the possibility that farmer 
suicides in the northern belt of the country could arise 
from water scarcity and its diminishing impact on crop 
production.

At the regional level, Nepal’s potential to generate  
hydro-electricity is likely to become a source of 
contention, as the Himalayan nations’ bigger 
neighbours, India and China, look to tap the country’s 
large available resource. Development experts are 
of the opinion that dams on any of the three large 
rivers, as well as the hundreds of smaller rivers, can 
generate substantial revenue for Nepal. There is also 
a possibility that the country could look towards 
dam construction as a means to increase its own  
agricultural and industrial output, while exporting 
surplus power. However, any medium to large-scale 

projects in Nepal, while promising to be monetarily 
beneficial, will result in the permanent displacement  
of thousands of Nepalese people, which could 
potentially trigger social unrest.

In addition, water scarcity coupled with growing 
frustration of the people against the government, could 
trigger the rise of grass-root level social movements 
similar to that of the Naxalites in India. The belief that 
a segment of the population, particularly those living 
in rural areas, is not keeping up with the pace and 
progress of the nation, could result in mass uprisings 
and vigilante behaviour, as people resort to violence in 
a bid to gain access to water resources to sustain their 
livelihood and their daily requirements. Furthermore, 
given the large number of people living in the lower-
income social segments of China, Nepal, India and 
Bangladesh, there is a real possibility of people uprising 
against the state.

As migration and other factors combine to exert 
increasing pressure on the population dynamics of the 
countries of the Himalayan River basins, it is likely that 
these internal pressures could become externalized. 
Apart from the issue of migration, the scarcity of water 
resources could become a principal trigger for a larger 
regional conflict. The threat for geo-political conflict 
over scarce water resources, cross-border migration 
and infrastructure projects is real and looms large over 
the Himalayan sub-region.
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12Geo-Political Risks

A geo-political conflict occurs when there is a clash of interests between nation states. This happens especially when 
countries differ on certain policies in politics, geography, demography and economics usually with respect to foreign 
policy. Geo-political conflicts invariably lead to stressful relations between stakeholders that are expressed through 
diplomatic protests, sanctions, dissolution of agreements, verbal condemnation and third-party intervention. In an 
extreme eventuality, when all efforts to resolve differences fail, a geo-politic conflict could also lead to an armed 
response or war.

As China, Nepal, India and Bangladesh look to secure their individual water resources for the future, the possibility 
of internal grievances and demand for water turning into a geo-political conflict will increase. With each of the 
four countries looking to sustain themselves, if not improve their current economic growth rates, there will be 
increasing pressure on governments to ensure that the competition for water resources does not derail future 
growth projections. In addition, as segments within the population shift along the social and development indices, 
both monetarily and by means of employment, the demand for water and distribution patterns for the resource are 
likely to change. Meanwhile, in an attempt to prevent an internal catastrophe and protect livelihoods, nation states 
and the citizens most at risk could look beyond their borders to secure water resources – which could aggravate the 
possibility of a geo-political conflict within the region by 2050.    

Competition over Nepal 
As the race for regional political supremacy between India and China heats up, there is some risk that relations 
between New Delhi and Beijing deteriorate as both countries look to secure their individual water resources which 
are extremely important requisites for development. The tremendous untapped hydropower potential of Nepal, 
which in 2007 had reached 612 MW or less than one percent of the total 83,000 MW potential, also has not gone 
unnoticed by either of the Himalayan kingdom’s neighbours with both countries vying for their share of Nepal’s 
‘water pie’. As for Nepal, its attempts to urbanize and industrialize its own economy will reflect on its need for 
power. Therefore, surplus of power for export to India and China will be more competitive than it is perceived at 
present. Such competition can produce diplomatic and commercial rivalries, although a conflict over Nepal between 
India and China is rather far-fetched. The main impact of the competition over Nepal’s hydro-power will be in terms 
of deteriorating atmospherics between India and China, which could also exacerbate conflicts in other contexts or 
undermine the potential for cooperation.

In 2009, Beijing increased its annual aid package to Nepal by 50%, taking the total amount to more than US $21 
million. In addition, China has made no pretences of its interest in Nepal’s water sector, pledging an increase in 
hydropower and infrastructure development projects. Not wanting to lose out on Nepal’s potential, India too has 
reiterated its intent to push forward traditionally strong relations with its Himalayan neighbour by undertaking 
most of the private hydropower development projects in the country, either through joint Indo-Nepal ventures 



or, individually. Given that water security is an integral 
aspect to India and China’s development prospects and 
that both countries will be increasingly challenged by 
the impact of human and climate change factors, there 
is a sense of urgency in both New Delhi and Beijing 
to ensure that agricultural, industrial and domestic 
growth is not hampered by a lack of water resources. 

While it is still too early to ascertain the extent to which 
political developments in Nepal will affect India, the 
inclusion of the Maoists into the political mainstream 
will surely not have gone well in New Delhi and will 
be viewed as a political victory in Beijing. Although 
Maoist leader Prachanda resigned as Prime Minister 
in 2009, the fact remains that Nepal’s Maoists won 
the country’s first democratic elections in 2008 and 
are very popular and influential in the country’s rural 
areas. There is no denying that India’s position vis-à-
vis Nepal is strong. However, with a new contender 
in Nepal’s political fold, the possibility of an eastward 
shift in Kathmandu’s stance cannot be ruled out – a 
prospect which could diminish New Delhi’s access to 
vital resources and, which could escalate tensions with 
China. 

Great Bend
Aside from Nepal, a potential driver for conflict 
between India and China is the speculation about 
the highly contentious Chinese proposal to construct 
a 40,000 MW dam along the ‘Great Bend’ in Tibet. 
Despite Beijing’s repeated denials of undertaking the 
project, recent and frequent media speculation in 
India has brought the issue to the forefront of Sino-
Indo relations. The location of the dam in a highly 
seismic region and the fact that the project in its 
entirety (diversion and dam) could have an adverse 
impact on the lower riparian nation of India, has led to 
intense debate and political opposition to the proposal 
within India. The idea of Beijing being able to turn the 
‘taps’ of the Brahmaputra River on and off as per its 
requirements has also triggered an alarm in India, 
where dependence on the perennial waters is vital to 
the existence of more than 33 million people in the basin 
alone and, has the potential to be India’s power house. 
China claims that it has no intentions of constructing 
any such diversions and attributes such speculations 

to views expressed by retired military officials. If at 
all China does go ahead with such a project, India 
may engage in propaganda and diplomatic warfare. 
This will not lead to any confrontation between the 
two countries but may induce India to attract China’s 
rivals such as the United States and Japan into a new 
alignment in Asia. Such developments could lead to 
new polarization and produce a geo-political contest.

A further point of contention with regard to Beijing’s 
alleged plans to construct a dam at the ‘Great Bend’, 
pertain to the potential loss of hydropower in India. 
With the Indian Government looking to construct 140 
hydroelectric power generating stations in north-east,  
there is tremendous risk of losing out on power 
generated from these projects. Given that the 
completion of dam construction in India might 
coincide with the operation of the proposed dam and 
diversion at the Great Bend in roughly 20 years’ time, 
there is a likelihood of India’s dams being rendered 
unusable due to a lack of water flowing downstream. 
This will undoubtedly have a major impact, especially 
in the dry season, the period during which there is the 
highest demand for power. Leaving aside the potential 
monetary loss to India in constructing dams of little 
operational value in the future, the bigger impact 
will be felt in the loss of potentially utilizable power. 
The importance of the resource to the agricultural, 
industrial and domestic sector and, its clear linkages 
to human security, any perceived obstacle to its 
availability could trigger diplomatic and government 
protests.

Cross Border Migration
India’s vast geographical expanse means that the 
country shares several of its borders with other 
countries. One, in particular, has been a gateway 
of sorts for illegal migration into India, with several 
million Bangladeshis currently residing in the country 
(the exact number of Bangladeshi refugees varies from 
one source to another as this is a political issue). The 
Government of India has initiated steps to curtail the 
illegal movement of people by constructing a high-
tech fencing system along the 3360 km border. While 
India’s current focus is on stopping illegal immigration, 
New Delhi is aware that Bangladesh’s vulnerability to 
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sea-level rise and climate change could drive hundreds 
of thousands more across the border, as they search 
for a secure access to water.  

Trans-border climate refugees from Bangladesh pose a 
serious challenge to social stability in India. The sheer 
number of illegal immigrants could multiply as refugees 
seek shelter following potentially catastrophic natural 
disasters in Bangladesh. A study by the Washington-
based National Defence University concluded that 
a ‘destructive’ flood in Bangladesh could result in 
an influx of refugees into India, which could, in turn, 
trigger religious conflict, spread contagious diseases 
and, cause overall damage to the infrastructure. The 
report also states that hundreds of thousands of 
refugees crossing the border could spread terrorism 
within India and, potentially pose a challenge to the 
government. Cleo Paskal of the Royal Institute of 
International Affairs in London, states that migrants 
from Bangladesh could fall prey to radical Islamic 
movements determined to de-stabilize India, adding 
that a large influx of Bangladeshis would further 
increase the risk of terrorist attacks. Subversive 
activities and/or anti-government behaviour could irk 
the host country, in this case India, and have negative 
implications for regional security. Furthermore, it is 
imperative to note that climate-sensitive diseases 
could spread rapidly between Bangladesh and India as 
refugees move across the border.  

Addressing the issue of trans-border climate refugees 
will require the Indian government to adopt a tactful 
and sensitive approach. Turning away refugees, who 
more often than not constitute the poorest of the 
poor, would be a diplomatic and international blunder. 
Yet, allowing an influx of people into the country, each 
of whom require food, water, shelter and perhaps 
eventual integration into society, would not just be a 
logistical nightmare for a developing nation such as 
India but, would entail massive resource allocation, 
further straining supplies. In such a situation, animosity 
towards the ‘outsider’ is likely to grow – challenging 
the government’s authority and leading to potential 
clashes. Moreover, if the government feels that the 
climate refugees are trying to exert pressure on 
authorities or enter into the domestic political process, 
tensions could rise. In such a scenario, the host country 
could look to repatriate refugees, which could, in turn, 
potentially result in a conflict with the sender state. 

Furthermore, a surge in Bangladeshi refugees could 
lead to the ‘ghettoisation’ of various area pockets in 
the north-eastern states, where majority of the illegal 
immigrants currently reside. As has been witnessed 
across the globe, the formation of such clusters often 
leads to racial tensions, as the minority population is 
ostracized for being culturally, physically or linguistically 
different.

In such an eventuality, there is a high probability of 
countries engaging in some sort of a proxy or scaled-
down cross-border skirmish. While a full-scale war is 
unlikely given the international condemnation it would 
invoke and India’s keen desire to be recognized as a 
responsible power, a military confrontation on some 
level cannot be ruled out. Such an outcome will be 
even more likely if the climate refugees are involved 
in nefarious activities and seen to be draining India’s 
resources. In addition, Dhaka’s actions with regard 
to controlling the flow of migrants, while ensuring 
that its citizens do not wage attacks on India will be 
regarded as an influencing factor in determining the 
likelihood of a conflict breaking out between India and 
Bangladesh.  

Besides India’s concerns about Bangladeshi migrants, 
there is also a risk of tension between the two countries 
over India’s plans to build dams that could potentially 
affect river flow to Bangladesh.

It is unlikely that Nepal will be faced with a conflict 
scenario over water resources with any of its  
Himalayan river-fed neighbours. Keeping aside the 
potential for conflict between India and China over 
Nepal’s resources, there is a possibility, albeit fairly 
remote, that New Delhi and Kathmandu could clash 
over the construction of dams on either side of 
the international border, as a result of the internal 
displacement of people. Projects undertaken in Nepal 
could result in the loss of valuable agricultural land, 
as the confluence of the three major Nepalese Rivers 
flowing into India occurs within the Terai plains. 
While all this will increase the possibility of flooding 
downstream and lead to a loss of income for the  
forcibly relocated Nepalese due to the construction of 
dams, the numbers are likely to be too few to warrant 
a conflict. In addition, New Delhi and Kathmandu’s 
historically ‘friendly’ relations further dilute the 
possibility of a conflict, not to mention that the sheer 



size of the Indian economy and its accompanying 
military budget will deter Nepal from taking an 
aggressive stance. Ultimately, any dam construction 
project on either side of the border, where the 
possibility of an adverse impact to the other side exists, 
cannot proceed unless approved by both countries. 

The possibility of a conflict arising amongst the 
Himalayan river-fed countries over water security-
related issues and access to water resources does exist, 
though remote. There is a possibility that China, Nepal, 
India and Bangladesh will engage in diplomatic or legal 
discord instead of resorting to an armed conflict. While 
the analysis presented thus far does make the case 
for several scenarios which could conflagrate, there 
are other outstanding issues between the countries 
which are arguably a greater catalyst to a geo-political 
conflict – border disputes, competition for increasing 
spheres of influence and terrorism amongst others. 
Ultimately, while each country wants to sustain its 
growth and development in the future, any act of 
conflict or adventurism threatens to derail if not 
‘reverse’ the process, while posing a threat to regional 
stability at the same time. The issue is not so much if 
a military conflict will take place. The issue is whether 
water security-related conflicts will deteriorate trust 
and confidence between countries in the region to 
the extent that they induce them to seek alliances 
outside the region and give birth to fresh alignments 
and rivalries in Asia or whether the countries find it 
in their interest to engage in mutual and sub-regional 
cooperation to address their problems. While water 
security essentially poses internal threats, trans-
boundary cooperation is essential to ensure that 
all countries coordinate their policies and actions to 
prevent “beggar thy neighbour’ politics and convert an 
adversity into an opportunity.



Part II : Sub-regional Cooporation
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The trans-boundary nature of the major Himalayan Rivers, as well as the global impact of climate change makes 
international cooperation in this region both necessary and opportune. Increased collaboration between academics, 
scientists, policy-makers, and institutions, across China, Nepal, India and Bangladesh is required to deal with the 
many challenges facing the Himalayan Rivers that flow in these nations. Knowledge sharing is essential in order to 
identify common opportunities and risks of trans-boundary water management and to create fair benefit-sharing 
mechanisms. Another requirement is also consistent, information-based dialogue between nations to build a shared 
understanding in order to achieve solid, cooperative results. Any new efforts should be ideally build on existing 
institutions and initiatives.

GCOS Surface Station Network

Source: Ajaya Dixit, “Sharing and Scientific Cooperation: Reflections” presentation at Second International Workshop on 
Himalayan River Basins hosted by SFG - BIPSS at Dhaka on January 16, 2010
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South Asian Association for Regional 
Cooperation (SAARC)
The South Asian Association for Regional Co-operation 
(SAARC) was established when its Charter was 
formally adopted on December 8, 1985 by the Heads 
of State or Government of Bangladesh, Bhutan, India, 
Maldives, Nepal, Pakistan and Sri Lanka. Afghanistan 
was accorded membership a little later and a dialogue 
partnership was created with a few countries including 
China and the United States. 

SAARC provides a platform for data-sharing and policy 
cooperation by creating a programme focused on the 
Himalayan eco-system just as it has created similar 
integrated programmes of action in other areas. 
However, SAARC platforms do not have an impressive 
track record in the delivery of concrete results due to 
their excessively bureaucratic nature. SAARC has been 
criticized for not achieving its targets; the primary 
reason for this being that the national interests of 
member states have taken precedence over the 
regional priorities. There is no unifying South Asian 
ideology. Moreover, SAARC does not encompass all 
the countries in the Himalayan sub-region. China is 
only a dialogue partner and not a member of SAARC. 
At the same time members such as Sri Lanka and the 
Maldives are irrelevant with regard to discussions on 
Himalayan river –related issues.

India-China Cooperation
Currently, there is no water-sharing treaty between 
India and China over any of the trans-boundary 
rivers they share. Two MoUs (Memorandum of 
Understanding) exist between India and China over 
trans-boundary rivers. The first was signed in 2002 for 
provision of hydrological information on the Yarlong 
Tsangpo/Brahmaputra during the flood season by 
China to India. As per this MoU, China provides 
India with hydrological information regarding water-
level, discharge and rainfall from the three stations - 
Nugesha, Yangcun and Nuxia located on the Yarlong 
Tsangpo from June 1st to October 15th every year. 
This data is supplied by e-mail twice a day and is used 
by the Indian Central Water Commission to forecast 

floods. China provided India with this hydrological 
data free of cost for the period 2002-2008. Post-2008, 
India agreed to pay for it until 2012. 

The other MoU was signed in April 2005 for the 
provision of hydrological information on the Sutlej/ 
Langquin Zangbu in the flood season. The Chinese 
Government has been providing information from the 
Tsada station on the river since the monsoons in 2007. 
India has paid for this information through the years.

Provision of hydrological information between India 
and China is limited to the flood season i.e. the 
monsoon months; there is no data sharing between 
them for the rest of the year. During the Chinese 
President’s visit to India in 2006, there was an agree-
ment to set up an expert-level mechanism to discuss 
cooperation on provision of flood season hydrological 
data, emergency management and other issues linked 
with trans-boundary rivers. The Joint Expert Level 
Mechanism was set up for this purpose. The Indian 
Expert Group is led by the Commissioner, Ministry of 
Water Resources while the Chinese delegation is led 
by International Economic and Technical Cooperation 
and Exchange Centre, Ministry of Water Resources. It 
has also been decided that this mechanism will meet 
once every year, alternating between China and India. 
The first meeting of this mechanism took place in 
September 2007 in Beijing; the second meeting took 
place in April 2008.

Since 2006, India’s Council of Scientific and Industrial 
Research (ICSIR) and China’s National Natural Science 
Foundation have worked together on issues covering 
changing environments, ocean variability, land 
ecosystems, land-ocean interactions, land-atmosphere 
interactions, ocean-atmosphere interactions and 
coupled-modelling. A joint workshop held in 2006 
between the two organizations had experts from India 
and China discussing monsoon-related ocean and land 
issues. Ten additional joint proposals were initiated at 
the conference.

In November 2009, India and China signed an agreement 
that includes conducting joint research on impact of 
global warming on the Himalayan and Tibetan glaciers. 
The agreement covers ‘cooperation in observation 
and monitoring of climate change and undertaking 
mutually cooperative activities and programmes as 



appropriate.’ In addition to joint research, the countries 
will also undertake developmental activities.

China-Bangladesh Cooperation
From 2006, China has been giving ‘real-time’ upstream 
flow data on the Brahmaputra River to Bangladesh to 
help the country forecast floods. 

Any kind of collaborative effort with respect to the 
Himalayan Rivers will have to include all countries 
through which these rivers flow, i.e. China, Nepal, India 
and Bangladesh. For any collaborative mechanism to 
function well, trust between the members is of prime 
importance. Hence, regular meetings and discussions at 
different levels, aimed towards mutual understanding 
would be a necessary element. Cross-border research, 
monitoring and exchange of data are essential for the 
efficient management of a trans-boundary river. There 
is need for more data-sharing between countries on 
rivers like the Yarlong Tsangpo, the Ganges and the 
Kosi.  

During the monsoon months, China shares flow 
data with India and Bangladesh over the Sutlej and 
Brahmaputra rivers twice daily. This data is primarily 
used for flood forecasting. Even this data is not enough 
since at times the countries have less than four hours 
to take action based on this flood data. The frequency 
of data-sharing exercises needs to be increased.

China has been contributing towards the development 
of water resources in Nepal on both governmental 
and non-governmental levels. Joint studies have been 
undertaken by Nepal and China on glaciers and rivers. 
A joint Nepal-China GLOF study expedition to the 
upper reaches of the Arun and the Sun-Kosi region of 
China took place in 1987. This expedition also included 
Canadian advisors. A report on the GLOF situation of 
water catchment areas of Pumko (Arun) and Poiko 
(Bhote – Sunkoshi) was prepared as a result of another 
joint study undertaken by Nepal and China. 

India-Bangladesh Cooperation
The Indo-Bangladesh Treaty on Ganges’ Waters 

was signed on December 12, 1996; it is valid for 30 
years, with a provision for a review of the treaty after 
five years. Neither party has asked for a review yet. 
The treaty deals with the sharing of Ganges waters 
at Farakka during the lean season. This sharing 
of waters is monitored by a Joint Committee that 
comprises members of the Indo-Bangladesh Joint 
River Commission (JRC). This Joint Committee meets 
thrice every year. According to the Indo-Bangladesh 
Treaty on Ganges’ Waters, India has been providing 
Bangladesh with flood data for the Ganges River from 
June 15th to October 15th every year; the flood data 
for the Brahmaputra River from the Pandu, Goalpara 
and Dhubri stations; and the flood data for the Barak 
River from the Silchar station, during the monsoons, 
for the purposes of flood forecasting. India also 
provides Bangladesh with data of the rivers Teesta, 
Manu, Gumti, Jaladhaka and Torsa.

However, Bangladesh is not happy with this treaty 
and has claimed that the country is not receiving the 
quantity of water through the Farakka Barrage that had 
been agreed to in the treaty of 1996. A JRC report has 
claimed that India has short-changed Bangladesh of 
589 m3/second or 0.51 BCM of water between January 
1st and 10th, 2010. In 2009, Bangladeshi members 
from the JRC protested that India was releasing less 
water from the Barrage than agreed upon. Bangladesh 
has also sought Indian cooperation for fair sharing of 
other trans-boundary rivers including the Teesta in 
January 2010.

Bangladesh, in addition, has complaints against India 
over the Tipaimukh project and over the now-stalled 
Indian River Linking project. 

India-Nepal Cooperation
The governments of India and Nepal are involved in 
continuous dialogue at various levels for cooperation 
on issues related to development of water resources. 
The Joint Committee on Water Resources (JCWR) 
chaired by the Water Resources Secretaries of both 
countries is the body that discusses all water-related 
issues between Nepal and India.

The two countries signed a treaty on the Integrated 
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The United Nations Convention of the Law of Non-Navigational Uses of International Water 
Courses was adopted in May 1997. The Convention was designed expressly for the purpose 
of providing countries with a fair mechanism to deal with waters that cross international 
boundaries, at both the surface and groundwater levels. Only 16 governments have ratified the 
Convention, it is due to this reason that it has yet to become enforceable.

Article 3 of the Convention recommends that States that share water courses enter into 
agreements that apply the provisions of the Convention and tailor them to the particular needs 
of the specific water body in question. It also states that pre-existing agreements will remain 
unaffected by the Convention. Besides this, the article also addresses a situation when less 
than all of the States that share an international water course enter into an agreement. In this 
case, the Convention necessitates that the agreement cannot adversely affect the water uses of 
another riparian nation without its consent.

Article 4 of the Convention states that for an agreement to apply to an entire international water 
course, all riparian nations have the right to participate in the negotiation of the agreement and 
become a party to it. Similarly, any riparian state whose utilization of the water course could be 
affected due to the implementation of a particular part of the agreement, that State has the right 
to be consulted in the negotiations relating to the agreement.

Article 5 of the Convention sets forth the idea that all riparian countries must use international 
watercourses in an equitable and sustainable manner. Similarly, all agreements that are entered 
into must look to share and develop watercourses with the view to achieving optimal results for 
all the States involved. 

Article 7 of the Convention emphasizes that in utilizing international watercourses within their 
own territory, States should take all possible measures to ensure that no ‘significant harm’ ensues 
for other riparian states. It also states that if and when such harm is caused, the State that causes 
the harm should take all steps necessary to consult with the other riparian nation to minimize or 
mitigate the issue that has been caused or provide appropriate compensation for the damage. 

According to Article 8, the signatories to the convention with shared watercourses are bound by a 
general obligation to cooperate on the basis of sovereign equality, territorial integrity and mutual 
benefit in order to achieve optimum utilization and protection of a shared watercourse. For this, 
the member states may set up joint mechanisms or commissions to facilitate cooperation and 
enhance sharing experiences.

Article 11 necessitates exchange of information, mutual consultation and negotiations on the 
possible impacts of planned measures on the shared watercourses.

According to Article 12, countries will have to notify other riparian nations of the planned 
development on shared watercourses and its possible adverse impact on them. They will also 
have to provide available technical data including results of environmental impact assessment, so 
that the riparian nations are able to evaluate these impacts thoroughly before the development 
process can proceed.

Article 33 of the Convention deals with the settlement of disputes between parties. In case the 
parties to the dispute cannot reach an agreement through negotiation, they may seek mediation 
either by a third party, settlement by way of arbitration or go to the International Court of Justice. 
If the parties concerned fail to reach an agreement through any of the above means, six months 
from the time of request, the dispute shall be submitted to a Fact Finding Commission, composed 
of one member nominated by each party and a Chairman of a completely different nationality, 
who is chosen by the nominated members. The expenses of this Commission are to be borne 
equally by the concerned parties.

UN Convention on Non-Navigational Uses of International Water 



Development of the Mahakali River/Sarda River in 
February 1996 (known as the Mahakali Treaty). The 
Pancheshwar Multipurpose Project on the Mahakali 
River is the centrepiece of this treaty. India-Nepal 
Joint Group of Experts (JGE) oversees the progress 
of this project. Unfortunately, this treaty has stalled; 
it will be discussed elsewhere in the paper. The other 
multipurpose project on agenda is the Sapta Kosi-Sun 
Kosi Multipurpose Project located in Nepal.

Dialogue between India and Nepal over the issue of 
river basin management resulted in the identification 
of benefits of collaboration beyond water allocation. 
These include hydropower and fishing. As a result, 
India has taken successful initiatives like afforestation 
drives in the upper reaches of its rivers to prevent 
sedimentation.

Lessons from Outside
Sharing of technical and scientific expertise among 
riparian nations may help in creating an environment 
conducive to further dialogue. Hence, a regional 
network of experts working on the issues related 
to the trans-boundary rivers would go a long way in 
facilitating more regional cooperation between China, 
Nepal, India and Bangladesh.

The South Asia Trans-boundary Water Quality 
Monitoring (SATWQM) Project, initiated in the US, 
has created a network of South Asian organizations 
that monitors water quality in the basins of trans-
boundary Ganges and the Indus; and shares data over 
the internet. This network includes research institutes, 
universities and NGOs that collect water quality data 
in the border regions of Pakistan-India, Nepal-India 
and Bangladesh-India. Issues of concern include the 
impact of untreated sewage, industrial effluents and 
agricultural runoff; river siltation; increasing salinity 
in freshwater and environmental degradation of 
critical habitats. The main idea behind the project is 
to use cooperation over sustainable environment as a 
means to improving relations between countries. This 
initiative can be strengthened and extended to China 
since it already covers three other countries.

The UN Convention on the Protection and Use of 
Trans-boundary Watercourses and International Lakes 

came into being on March 17th, 1992 at Helsinki. It 
is, ‘intended to strengthen national measures for the 
protection and ecologically sound management of 
trans-boundary surface waters and ground waters’. It 
obliges parties to the convention to prevent, control  
and reduce water pollution. The Convention also 
includes provisions for monitoring, research and 
development, consultations, warning and alarm 
systems, mutual assistance, institutional arrangements, 
and the exchange and protection of information, as 
well as public access to information.

SFG Workshop Proposals
Two workshops on water security in the Himalayan 
region hosted by the SFG in partnership with other 
institutions have emphasized an increased need for 
scientific cooperation and regional collaboration to 
reduce the information gap that currently exists. The 
primary reasons for the lack of data include the limited 
number of hydro-meteorological stations and the 
absence of any pooling together of data and research. 

Even with the data available, one of the main issues 
with the current level of sharing is that China, Nepal, 
India and Bangladesh share hydrological data only 
in the monsoon months. This limits the use of data-
sharing only to flood forecasting. Data needs to be 
shared more regularly and throughout the year. There 
is no collaborative data-sharing on low season (lean 
season) flows. It is important to have cooperation 
in data-sharing all through the year between China, 
Nepal, India and Bangladesh so that lean season flows 
of Himalayan Rivers can be predicted. Since these flows 
are essential for a host of activities such as navigation 
and hydropower projects downstream, it is imperative 
that the countries collaborate for more frequent data-
sharing the year round. There is also need for a channel 
of emergency communication, a type of SOS, between 
the countries.

The Dhaka Declaration on Water Security has 
proposed an expert committee to prepare a roadmap 
for data-sharing and scientific exchange and to 
prepare guidelines to ensure transparency regarding 
relevant data. The Second International Workshop of 
SFG stressed the need to modernize the current data-
sharing. One of the participants came up with some 
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proposals for data-sharing in the region including a 
common data-sharing policy for the region; countries 
linked through high-speed, high-capacity broadband 
network; and creation of a web-based meta-database 
with each organization following a standard format 
for developing their own database. He also proposed 
collaborative studies for setting up a web-based drought 
monitoring information system for dissemination in 
co-riparian nations. The participant also suggested 
that the current flood information dissemination 
system ought to be improved and applied to a regional 
context. The risk of disasters can be minimized through 
better information on floods and erosion in the sub-
regional context.

The Second International Workshop also suggested 
establishing joint research projects involving China, 
Nepal, India and Bangladesh to acquire, collect, 
generate and process appropriate and updated data, 
especially where data-sharing is restricted due to 
security issues. It is also essential that these countries 
cooperate on undertaking joint assessment studies 
in order to determine the future changes as a result 
of climate change and their impact on the main 
Himalayan rivers and their water flows. A starting 
point for any kind of cooperation could be Track II 
initiatives that function through unofficial channels 
and result in creating constituencies of support. Such 
initiatives may act as preparatory processes for wider, 
official cooperation. Since the countries share waters 
of the Himalayan rivers, it is essential that an effective 
mechanism be developed where countries can share 
data along with technical and scientific expertise 
on a common platform through knowledge-based 
partnerships.

The First International Workshop on ‘Water Stress 
and Climate Change in the Himalayan River Basins,’ 
organized by Strategic Foresight Group in August 2009 
in Kathmandu brought together experts and policy-
makers on water issues from China, Nepal, Bangladesh 
and India. One of these experts said that country-level 
models do not account for regional trends, hence, 
there is need for regional models to study trends 
specific to the region. All experts urged the countries 
to overcome the present tendency to resist sharing 
of scientific and technical data in a context where 
national solutions are not feasible. They recommended 
the use of local traditions to preserve livelihood, 

action research, ecosystem-as-a-whole approach 
involving all stakeholders and the use of instruments 
of international co-operation, like the UN Convention 
on Biological Diversity and the Ramsar Convention.

At both the workshops, a proposal for a Regional 
Information Sharing Network was mooted.

Regional Information Sharing Network

Source: Ajaya Dixit, “Sharing and Scientific Cooperation: 
Reflections” presentation at Second International Workshop 
on Himalayan River Basins hosted by SFG - BIPSS at Dhaka 
on January 16, 2010
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nations that is working towards a shared vision for the 
region. A similar process could be designed for these 
four nations as well. The ADD Knowledge Forum is also 
a good example of cooperation for knowledge.

It is clear that on the issue of data sharing, scientific 
and technical exchange, a lot more needs to be done 
in the Himalayan sub-region. The steps taken so far 
are not enough to reduce the information gap that 
currently exists in the region vis-à-vis the impact of 
climate change on these countries. There is also a 
need for a joint assessment of future changes as a 
result of climate change and their subsequent impact 
on river flows. Trust-building is required for successful 
cooperative effort. In order to facilitate an atmosphere 
of trust, it is important that China, Nepal, India and 
Bangladesh cooperate in other fields too. Steps taken 
to boost bilateral and multilateral trade will eventually 
contribute towards building of trust between these 
nations.
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Over the years, specific measures have been taken to control floods, expand irrigation and harness hydropower in the 
Himalayan region in China, Nepal, India and Bangladesh. Large scale development of water transport on shared rivers 
did not feature as a major objective due to the development of roads and railways, especially in India - an important 
transit country. The focus shifted away from waterways as a viable option to other modes of transport since the 
water networks were confined to specific regions where the river flows. Moreover, with increasing competition over 
water resources for non-navigable uses such as for irrigation and hydropower, maintaining adequate levels of water 
for transit has become a hurdle. However, water-based transport is highly energy-efficient and an environment 
friendly mode of transport. It has high employment potential and is also expected to play a major role in meeting 
the emerging transport infrastructure requirements of the future.

Nepal, the south-west of China and the north-east of India are essentially land-locked sections. Nepal relies on 
the provision of access to ports in India for its exports to a third country. Nepal’s major trading partner is India 
followed by the United States and Germany. Its trade with Bangladesh is negligible. Both these countries - Nepal 
and Bangladesh, can therefore benefit immensely by opening up river transit routes through India since it will not 
just improve the balance of trade but will also be economically viable.
 
At present, a major portion of the traffic between north-east of India and the rest of the country passes through 
the Siliguri Corridor or ‘Chicken’s Neck’, a narrow strip of land connecting the states in the north-east of India to the 
state of West Bengal in India. The trans-boundary waterways in Bangladesh have been opened up to transfer goods 
to and from the north-east to other parts of India. Despite this, the present use of the waterways is limited due to 
lack of infrastructural facilities.

China, on the other hand, can benefit greatly from the opening up of water trade routes in the north-east of India 
to facilitate the transit of commercial goods from south-west of China to south-east Asia and other markets in the 
region. Hence, collaborative development of waterways in the context of regional development of the Himalayan 
River basins becomes not just important but also progressive.

In addition to trade, development of waterways provides a convenient function in related activities, such as 
passenger navigation, tourism, and water sports. The Himalayan region provides ample tourism potential with its 
unique wildlife and forests, religious places and ethnic cultures, which are diverse in nature along the rivers. Given 
this, the prospects of tourism, more specifically ecotourism, look promising in the region since this will not only help 
in conserving the environment but will also inject economic development in the local communities of the region. 

Water Transport and Ecotourism
In general, the utility of water transport has not been tapped to its full potential in the Himalayan River basins. As 



noted earlier, development of road and rail transport, 
lack of infrastructure and investment, increased use of 
water for non-navigable purposes has made waterways 
a less attractive and more expensive option. China and 
Bangladesh have relatively well-developed systems of 
inland water transport compared to those in India and 
Nepal. 

The inland waterways in China are confined to Jiangsu, 
Guangdong, Hunan and Sichuan provinces, where 
the Yangtze and Pearl Rivers flow. Though China has 
a well-developed system of waterways, the south-
west of China, much like the north-east of India, is 
underdeveloped and landlocked. The opening of the 
Kibithoo Pass between Tibet and north-east India 
has facilitated the transport of commercial goods 
from south-west China reaching the Brahmaputra’s 
furthest upstream port of Sadiya in India for transport 
downstream. In addition, the construction of a major 
bridge crossing the Lohit River has improved access 
into Tibet from India all through the year. The usage of 
the pass has, however, been limited over the years.

The inland water transportation in Nepal, at present, 
is limited to the use of small ferries at numerous 
crossings concentrated mainly in the lower reaches 

of Karnali, Narayani (Gandak in India) and Saptakoshi 
Rivers. The Karnali and Narayani Rivers are considered 
suitable for the development of navigation from the 
Indo-Nepal border right up to their confluence with the 
Ganges. In Nepal, the lower reaches of the rivers are 
navigable throughout the year. Hence, there is good 
potential for extending and developing navigation 
from Nepal to Kolkata port through Patna. In India, the 
Patna-Kolkata stretch of Ganges River is a part of the 
National Waterways-1 developed between Allahabad 
and Haldia port. The possibilities for further extension 
of navigation to the north in Nepal from India and 
inclusion of navigation in the Indo-Nepal Treaty have 
been explored in the past. However, no substantial 
progress has been made on this front due to doubts 
raised over the availability of adequate water levels for 
navigation during the dry season, especially in India. 

In India, the stretch from Sadiya port on the Lohit 
River to Dhubri near the Bangladesh border on the 
Brahmaputra River forms National Waterway-2. The 
Brahmaputra River, along with major tributaries Lohit, 
Dhansiri, and Subansiri Rivers, have the potential to 
become major water transit routes for goods from 
south-west China to the Kolkata port or other ports in 
Bangladesh. The water transport could likewise boost 

Trading Pass Near Indian Border Town Kibithoo

Source: <http://www.boloji.com/plainspeak/119.jpg>
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movement of commercial goods from major transit 
points from cities further east in southern China, 
namely Chengdu, Kunming, and Dali. It is important 
to note that the Brahmaputra and its tributaries are 
not navigable across the India-China border. Hence, a 
multimodal transport system could be developed in 
the region connecting roads to the waterways. This 
will benefit the geographically-isolated regions in both 
India and China to connect with the mainland.

National Waterway-1 in India

Source: Inland Waterways Authority of India. <http://iwai.
gov.in/mapnw1.htm>

Apart from water-based trade, navigation along the 
Brahmaputra can also be channelised to develop the 
tourism industry. Presently, there are some private 
river cruise ships that already operate on the river with 
several floating restaurants thriving on the banks of the 
river Brahmaputra. As noted earlier, the Brahmaputra 
and its tributaries are not navigable across the India-
China border. Hence, water-borne travel can be 
expanded to include only the areas that are very close 
to the border. The tourism boards of India and China 
could boost the number of tourists the region draws 
through communication and mutual promotion of 
ecotourism.

Navigation has always been an integral part of the 
transport system in Bangladesh. Around 6,000 
km of waterways are currently navigable by larger 
mechanized vessels during the monsoons. The inland 
water transport’s mechanized fleet carries cargo to 
and from inland river ports to the maritime ports of 

Chittagong and Mongla. The other form of inland 
water transport includes movement of domestic cargo 
between the districts. There are 11 major river ports 
in Bangladesh. A large portion of the cargo originating 
from seaports is bound for inland river ports, mainly 
Dhaka, Narayanganj and Khulna. 

The Sunderbans, situated in the lower end of the 
Ganges, Brahmaputra and Meghna River systems, 
provide ample scope for ecotourism development. The 
Sunderbans are very rich in biodiversity and comprise 
of two eco-regions namely, the ‘Sunderbans freshwater 
swamp forests’ and ‘Sunderbans mangroves’. The 
Indian portion of the Sunderbans has cruise ships 
that operate on the Hoogly River system. Bangladesh 
is beginning to experience growth in its ecotourism. 
The Sunderbans increasingly attract both domestic 
and international tourists. However, the percentage of 
international tourists is still small. If ecotourism in the 
Sunderbans can be developed and promoted as a single 
destination, the overall economic and environmental 
benefits will increase manifold in the region. 

National Waterway-2 in India

Source: Inland Waterways Authority of India. <http://iwai.
gov.in/MAPNW2.HTM>

Water Treaties
A general analysis of the various engagements between 
the riparian countries show proposals drawn to expand 
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the waterways based on geo-political relationships 
shared by the countries. In addition, the engagements 
have primarily been bilateral in nature, especially 
that of India, even though the Himalayan Rivers flow 
through more than two countries. 

Treaty of Trade and Transit between 
India and Nepal 
The Treaty of Trade and Transit between India and 
Nepal provides a bilateral framework on trade and 
transit. This treaty includes a provision whereby it is 
automatically extended for seven years unless one 
of the contracting parties gives written notification 
of its intention to terminate it. The two countries 
have further cooperated in developing a multi-modal 
transport system based on road and rail service for 
goods moving to and from Nepal through the territory 
of India. In August 2009, India allowed Nepal to trade 
through the Visakhapatnam port in addition to Haldia 
port. 

This treaty is limited to provision of port facilities to 
Nepal; the transit routes are restricted to road and 
rail transport, and do not include water transport. 
Proposals have been made to develop the inter-country 
water transport between the two countries. The Kosi 
Navigation Canal, for example, linking Chatara in Nepal 
to the National Waterway-1 in India was proposed, 
though it is yet to be implemented.

Inland Water Transit Protocol between 
India and Bangladesh 
This is a bilateral protocol on inland water transit and 
trade providing water transit between Kolkata and two 
points in Assam - Dhubri and Pandu without touching 
Meghalaya and Tripura. The protocol is renewed every 
two years under which, each side has provided four 
ports for loading and unloading commodities. India 
has assigned Kolkata, Haldia, Karimganj and Pandu 
ports for this purpose while Bangladesh has assigned 
Narayanganj, Khulna, Mongla and Shirajganj ports 
for the same. In addition, cargo sharing is permitted 
on equal basis for transit and inter-country trade by 

vessels in India and Bangladesh. 

The benefits of this treaty can be fully realized only 
with further development of infrastructural facilities 
of ports in both the countries that will help in bringing 
down transport costs substantially. This treaty has a 
very good scope for expansion to include the proposed 
National Waterway on the Barak River between 
Lakhipur and Bhanga in India, which can be connected 
to Haldia and Kolkata through Bangladesh. 

In January 2010, India and Bangladesh signed five 
agreements during the Bangladesh Prime Minister 
Sheikh Hasina’s visit to India on trade, connectivity, 
water and power sharing. India has agreed to provide 
USD $1billion credit to improve Bangladesh’s railway 
network and dredging the rivers shared between the 
two countries. This recent development will further 
enhance the trade and connectivity between India 
and Bangladesh. The trade between the two countries 
stood at over USD $2billion in April-December  
2008-09. In addition, Bangladesh has requested a 
guaranteed dry season flow in the new treaty that will 
be signed on the Teesta River.

There are no existing treaties at present between India 
and China, Bangladesh and Nepal and China and Nepal 
or Bangladesh on water-based transit and trade. 

Sub-regional Forums
Bangladesh-India, Myanmar-Sri Lanka 
and Thailand Economic Cooperation 
(BIMSTEC) 

BIMSTEC is an international organization involving a 
group of countries in South Asia and South-East Asia. 
The member countries of this group include Bangladesh, 
India, Myanmar, Sri Lanka, Thailand, Bhutan and Nepal. 
The purpose of this regional grouping is to provide trade 
and technological cooperation among its members in 
six areas - trade and investment, tourism, transport, 
and communication, technology, energy and fisheries. 
The agreements between the BIMSTEC countries have 
been bilateral in nature and have focused sparsely on 
the development of waterways in the region.
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South-Asia Sub-regional Economic 
Cooperation (SASEC)

The SASEC initiative includes four countries - 
Bangladesh, Bhutan, India and Nepal. These countries 
geographically cover the Eastern Himalayan and Bay of 
Bengal sub-region of South Asia. In India, it covers 13 
states including the seven north-eastern states.  SASEC 
focuses on boosting regional cooperation in six sectors, 
which are energy and power, transportation, tourism, 
environment, trade and investment and private sector 
participation. 

The Tourism Working Group was formed in 2001 and 
comprises of the National Tourism Ministries/Boards 
of the 4 countries and ADB representatives. The SASEC 
Tourism Development Plan (TDP) released in 2004 
is an important outcome of the discussions among 
the members of the working group with inputs from 
industry and private players. This TDP serves as the 
overall framework for the development of tourism in 
the entire SASEC sub-region and guide investment, 
infrastructure development and policy-making on 
tourism.

The TDP focuses on two themes of ecotourism and 
Buddhist circuit. Specific tourism projects have been 
designed to target the tourism sector and develop 
ecotourism in the rivers of Ganges, Brahmaputra and 
Teesta linking the national parks in the region. The 
primary focus will be on wildlife, cruise tourism and 
ethnic culture, trekking in the Himalayan belt from 
Nepal through Sikkim, Bhutan, Arunachal Pradesh and 
Assam, development of tourism in key cross-border 
areas like Pararpur in Bangladesh – Siliguri, Bagdogra, 
water-based adventure tourism in Arunachal Pradesh, 
Nagaland, Bangladesh, Tripura and East Bhutan. The 
TDP has been designed on the basis of the Greater 
Mekong Sub-region (GMS) Tourism Model. 

The GMS Tourism Model, however, has been considered 
a failure among the communities due to lack of co-
ordination between various tourism agencies and 
unsustainable development of ecotourism. In addition, 
lack of infrastructural facilities has resulted in decrease 
in the flow of tourists in some parts of the region. 

The main objective of the model was to reduce 
poverty through an integrated development approach. 

However, the benefits of tourism in general and 
ecotourism in particular, have never reached the 
poorer sections of the communities in the region.

The Himalayan sub-region can draw inspiration from 
the European experience, though it cannot learn  
direct lessons since the European topography 
is fundamentally different from mountainous  
topography of the Eastern Himalayas. According 
to the Inland Navigation Europe, the EU waterway 
network of 35,000 km covers most major cities. 
Centres of commerce and industry and ports are 
also well-connected by rivers and canals. There are 
four main corridor networks – North-South corridor, 
Rhine corridor, East-West corridor and the South-
East corridor, which are interlinked. The connected 
network provides easy access to carry goods from 
producer to customer. Apart from facilitating trade 
among the European countries, the waterway 
network has generated employment. In Germany, for 
example, around 400,000 jobs are directly or indirectly 
dependent on the inland waterway sector and related 
companies.

The European Union (EU) has in addition, launched a 
specific modal shift programme called “Marco Polo” in 
2003. Under this, projects will be funded to shift part 
of the volume of international freight transport from 
road to rail, inland waterways and short sea shipping. 
The objective of the programme is to help decrease 
the number of trucks on the roads and thus, reduce 
traffic congestion as well as the negative impact of road 
traffic on people’s health and the environment. This 
programme boosts regional development in addition 
to promoting environmentally-safe means of transport 
by exploring inland waterways as a transport option. 

An inland waterway network in the Himalayan sub-
region cannot be developed on such a massive scale, 
considering the difficult terrain as well as the economic 
and physical constraints of the region. However, positive 
aspects such as easing and standardizing navigational 
rules at inter-country transit points and exchange of 
information on river navigability, especially during the 
dry season between countries can be adopted. Along 
with this, a feasible modal shift programme on the lines 
of the EU Marco Polo programme can be constructed 
for development of future regional cooperation on 
water-based trade and navigation. 

Trade, Transit and Eco-Tourism



A coordinated Himalayan river basin management by 
the riparian countries on water-based trade and transit 
will promote economic and environmental well-being 
throughout the region. It is clear that the effective 
use of water resources throughout the Himalayan 
River basins is essential to tackle poverty, increase 
food security and create a stable and cooperative 
geopolitical environment. The opening up of the river 
routes through these countries could bring about major 
changes in the trading pattern thereby having a positive 
impact on the economy of the river basins. This will, in 
addition, facilitate ecotourism and improve transport 
connectivity in the region. It will also provide scope 
for developing alternative development programs that 
can be structured, as per the needs of the region. 

Some experts say that the transport costs could be 
reduced by half, if a multimodal transport network 
is used to transport goods from Kolkata to Agartala 
through Bangladesh. Accordingly to this system, goods 
could be carried from Kolkata or Haldia port by ship 
along the coast to Chittagong port in Bangladesh, then 
by railroad to Akhaura in Bangladesh. From here, the 
closest point is Agartala in India where the goods could 
be finally transported by road to various destinations 
in the north-east of India. An agreement to open the 
Ashuganj port by Bangladesh, which is 40 km from 
Agartala in September 2009, is a positive development 
with tremendous economic potential for both India 
and Bangladesh.

A sub-regional cooperation in the water-based transit 
and trade is the basic means for promoting economic 
linkages among India, China, Nepal and Bangladesh. 
The Himalayan sub-regional water transport can 
comprise of two corridors, with India and Bangladesh 
as transit nations. The first segment includes Nepal-
India-Bangladesh Corridor-1 connecting Karnali, 
Narayani and Saptakoshi Rivers in Nepal to the National 
Waterways-1 in India. The second segment includes 
China-India-Bangladesh Corridor-2 connecting south-
west of China to ports in Bangladesh through Indian 
waterways.   

The two proposed trade corridors can be inter-linked 
through the sea-routes, connecting ports in India and 
Bangladesh, so that there is optimal utilization of 
ports, which will reduce traffic load and congestion. 
In addition, waterways in the Sunderbans can be 

developed further for promotion of the mangrove 
forests as a single destination for ecotourism as also for 
use by smaller vessels. This will maximize the potential 
economic benefits of the waterways in the region.

Corridor-1 will be economically the best mode of 
transport to the sea for Nepal, especially since the 
country is landlocked. The development of waterways 
in Nepal, in addition, will mutually benefit India by 
providing an opportunity for expansion of trade with 
Tibet. Nepal can access ports in Bangladesh if the Inland 
Water Transit protocol between India and Bangladesh 
is extended to include Nepal as well. Bangladesh will 
also gain substantially not just in terms of transit fees 
for providing Nepal access to its ports, but also to use 
Nepal as a transit country to expand trade with Tibet. 
Currently, Chinese trade routes access Kolkata ports 
on two longer routes.

Corridor-2 will benefit China for accessing ports in 
Bangladesh and India through more efficient water 
transport routes in the north-east of India. This will 
facilitate cross-border movement of goods and people 
and will also ensure labour and economic mobility of 
the local population. The Yunnan Province in China, has 
sought to increase passageways along the Kunming-
Kolkata economic corridor to facilitate the export 
of abundant natural resources in south-west China. 
India, Bangladesh and China will benefit immensely as 
it will not only enhance trade and investment climate 
but will also provide access to wider trade markets 
for the economically underdeveloped and landlocked 
regions.

The water-based transport, in addition, will be fuel-
efficient and operating costs will be much lower as 
compared to road or rail transport. The cost per ton 
per km by waterways is Re. 0.55 as compared to the 
Re. 1.00 by road and the energy consumption ratio of 
water transport to road transport is 1.5:4 which makes 
it very energy-efficient.

On the whole, the proposed water-based transit 
routes will enhance the transport connectivity in the 
region. However, the need of the hour is to develop 
multimodal transport connectivity especially in 
places where the rivers are not navigable due to the 
topography, especially across India-China border. At the 
Second International Workshop in Dhaka organized by 
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Strategic Foresight Group and Bangladesh Institute of 
Peace and Security Studies, the need to develop local–
level infrastructure for community water transport 
on secondary rivers in the region was suggested. 
Developing local water transport will contain transport 
energy needs in the region. It will help in maintaining 
connectivity during the monsoon period when large 
parts of the region are inundated.

In order to gain a better understanding of navigation 
between the countries it is important to undertake 
a joint study which indicates economic and 
environmental gains for each country as a result of 
improved connectivity through water-based trade 
and transit and ecotourism. Based on this, India, 
China, Nepal and Bangladesh could formulate a 
comprehensive sub-regional water transport policy 
in tandem with other water policies since navigation 
requires water conservation, especially during the 
dry season. An integrated development will provide 
production and trade opportunities within the region 

that can be further extended to other regions. This 
will, in addition, create job opportunities, expand the 
demand for goods and decrease transport energy 
demands too. An integrated and collaborative effort 
among India, China, Nepal and Bangladesh, is therefore 
important for the successful economic development 
of the Himalayan River basins in these countries.

Trade, Transit and Eco-Tourism

Proposed Water Transit Routes Connecting India, China, Nepal and Bangladesh

Nepal-India-Bangladesh : Corridor 1
China-India-Bangladesh : Corridor 2
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Hydropower is of immense importance in the Himalayan sub-region. As countries industrialize and urbanize at 
unprecedented rates, their power requirements too have reached new heights. China and India are at the very 
forefront of this demand, because of two important factors: their status as two of the most rapidly developing 
economies in the world and the size of their populations. Given this, the need to satisfy their demand for power 
has been a driving force of foreign policy for both governments. In the Himalayan sub-region, Nepal has the highest 
unrealized potential of hydropower. Due to its topography and the profusion of rivers in the country, Nepal has 
tremendous capacity in the hydro-electricity sector. However, a weak infrastructure and financial incapacity are the 
hindrances to Nepal’s success in being able to exploit beyond one percent of this potential.

Most hydropower projects that have been conceived and executed so far have been large scale, especially in India 
and China. This trend continues unabated with both the countries having projects in the pipeline that are immense in 
size and capacity. China, in particular, has plans for large projects that could have an enormous impact downstream. 
And with their growing interest in Nepal, it is very likely that they bring their conventional wisdom to bear in the 
country as well, where they intend to invest their capital in large-scale projects that will have proportional pay-
offs. 

In 2007, the total installed power capacity in China was 713 GW. Over 70% of China’s energy need is met by coal. 
Approximately 24% of its energy needs are met by hydropower. China’s hydropower capacity is 172 GW, which 
is the largest in the region. The Chinese Government has repeatedly emphasized its interest in reducing its coal 
dependency, not just as a means to reduce its carbon footprint, but also as a way to make the future of its energy 
sector more secure. For this reason, China is more likely to pursue hydropower as the best option. The country 
has already shown a tendency towards expanding its own domestic hydropower sector. However, as this option 
becomes more unfeasible due to its dwindling water resources, China has started to target Nepal for its abundant 
water resources.

As of 2009, India’s total installed hydropower capacity stood at nearly 37 GW. Hydropower occupies 24.7% of India’s 
total power resources, with a majority of its total power capacity of over 156 GW, 64.6% to be exact, provided by 
thermal power. Like China, India is also looking to expand its alternative energy sector, and reduce its dependence 
on thermal power. In this regard, hydropower is an important source, as designated by the Indian government. 
India has attempted to gain a foothold in Nepal’s hydropower sector for many years. However, most attempts to do 
so have resulted in failed or stalled deals, an example of which is the Mahakali Treaty. Despite this, India remains 
Nepal’s largest exporting partner in hydropower.

Nepal has an installed hydropower capacity of 600 MW. This number is a mere fraction of Nepal’s total hydropower 
potential of over 40 GW. Unlike India and China however, Nepal depends on hydropower for over 85% of its total 
energy requirements. Bangladesh, on the other hand, due its topography, is not well-suited for large scale hydropower 
projects. Bangladesh’s installed capacity totals about 230 MW, and its total feasible hydropower potential is almost 
1.9 GW, a significantly smaller number than the other three countries. In the future, even if Bangladesh develops 
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more of its hydropower resources, it will still be unable 
to meet all its energy needs through them. Due to this, 
Bangladesh is likely to consider importing hydropower 
from its neighbours, like Nepal and India to sustain its 
power needs.  

India-China
China and India have set up many channels of 
communication on water issues, although many 
of the concrete agreements have to do with the 
exchange of information, rather than hydropower 
treaties. However, the interaction between the two 
countries over hydropower is likely to increase given 
the importance of the Brahmaputra, and the fact 
that it flows through both countries. Apart from this, 
China and India have both begun to invest money and 
resources in Nepal’s burgeoning hydropower industry, 
an aspect that will explored in detail later. 

Brahmaputra, the vast water resource lies between 
India and China. Thus far, the sharing of this resource, 
particularly in relation to hydropower generation has 
been a source of contention and conflict rather than 
cooperation. The North-Eastern region of India has a 
hydropower potential of 59 GW; Arunachal Pradesh 
alone has a potential of 50 GW. Taking into account the 
increasing power deficits in India, especially in the north 
of the country, as well as the increasing population and 
industry in the north-east, this potential hydropower 
will be vital to the country’s energy needs. 

India and China each have individual plans for the 
Brahmaputra basin in terms of hydropower. As 
mentioned earlier in the paper, India plans to build 
140 hydroelectric plants in Arunachal Pradesh and 104 
MoUs have already been signed to this effect. In China, 
five dams have been planned in the middle reaches of 
the Yarlong Tsangpo River.

Brahmaputra flows through a topography that is 
conducive to produce a great potential of hydropower, 
in both China and India. However, the border between 
China and India has always been a bone of contention 
and conflict for the two countries, be it related to 
water or land. Apart from this, the political differences 
between India and China, and the security realities of 

the region, particularly Arunachal Pradesh, mean that 
a full exploration of the potential hydropower in the 
region is impossible for one party on its own. Given 
this, the two countries have thus far approached 
potential hydropower deals as adversaries who have 
opposing interests rather than neighbours who can 
gain from co-operation and co-ordination. If the two 
countries do approach the matter from the viewpoint 
of cooperation in the construction of dams as well as 
the hydropower gained from them, then they will both 
co-exist well and gain immensely.

Nepal
The co-operation between Nepal and India over 
hydropower began several decades back. The two 
countries collaborated on projects on the Kosi and 
Gandak Rivers during the 1950s. Over the next few 
years, India collaborated on the Trishuli, Devighat and 
Phewa hydropower projects in Nepal. Nepal and India 
began to exchange power in limited capacities in 1971, 
using various points along the border between the two 
countries that are presently 14 in number. 

The Government of India and the Government of 
Nepal signed a treaty in February 1996, known as the 
Treaty on Integrated Development of Mahakali River, 
which came into effect by June 1997. The Mahakali 
Treaty is built around the Pancheshwar Multi-purpose 
Project on the Mahakali river. This project has been 
stalled for years now, mostly because of the belief in 
Nepal’s political circles that the deal does not hold 
much for the country. Those opposing the treaty have 
stalled the project due to what is perceived as India’s 
overbearing attitude. 

A joint commission was set up in 1988 between India 
and Nepal to review a project on the Karnali River, 
known as the Chisapani Multi-purpose Project. A final 
report was also prepared on the same. However, this 
has not been put to use by the two governments till 
date. Apart from this, there are various projects that are 
at different stages of development: the Burhi Gandaki 
Project that is currently stalled, the Saptakoshi High 
Dam Multipurpose Project on which a joint team of 
experts are still carrying out investigations. The West 
Seti High Dam project in Nepal will be the first from 
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the private sector in Nepal that will export power to 
India, if it is built according to plan. The Upper Karnali 
Hydroelectric Project will be a joint undertaking of the 
Nepal Electricity Authority and the National Hydro 
Power Corporation of India.   

The power deficit in Northern India is expected to reach 
20,000 MW in 2010. In light of this, power imported 
from Nepal will be of great value to India. Apart 
from the government of India which is attempting to 
show Nepal its renewed interest in the sector, many 
private sector companies in India too are interested in 
investing in Nepal’s power sector. 

Of late, China has been showing enormous interest in 
collaborating with Nepal in the hydropower sector. The 
Chinese company, Sinohydro formed a joint venture 
with the Sagarmatha Power Company to develop the 
50 MW Upper Marsyangdi project in Western Lamjung 
district. China’s state-owned Exim Bank signed an MoU 
with Nepal’s finance ministry for a loan of US $200 
million, for infrastructure projects in Nepal, including a 
61 MW Upper Trishuli hydropower project in Nuwakot 
district. The Exim Bank is funding 75% of the 750 MW 
West Seti Project of which The Bank of China is also 
a sponsor. As is evident through this recent flurry of 
activity, China is eager to gain a foothold in Nepal. 

Bangladesh has little or no potential for hydropower 
due to its topography. For this reason, Bangladesh can 
be viewed as a potential client for Nepal, and even 
India.

Nepal’s Hydropower Potential
Nepal’s hitherto untapped hydro-electric potential 
has pushed the two regional powers, India and China 
into a tussle over its resources. This competition could 
further intensify in the coming years. Nepal will require 
heavy investment in its hydropower sector in order for 
it to be developed. The country will certainly welcome 
any foreign capital being invested into its fragile 
economy. Due to its immense hydropower potential, 
Nepal has opened up this sector as a possible focal 
point of foreign investment. In this regard, Nepal can 
be considered a ‘surplus country’ for hydropower in 
the Himalayan sub-region. India and China do not 

possess as much potential as Nepal in this regard, 
while Bangladesh’s physical attributes and topography 
is not suited to generate enough hydropower. If all 
of Nepal’s techno-economically feasible hydropower 
potential is realized, Nepal will not just become strong 
enough to sustain itself, but will also be able to export 
hydropower to India, China and Bangladesh.

At present, any investment in Nepal from either India 
or China could be interpreted as a competitive move 
by the other. As most of Nepal’s rivers, including its 
three major ones, flow into India, it is natural that 
the country be viewed as its largest potential partner 
in any hydropower endeavour. However, this natural 
partnership will have to overcome certain pre-existing 
hurdles. Nepal has shown a deep distrust in India’s 
partnering efforts before. Many of the previous 
agreements between the two countries have been 
stalled, one of them being the Mahakali treaty.  
Politically, the Maoist situation in Nepal could have 
ramifications for any power-sharing agreements 
between India and Nepal. This division has proven 
to be advantageous for China, with the country 
entering the hydropower sector of Nepal with huge 
investments. In January 2010, the Prime Minister 
of Nepal visited China, and prominent amongst the  
topics of discussion was the Chinese government’s 
interest in Nepal’s hydropower sector. The Chinese 
government is eager to expand its base in Nepal. 
Politically, Nepal’s climate is currently more skewed 
towards the Chinese government, rather than the 
Indian government, with which it has certain political 
differences. Apart from this, the Maoist block of the 
country is also likely to be placated if business is done 
with China, rather than India. However, this has not 
prevented Nepal from welcoming Indian investment, 
both private and governmental, into its hydropower 
sector. 

Nepal’s total power capacity is 689 MW, with 600 MW 
of it coming from hydroelectricity. However, only 40% 
of Nepal’s population has access to electricity. Large 
areas of Nepal still remain completely disconnected 
from any power grid, while those that do have access 
to power have to contend with uneven supply due to 
load shedding among other things. Even if it is assumed 
that Nepal’s population and industry stay constant, 
the country will still need about 2.5 times its present 
power capacity just to ensure that all of its present 
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population has proper access to electricity. This means 
that just to reach 100% of its population, Nepal needs 
1772.5 MW of power. If infrastructure, industrialization 
and population growths for the next 2-4 decades are 
factored in, this number could easily increase manifold. 
At the very minimum Nepal needs to increase its 
capacity by over 1000 MW purely for its own needs. 
Given this, it is perhaps premature to contemplate a 
proxy war over Nepal’s resources between India and 
China. However, if developed, Nepal’s hydropower 
plants could easily supply ‘surplus’ power to both India 
and China. Hence, it is not hard to understand why 
both countries seem to be investing large capital and 
resources into the Nepal’s hydropower sector. 

Basin-wise hydropower potential in Nepal
(Theoretical Potential)

Source: Pokharel, S. ‘Energy in Nepal’. World Energy Council. 
1998.<http://www3.ntu.edu.sg/home/mspokharel/
Energy%20in%20Nepal.pdf>

It is important to consider Nepal’s future hydropower 
sector with the facts of low season flow. Unless future 
hydropower plants are able to supply a minimum 
amount of power all year round, they will not be worth 
the financial input from foreign investors. Given the 
disparity in Nepal’s high season and low season flows, 
it will be imperative to conduct extensive feasibility 
studies before embarking on any potential projects. 
Impacts of climate change will further exacerbate 
Nepal’s ‘too much water, too little water’ issue, 
particularly affecting the rivers of Nepal, upon which 
the entire hydropower sector rests. After factoring in 
the effects of climate change, it is possible that in the 
future rivers will be unable to maintain the minimum 
flow required to generate power.

It still remains to be seen how this power struggle will 
play out in a larger regional perspective, and if Nepal 
will indeed become a proxy battleground for India and 

China to play out their regional one-upmanship. In the 
meanwhile, it is certain that there is likely to be marked 
development in Nepal’s hydropower resources and its 
ability to export to its neighbours. 

Agricultural Collaboration
Agricultural collaboration between regional players 
can be divided into three possible categories: 
irrigation, exchange of technology and exchange 
of proprietary research. The latter two are usually 
done at the academic, rather than national level, 
except during large trade deals, when agricultural 
technology is often exchanged as a part of the deal. 
Larger countries also tend to give technology as part 
of aid packages to smaller countries during times of 
need. Irrigation is the most prominent category in 
the scheme of things as it directly affects crop health, 
and therefore, the economy of the countries involved. 
Irrigation agreements are signed by the upper riparian 
and lower riparian states to effectively share the 
resources of the water body that flows through them. 
Therefore, these agreements would be between 
China and India, India and Bangladesh and Nepal and 
India. Most irrigation agreements are parts of larger 
deals, usually hydropower deals. Any barrage or dam 
that is constructed on a river that is trans-boundary 
necessarily comes with a water-sharing agreement 
that is specifically rooted in irrigation requirements for 
both the upper and lower riparian states. It stands to 
reason that any obstruction placed on a river, such as 
a dam, will require an accompanying arrangement of 
sharing the water that previously flowed through the 
two countries unobstructed.

Thus far, irrigation deals in the Himalayan sub-
region have been part of larger agreements, mostly 
hydropower deals. Between Nepal and India, irrigation 
deals are part and parcel of larger hydro-electric 
projects such as the Mahakali Treaty, the Saptakoshi 
High Dam Multipurpose Project and the Burhi Gandaki 
Hydroelectric Project, most of which are stalled. 
Between China and India, irrigation agreements are a 
part of larger agreements between the two countries. 
The Brahmaputra River that is shared between the 
two countries is a sizable river with adequate water for 
both countries. However, if any construction is made 
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Basin

Koshi
Gandaki
Karnali & Mahakali
Others
Total

Major Rivers 
(GW)

19
18
32
3

72

Small Rivers 
(GW)

4
3
3
1

11

Total

23
21
35
4

83



on the river upstream in China, then an irrigation 
agreement will have to be put in place in order for India 
to receive adequate water to sustain its population 
and agriculture.
 
Between India and Bangladesh, the Farakka Barrage, 
once a point of much contention, is now an avenue to 
share water according to a 30-year deal signed between 
the two countries in 1996. According to the treaty, the 
water of the Ganges River will be distributed from the 
barrage for the two countries between January 1 and 
May 31 and that India will maintain the flow at Farakka 
at the average level of the last 40 years. At any critical 
period, Bangladesh will receive a minimum guaranteed 
flow. One of the main reasons for this agreement is the 
requirement of irrigation water for the lower riparian 
state, i.e. Bangladesh. However, it has not been smooth 
sailing for this agreement as Bangladesh has protested 
on occasion about India withholding its fair share of 
water. In January 2010, representatives of both India 
and Bangladesh met to discuss water sharing of the 
Teesta River. Although no deal has yet been reached, 
this is yet another avenue for the two countries to co-
operate over irrigation water sharing.  

During Strategic Foresight Group’s International 
Workshop in Dhaka in January 2010, long-term 
agriculture forecasting for food security in the 
Himalayan sub-region was proposed. Considering 
the predicted decline in agricultural production in 
the region, and the number of people that not only 
depend on agriculture as their food source, but 
also their livelihood, increased co-operation over 
agriculture and food security issues is very important. 
The importance of demarcation for impacts of climate 
change on food and non-food crops on the regional 
context was emphasized. This again will have to be a 
combined regional effort, rather than just a national 
one. 
 
There are dozens of international hydropower treaties 
in existence. It is likely that more will come into being 
in the next few decades, as nations have come to 
realize the need for moving away from thermal energy 
and coal, and towards more sustainable, cost-saving 
and eco-friendly energy. Hydropower treaties not only 
encompass power-sharing agreements, but also water-
sharing agreements that are crucial for the harmonious 
co-existence of upper and lower riparian states. 

However, most treaties in the Himalayan sub-region 
seem to be mired in political conflict or complications. 
In order to have a better and more effective functioning 
of countries with issues related to trans-boundary 
rivers, there has to be a mechanism in place that 
can deal with the complex issues that accompany 
hydropower generation and water sharing.
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16Responding to Climate Change

Climate change is likely to alter the environmental balance of the Himalayan sub-region, with far-reaching implications 
on the social and economic fabric of China, Nepal, India and Bangladesh. At the global level, attempts to devise a 
climate change framework convention have been unsuccessful, with the most recent meeting in Copenhagen, failing 
to live up to expectations. Political bargaining over an ‘equitable’ deal continues to evade the planet, reinforcing 
the need to match global ambitions at both, the national as well as the regional levels. As the responsibility of 
governments to secure water resources becomes increasingly crucial, there will be greater incentive to enforce 
climate change mitigation and adaptation strategies at the domestic level, while seeking cooperation on a regional 
platform. All the four countries of the Himalayan sub-region are at an important juncture in their individual histories. 
As this paper has highlighted, each country will be affected by water scarcity – a problem likely to be exacerbated 
by climate change. In an effort to maintain economic and development growth trajectories, it is vital for national 
governments to prioritize against the impact of climate change risks. 

Effective responses to climate change risks will depend on mitigation and adaptation strategies adopted by the 
respective countries – both of which must be actively pursued concurrently. The IPCC defines mitigation as, ‘an 
anthropogenic intervention to reduce the sources or enhance the sinks of greenhouse gases.’ Adaptation to climate 
change is defined as the ’adjustment in natural or human systems to a new or changing environment. Various types 
of adaptation can be distinguished, including anticipatory and reactive adaptation, private and public adaptation, 
and autonomous and planned adaptation.’ 

In the traditional sense, mitigation has been the primary focus of governments, with an emphasis on ensuring 
that the ‘causes’ of climate change are addressed – primarily through the reduction of Greenhouse Gas Emissions 
(GHG) as well as the aerosols that cause the Atmospheric Brown Cloud (ABC) effect. The process of ‘adaptation’, 
whereby there is a focus on minimizing the negative impact of climate change has received lesser attention than it 
should. However, failure to arrive at conclusive and universally- acceptable mitigation policies has prompted further 
attention on adaptation strategies. In addition, as the impacts of climate change become more apparent, there 
is a greater sense of urgency to not only adapt to it, but to make proactive adjustments which seek to dilute the 
consequences of long-term and short-term environmental negligence.  

Climate Change Mitigation
Combating climate change requires the implementation of various strategies at the political, technological, economic, 
environmental and social level. On the global stage, the issue has been primarily addressed through the United 
Nations Framework Convention on Climate Change (UNFCCC), and the implicit understanding between nations that 
a reduction in GHG emissions is mutually beneficial. In addition, recognition that countries are at various stages 
of development has sought to ensure that mitigation strategies occur within a pre-determined time period; that 
global food production is not threatened and; that economic development is allowed to continue in a sustainable 



manner. However, enforcement of these initiatives 
has been difficult, with clear divisions appearing 
over expectations and responsibilities, between the 
developing and developed world.  

Within the Himalayan sub-region, trans-boundary 
cooperation on mitigation strategies has been largely 
superficial, with each country’s national climate 
change proposals taking precedence over other 
regional initiatives. This is not to say, however, that 
the four countries operate completely independent of 
one another. In 2009, India and China signed a five-
year agreement to jointly fight climate change and 
negotiate international climate deals. In addition, New 
Delhi and Beijing set up a Joint Working Group (JWG) 
that will hold annual meetings alternatively in India 
and China, to discuss domestic policies and measures, 
as well as scope for cooperation. The Memorandum 
of Agreement (MoA) is the first of its kind between 
countries, and is expected to place both countries 
along with Nepal, Bangladesh and other members 
of the G-77, in a stronger negotiating position vis-à-
vis the developed world. Furthermore, the JWG will 
also seek to promote joint research and development 
programmes in areas of solar and wind energy, coal 
technology and forestry. There will also be a focus on 
meetings between scientists and economists to discuss 
various related issues.    

International Conventions
Despite the fact that leaders at the Copenhagen summit 
failed to arrive at a binding emissions-cut agreement, 
the summit did provide the developing world, and in 
particular the two largest countries of the Himalayan 
sub-region, India and China, with an opportunity 
to find common ground on global negotiations 
for mitigation strategies. Both countries urged the 
developed world to play a bigger role in emission 
reductions, while arguing that a cap on their emissions 
would limit economic growth. In addition, there was 
also renewed recognition that only reforestation could 
help the region combat global warming – an initiative 
that corresponds with the United Nations proposal 
for Reducing Emissions from Deforestation and Forest 
Degradation (REDD). Reforestation and/or initiating 
steps to stop forest destruction are considered one of 

the most cost-effective and quickest ways to combat 
climate change.  

With forests estimated to capture 11% of carbon 
emissions in India and around 6% in China, the addition 
of approximately four million hectares of forest cover 
every year in China and approximately one million 
hectares every year in India is an important mitigation 
strategy for the future. Furthermore, while New 
Delhi and Beijing have agreed to share afforestation 
techniques and the use of satellite technology, the 
initiative should also be extended to Nepal and 
Bangladesh, as both the countries have a stake in the 
region’s climate, and in particular any impact climate 
change could have on the Himalayan glaciers. 

The willingness to cooperate between India and 
China on mitigation strategies is the first step towards 
limiting the further damage by climate change on the 
Himalayan sub-region. In addition to the four-nation 
BASIC (India, China, Brazil and South Africa) axis 
that emerged from negotiations at the Copenhagen 
summit, it is imperative that New Delhi and Beijing 
collaborate with Nepal and Bangladesh to ensure long-
term survival of the water resources in the Himalayan 
sub-region. As the politically and economically larger 
neighbours, India and China must assume a position 
of regional responsibility that is matched by their 
aspirations. Clean technology transfer, provision of 
funding for environment-related projects and sharing of 
intellectual and scientific data should be made available 
to Nepal and Bangladesh, as a basic requirement for a 
successful mitigation campaign in the Himalayan sub-
region, must involve all the stakeholders.  

The world now awaits ‘Mexico 2010’ for an opportunity 
to reach an acceptable solution to reduce carbon 
emissions, the onus at the regional levels falls on the 
governments of the Himalayan sub-region. Preventive 
or remedial steps to improving the environmental 
surroundings ought to be a priority, as the further 
delay could cause political, social, economical and 
environmentally disastrous repercussions. While the 
position of ‘common but differentiated responsibilities’ 
should remain the focus of global negotiations, the 
Himalayan sub-region must enact regional initiatives 
which seek to safeguard water resources. India and 
China’s decision to reduce emission intensity per 
unit of GDP by 20-25% of 2005 levels and 40-45% of 
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2005 levels respectively by 2020 is a step in the right 
direction. As the previous section highlighted, water 
scarcity will be of major concern to India, China, 
Bangladesh and Nepal eventually, meaning that while 
global mitigation initiatives are important, there must 
be a push for greater regional cooperation.

Greenhouse Gases and Aerosols
A major determinant of success for mitigation 
strategies, involves convincing people that changes 
to their lifestyle and behaviour patterns are in their 
own collective interests and, that, it could contribute 
towards climate mitigation. Steps in this direction have 
been identified by the IPCC’s Fourth Assessment Report, 
as increasing the possibility of a positive outcome vis-à-
vis climate mitigation. Expanding economies and rising 
incomes are contributing towards changing diets, and 
more specifically a growing demand and consumption 
of animal protein. While this trend could prove to be a 
major hurdle towards securing food resources, it is also 
considered a contributor towards GHG emissions. 

Research has shown that the livestock sector is not 
just the single largest anthropogenic user of land, 
but that more importantly, it also accounts for a large 
consumption of water, with the production of one kg of 
beef for instance, consuming 15500 litres as opposed 
to 900 for one kg of maize. In addition, livestock 
contributes towards 64% of ammonia emissions in 
acid rain and, is economically inefficient to produce as 
opposed to vegetables, cereals and fruit. In an effort to 
highlight the importance and benefits of a less meat-
intensive diet, several European cities have introduced 
one meat-free day in a week. Similar initiatives should 
be followed within the Himalayan sub-region, as experts 
believe that one or two meat-free days a week could 
be the most effective action to reduce GHG emissions 
and improve human health. Furthermore, as incomes 
rise, dietary demands are expected to change, raising 
the possibility that there will be greater constraints on 
the land and more demand for water.

As for Atmospheric Brown Clouds, scientists believe the 
best way to curtail them is to contain the emissions of 
the aerosols that contribute to their existence. Steps 
aimed at curbing GHGs should also effectively curb 
the emissions of many of the aerosols that contribute 

to the existence of ABCs. The simplest and most 
effective step would be to reduce the burning of fossil 
fuels. During the Beijing Olympics in 2008, Chinese 
authorities ordered cars off the streets of the city 
ahead of the games to reduce the fog around the city. 
Such measures, including ordering cars off the street 
for one or more days of the week, would go a long way 
towards reducing GHGs. 

Climate Change Adaptation 
Adaptation to climate change is of paramount 
importance. The process assumes greater significance 
as the effects of global warming are already in motion 
due to past emissions. However, it is important to note 
that adaptation strategies cannot deal with the full 
extent of climate change impacts, as stresses on the 
environment are expected to only increase in severity 
over time. Rather, adaptation is better suited to short-
term or medium-term initiatives, which continue to 
evolve with the changing climatic scenario. In addition, 
adaptation strategies cannot exist independently of 
economic and social development strategies – with 
low per capita income countries, in this case those in 
the Himalayan sub-region, most vulnerable. There is 
potential for improved preparedness and adaptability 
through sustainable development practices, although 
as climate change is already in motion, this must occur 
concurrently with mitigation policies. 

As development and adaptation are largely  
intertwined, there is a need to ensure that climate 
change policies are reflected in development 
goals. While the developed world has reiterated its 
commitment to support adaptation policies in the 
developing world through the allocation of funding,  
this alone is not enough. Countries of the Himalayan 
sub-region will have to enforce adaptation policies at 
both a national and regional level in order to ensure  
that they are more resilient towards the current 
climate, less susceptible towards future climate 
impacts and, are in a position to take advantage 
of opportunities. Water efficiency, improvements 
in infrastructure development and building codes, 
drought tolerant crops, reforestation and an emphasis 
on public transport, are some adaptation strategies 
that could be promoted in the Himalayan sub-region.                      
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Economic growth within the Himalayan sub-region  
will correspond to an increasing middle-class  
population in all four countries, albeit to varying 
degrees and at a varying pace. As affluence rises, 
there will be a larger availability of disposable income, 
which will be reflected in the purchasing of material 
goods – in particular, vehicles. A study by India’s 
National Environment Engineering Research Institute 
(NEERI) revealed that vehicle traffic contributes more 
air pollution, in the form of greenhouse gases, than 
industries and biomass plants in several parts of 
India. The sheer number of vehicles on Indian roads 
contributes significantly to pollution levels in the 
country. Similarly, China’s capital receives approximately 
10,000 new cars on its roads every week, with the city 
surpassing 4 million vehicles in December 2009. India 
and China are not alone however, with Nepal and 
Bangladesh witnessing a growth in vehicular traffic, 
as opposed to the traditional, environment-friendly 
bicycle. Traffic congestion is not only taking a toll on 
the environment but is also resulting in the over-
saturation and degradation of roads. 

Checking the additional flow of vehicles on roads within 
the countries is important, particularly as GHGs and 
ABCs are believed to be responsible for the reduction 
of glaciers feeding the Himalayan sub-regional rivers. 
At the basic level and as a medium to long-term 
response, there is a need to improve public transport 
in all the four countries. While India and China are 
better-equipped than Nepal and Bangladesh, there still 
remains considerable room for improvement. Many 
Indian cities have a poor public transport infrastructure, 
resulting in a heavy dependence on private vehicles. 
The promotion of a proper public transport has to 
correspond with sustainable development practices to 
be able to curb emissions, while facilitating economic 
progress. Alternatively, and as a more immediate 
response, governments should look towards simple 
but effective measures such as making parking more 
expensive; encouraging group transport and/or ‘pay 
and ride’ options thereby limiting the number of cars 
on the road.   

In the long-term however, adaptation strategies 
revolve around preparing for the future. Countries 
in the Himalayan sub-region must acknowledge that 
as incomes rise, there will be a greater demand for 
private vehicles. It is by that measure, that cleaner and 

greener technology in the automobile industry must 
not only be developed, but also promoted, both within 
the industry and amongst the consumer. Companies 
such as Chinese automobile manufacturer BYD, claims 
to have produced an electric car which can go up to 
400 km on a single charge. The manufacturers state 
that the car, which has space for five passengers, needs 
7-8 hours with a domestic plug to charge the car, while 
specially developed charging points require one hour. 
The logistics of the car make it an attractive prospect 
for governments to promote clean and renewable 
energy. While BYD is yet to roll out on to the roads, such 
vehicles should be promoted as an alternative to those 
reliant on non-renewable energy sources. In addition, 
the governments of the Himalayan sub-region, and in 
particular China, should install a network of the fast 
chargers for the car, in an effort to promote a vehicle 
which could revolutionize the automobile world and, 
more importantly, have a significant role in reducing 
dependence on oil, thus helping to control carbon 
emissions into the atmosphere.

Water Efficiency
As this paper has repeatedly highlighted, water scarcity 
in the Himalayan sub-region could have dramatic 
consequences on China, Nepal, India and Bangladesh 
in the near future. An integral aspect to climate change 
adaptation revolves around water efficiency – a notion 
that is gaining prominence as water availability and 
the monsoons become increasingly unpredictable. As 
the region develops, there has to be a concerted effort 
at the political level, through policy initiatives, and 
by private citizen, to ensure that all new commercial 
and residential building projects are equipped with a 
grey water recycling plant and provisions for rainwater 
harvesting. 

Grey Water recycling involves treatment and re-use of 
waste-water from bathrooms and kitchens. Polluted 
water is ‘cleaned’ in a septic and chlorine tank before it 
is made available for watering plants and washing cars 
amongst other uses. Given the growing populations 
in all the four countries and the increasing demands 
for domestic water usage, recycling water for non-
essential purposes could result in long-term water 
efficiency and, help ensure availability of water for all 
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domestic needs, especially drinking and cooking needs. 
However, it is imperative for such initiatives to have 
the support and backing of respective governments, 
as there has been a reluctance to adopt such strategies 
voluntarily given the relatively high installation costs. 

In conjunction, there have to be initiatives to harvest 
rainwater. As the monsoons become more and more 
erratic in India, river pollution and droughts take hold 
in China, arsenic contamination and rising sea-levels 
impact Bangladesh and inefficient water storage and 
distribution continues to plague Nepal, there should 
be greater emphasis on more localized access to water 
resources. Rainwater harvesting provides a simple 

solution to water woes and reduces dependence 
on civic supplies. As with Grey Water recycling, the 
water can be used for non-potable purposes such as 
washing, gardening and flushing toilets. In addition, 
lesser dependence on civic authorities for water will 
not only ensure greater access to the resources, but 
will also help reduce pressure on authorities to provide 
water for domestic purposes, while creating a greater 
potential of availability for other sectors.         

It is important to note however, that water-saving 
initiatives such as rainwater harvesting and grey water 
recycling cannot be viewed as large-scale substitutes 
to long-term water availability. The responsibility and 
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Atmospheric Brown Clouds (ABCs), previously known as ‘Asian Brown 
Clouds’, are a phenomenon where layers of air pollution form a ‘brown 
cloud’ over certain regions of the earth. The ABCs are named for the brown 
stain that they appear as, when viewed from outer space. These clouds are 
made up of black carbon, organic carbon and dust, as well as anthropogenic 
aerosols (contributed by human action) such as sulphates, nitrates and fly 
ash. ABCs are formed due to the combustion of bio-fuels, biomass burning 
and burning of fossil fuels. The presence of ABCs has many side-effects; 
among them are the reduction of ultraviolet (UV) rays and the reduction of 
sunlight, an effect known as dimming. ABCs also affect monsoon patterns 
as they influence rain-clouds. Many scientists also believe that ABCs are a 
contributing factor to the changing monsoon patterns in South Asia. 

Most of the ABC hotspots in the world can be found in Asia, particularly in 
East Asia and the Indo-Gangetic Plains in South Asia. Among major cities 
in hotspot zones are New Delhi, Mumbai, Dhaka, Beijing, Shenzhen, and 
Shanghai. ABCs are also believed to have contributed to the accelerated 
melting of glaciers in the Himalayan region. Due to its effects on glaciers as 
well as rainfall, the ABC phenomenon has most certainly affected the food 
security of the South Asian and East Asian region. 

ABCs have also had a discernible impact on human health. Long-term 
exposure can cause acute and chronic illnesses, including cardiovascular 
diseases and respiratory problems. The World Health Organization estimates 
that 380,000 people in China and 407,100 people in India have died from 
indoor air pollution that can be attributed to solid fuel use. 

Atmospheric Brown Clouds (ABCs)



decision will finally rest with local authorities and 
governments to ensure adequate water supplies in the 
future. An integral step will be to revamp infrastructure 
and supply apparatus, which remains woefully lacking 
at present. Several large cities in India for instance, lose 
close to 900 million litres of water a day to thefts, leaks 
and wastage, adding up to roughly 0.33 BCM annually. 
Plugging the gaps in infrastructure will help bridge 
the shortfall in water supply. Similar initiatives must 
also be encouraged in Nepal, Bangladesh and China, 
where poor water transport facilities or lack of storage 
infrastructure, are two of the many inadequacies 
which contribute to water scarcity.

In addition, it is important to combine such measures 
with education on water-saving techniques, as 
successful adaptation will rest largely on those utilizing 
the resource. As mentioned earlier, as the middle class 
in a country grows, expectations and aspirations too 
will rise. Simple measures such as closing taps while 
brushing teeth, placing a weight in flush tanks to reduce 
water usage with every flush and, not using washing 
machines unless fully loaded, are small steps that 
should be practiced by all, especially since estimates 
suggest that 12 litres/minute is the rate at which water 
flows out of a tap, 10-15 litres is used in every flush 
and 100-150 litres is used in every washing cycle.    

Saving Electricity
An adaptation measure, which could have far-reaching 
implications for India and China and which was 
recently adopted by Bangladesh in order to maximize 
the use of daylight and reduce electricity usage, is to 
have two or more different standard times and/or to 
put back the clocks. Both China and India continue 
to have one standard time, despite the fact that the 
respective countries are geographically vast enough to 
warrant separate time zones. In India for instance, the 
sun rises and sets more than an hour earlier in the east 
of the country, than in the west. While both countries 
have had periods in their history where Daylight 
Saving Time has been observed, during the 1965 and 
1971 Indo-Pak wars and between 1986-1991 in China 
neither country has continued the practice. However, a 
decision to enforce multiple time zones could help both 
countries to cut costs and save energy, whilst being 

logistically more efficient. The decision by Bangladesh 
is expected to save the country approximately 250 
MW of electricity. As such, reduction in electricity 
consumption eases the strain on production from coal 
and hydropower, thus reducing long-term atmospheric 
pollutants.         

As the Himalayan sub-region grows increasingly 
vulnerable to climate change and the competition for 
growth-facilitating resources becomes more intense, 
each of the four countries will need to consider 
alternative and somewhat radical changes to current 
practices. People in the east of both India and China 
stay up longer – keeping lights on and using more 
electricity – through the sheer fact that they reside in 
a geographically different region. Separate time zones 
will ensure more efficient time management and help 
alleviate the costs associated with longer days and 
greater demand for resources.    

Efforts to save electricity should occur concurrently 
with the adoption of sustainable agricultural practices. 
With the agricultural sector considered an integral 
part of the economies of the Himalayan sub-region, 
there should be more initiatives that teach farmers 
to conserve water and minimize the impact on 
groundwater, by harvesting water in small man-made 
ponds on their farms. Such initiatives, being promoted 
by NGOs, help farmers to be more economically 
independent, while increasing moisture content and 
quality of soil. As a result, farmers are better equipped 
during the lean season and are thus, more likely to 
weather the negative impacts of delayed and erratic 
monsoons. As water stress becomes increasingly 
apparent as a result of climate change, efforts at the 
micro level will be crucial, and should be promoted 
across the region. 

Alternative Energy
Discussions on energy and adapting to climate change 
risks must include the possibility of shifting away 
from non-renewable energy sources and/or the 
implementation of cleaner and greener production 
practices. A major obstacle towards responding to 
climate change has been the over-dependence on 
coal-fired energy production within the Himalayan 
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sub-region, with coal accounting for 70% of China’s 
energy consumption as of 2006 and 63% in India. 
There are over 90 thermal power plants burning poor 
quality coal along the Indo-Gangetic plains. Nepal 
and Bangladesh demonstrate relatively smaller coal 
consumption patterns, although they have as much of 
a stake in India and China’s policies, on account of their 
geographical locations. Given that coal contributes 
about 60% of India’s carbon emissions, there is an 
urgent need to shift towards cleaner technologies 
as energy demands continue to rise in the region. 
Similarly, China’s efficiency is also not at the level of 
the developed world. Japan emits 418 grams of CO2 
per kilowatt hour, the US produces 625 grams, and 
India 1259 grams – as compared to a world average 
of 919 grams. In China, while there is no clear figure 
for the national level efficiency, most of the top 
ten firms in the country produce 752 grams of CO2 
per kilowatt hour. From this, it can be reasonably 
concluded that China’s efficiency is lesser than that of 
the developed world. The development of advanced 
‘ultra supercritical technology’ is expected to bring 
down CO2 emissions, with the expected result in India 
to be as much as 18%. In addition, the adoption of the 
supercritical technology reduces the consumption of 
coal in a power plant and also increases efficiency, 
both of which are needed in India and China as energy 
demands grow. 

In the long-term, lesser dependency on thermal power 
plants will not only help reduce the contribution of 
GHGs but will lessen the likelihood of the formation 
of ABCs. Collaboration between China and India to 
utilize cleaner burning coal and cleaner technology 
will help the sector to become more environmentally 
efficient. More importantly, in the immediate future, 
the reduction in soot particles will have a more rapid 
positive impact, compared to a reduction in GHG 
emissions – given that the ‘life-cycle’ of soot is a few 
days or weeks, as compared to 100 years for GHGs. 
Therefore, in the short term, the reduction of ABCs 
through mitigation strategies could be achievable.        

In conjunction, there has to be a willingness to adapt 
to alternative technologies and increase the role 
of water, wind and nuclear power. While coal will 
continue to remain an important energy source in 
the immediate future, alternative technologies must 
be viewed within a long-term time frame. The four 

countries of the sub-region have drawn up plans to 
shift towards new energy sources, although there still 
remains a considerable distance to go, for the benefits 
to be seen. Furthermore, the state of the planet has 
created an avenue whereby India and China can look 
to lead the world in clean energy production.

At SFG’s Second International Workshop at Dhaka, 
collaborative studies on the impact of climate 
change on Himalayan co-riparian countries and its 
implications on national economy and biodiversity 
of the corresponding countries were proposed. Joint 
studies on the effect of climate change on glacial 
melt for environmental degradation, and the need 
for economic modelling of climate change adaptation 
needs for physical infrastructures in the Himalayan 
sub-region were discussed. An over-arching climate 
change policy for the entire Himalayan sub-region, 
linking climate change adaptation and mitigation 
strategies with socio-economic and institutional set-
up at regional levels was also suggested.

Ultimately, responding to climate change will be 
feasible and produce favourable results only if there 
is a collective interest in tackling the costs involved. 
Governments, business and society will each play a 
responsible role in enforcing change and, there must 
be recognition at the policy level that stagnation 
of mitigation solutions on the international stage, 
should not delay adaptation practices at the regional 
and national level. The establishment of a regional 
collaborative body or, a move towards Integrated 
River Basin Management (IRBM) will ensure that each 
country has a stake in regional outcomes – be it at the 
political, scientific or economic level. Though each 
country can develop strategies on river and climate 
management independently, the benefits associated 
with pursuing IRBM collectively are likely to accrue 
well into the future.

Responding to Climate Change
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17Integrated River Basin Management

According to the Global Water Partnership, ‘Integrated river basin management (IRBM) is the process of coordinating 
conservation, management and development of water, land and other related resources across sectors within 
a given river basin, in order to maximize the economic and social benefits derived from water resources in an 
equitable manner while preserving and, where necessary, restoring freshwater ecosystems.’ It is a holistic approach 
that combines water and land management to develop and protect river basins as ecosystems. IRBM is considered 
to be a subset of Integrated Water Resources Management (IWRM). Simply put, IRBM is IWRM implemented on a 
river basin level.

Since IRBM rests on the holistic principle that river basin ecosystems including wetlands and groundwater are 
sources of freshwater, management of rivers must have as one of its central goals, maintenance of the ecosystem. 
The ‘ecosystem approach’ is a basic tenet of the Convention on Biological Diversity.

Principles of Integrated River Basin Management 
The principles that act as guidelines for creating a successful framework of the IRBM initiatives vary across different 
regions based on the trans-boundary river basin requirements. The key principles that govern the implementation 
of IRBM frameworks involve participation from diverse stakeholders, creation of water resource management based 
on hydrological boundaries, setting up of an organizational framework at the river basin level with regulations that 
can be implemented at the lowest possible level and an integrated planning approach at the river basin level to 
create transparency and accountability.

Participation of Stakeholders

This is a key principle of the integrated river basin management, especially at the decision-making level in water 
resource planning. The active involvement of diverse stakeholder groups is crucial to create environmental, 
institutional, social, technical and financial sustainability. In addition, it deals with conflict prevention by addressing 
any conflict of interest right at the start of the process. Early involvement of the stakeholders reduces the overall 
costs and the time spent on water resource planning. 

Planning based on Hydrological Boundaries

This principle identifies all types of water resources such as surface water, groundwater, glacial melt and sea water 
that feed the river basin as a single unit. In addition, this principle emphasizes the need to share data in order to 
facilitate integrated water resources planning in the river basin. A comprehensive hydrological measuring network 
for the monitoring of all types of water resources is required, along with sub-divisions based on the physical 
characteristics of the river basin, to ensure holistic planning of water resources. 
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Decentralization and integration

The principle of decentralization essentially 
guarantees effective implementation of policies with 
efficiency and transparency. Within the context of 
the IRBM, the mode of ‘functional’ decentralization 
is often applied. The decentralization is not general 
but is aimed at performing specific functions of 
administration of government authorities. This implies 
that the tasks, competencies and functions of water 
resources management are decentralized in order to 
shift responsibilities and encourage involvement and 
accountability from lower levels of administration. 

Organizational framework

The functions and competencies of river basin 
organizations may vary from country to country based 
on the physical and social characteristics. However, it 
is crucial to set up an institutional framework that has 
a clear set of regulations or standard bye-laws. These 
regulations and bye-laws should be flexible so that they 
can be modified by the lower level administration when 
local circumstances demand it. Apart from rules for 
representation and functioning, bye-laws should also 
cover aspects of water resources planning; allocation 
and registration of water rights; tariff structures and 
fee collection; fund development and application; 
monitoring arrangements; penalties and sanctioning; 
conflict resolution and appeal procedures.

One of the targeted key outputs of a system of 
integrated river basin management is the production 
of river basin plans in which the aspects of water 
quantity, water quality and environmental integrity 
are maximally integrated. Besides this, planning should 
also contain a full consideration of the interests of 
the various parties involved. It should be established 
according to procedures that enable full stakeholder 
participation in terms of decision-making. The river 
basin plan should be composed of lower level sub-
basin; catchment or watershed plans if the scale of the 
river basin makes them necessary. 

Pricing of Water

This principle implies that the price for the service 
of having access to water or being protected against 
flooding or the price of treating the discharged 

pollution is paid by the user, beneficiary or polluter. 
A comprehensive system of rights and licenses is 
required to apply effective water-pricing and to charge 
for pollution. In addition, clear water allocation criteria 
and pollution discharge standards, as well as quality 
standards for the recipient water are pre-requisites for 
successful implementation of IRBM.

Principles of Trans-boundary River Basin 
Management 

Most countries have water policies and strategies 
in place aimed at the effective implementation 
of integrated river basin management. The trans-
boundary water management frameworks rest on 
basic principles that are recognized by international 
conventions and treaties. These principles are drawn 
from Helsinki Rules (1966) and Convention on the 
Law of the Non-navigational Uses of International 
Watercourses (1997) to facilitate an integrated 
approach for trans-boundary river basin development. 
Some of the most widely-acknowledged principles by 
international conventions, agreements and treaties are 
the principles of equitable and reasonable utilization, 
obligation to not cause significant harm, principles 
of cooperation, information exchange, notification, 
consultation and peaceful settlement of disputes. 

Limited Territorial Sovereignty

This principle recognizes the rights of both upstream 
and downstream countries because it guarantees the 
right of reasonable use by the upstream country in the 
framework of equitable use by all interested parties. 
Principles of equitable and reasonable utilization and an 
obligation to not cause significant harm are part of the 
theory of limited territorial sovereignty. This principle, 
for example, has been adopted in the 1995 Agreement 
on the cooperation for the sustainable development of 
the Mekong River basin (Articles 4–7).

Notification, Consultation and 
Negotiation

The Notification, Consultation and Negotiation  
principle states that every riparian state in an 
international watercourse is entitled to prior notice, 
consultation and negotiation in cases where the 
proposed use by another riparian of a shared 
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watercourse may cause serious harm to its rights or 
interest. 

Cooperation and Information Exchange

Under this principle, each riparian state of an 
international watercourse is responsible for  
cooperation and exchange of data and information 
regarding the state of the watercourse as well as 
current and future planned uses along the water
course. This principle was incorporated in the 2002 
framework agreement of the Sava River basin.

Peaceful Settlement of Disputes

This principle advocates that all states in an inter
national watercourse should seek a settlement of 
disputes by peaceful means in case states concerned 
cannot reach agreement by negotiation. This principle 
has been incorporated in the Indus Waters Treaty 
1960.

Convention on Biological Diversity
The Convention on Biological Diversity, commonly 
referred to as the Biodiversity Treaty, defines 
biodiversity as, ‘the variability among living organisms 
from all sources including, inter alia, terrestrial, 
marine and other aquatic ecosystems and the 
ecological complexes of which they are part; this 
includes diversity within species, between species 
and of ecosystems.’ Under this, parties to the treaty 
will cooperate as far as possible and as appropriate 
with other contracting parties, directly or, where 
appropriate, through competent international 
organizations, in respect of areas beyond national 
jurisdiction. Included in the Convention are provisions 
for both ‘ex-situ conservation’, which is conservation 
of biological elements outside their natural habitats 
and ‘in-situ conservation’, which is conservation of 
ecosystems and natural habitats and the maintenance 
of species in their natural surroundings. 

The Convention provides that each party must carry 
out environmental impact assessment of projects 
and notify and consult the potentially-affected states 
prior to undertaking any project that may have a 
trans-boundary effect.  In addition, the Convention 

also provides for transfer of technology, exchange 
of results of technical, scientific and socio-economic 
research and exchange of information on specialized 
knowledge, indigenous and traditional knowledge, 
which is relevant to the conservation and sustainable 
use of biological diversity. 

China, Nepal, India and Bangladesh are all parties to 
the Convention. The Convention rests on the premise 
that each country has the sovereign right to exploit 
its own resources in accordance to the country’s own 
environmental policies, and not cause damage to the 
environment of other States or of areas beyond the 
limits of national jurisdiction. Given this, if a dispute 
arises over any issue between contraction parties, 
the Convention provides for settlement of disputes 
through negotiation and for jointly seeking request 
for mediation by a third party. Further, if the dispute 
is not resolved by negotiation or mediation, then it 
should accept compulsory arbitration or submission 
of the dispute to the International Court of Justice as 
a means of dispute settlement. Failing to do this, the 
dispute will be submitted for conciliation. 

This treaty is binding on the parties and provides 
ample scope for protection of biodiversity in China, 
Nepal, India and Bangladesh. Furthermore, in the 
absence of binding water treaties between the parties 
on trans-boundary rivers stringent application of 
this treaty will help in protecting the biodiversity of 
the lower riparian countries. Hence, this Convention 
necessitates a collaborative approach on utilization of 
water resources among the parties with shared trans-
boundary waters.

Ramsar Convention
Another important convention for managing shared 
water courses is the Ramsar Convention on Wetlands. 
This convention is an inter-governmental treaty 
that provides the framework for national action 
and international cooperation for the conservation 
and wise use of wetlands and their resources. The 
Convention requires each state to determine and 
designate the wetlands within its territory which it 
wishes to be protected under the Ramsar Convention 
and included in the aforesaid list. China, Nepal, India 
and Bangladesh are contracting parties to the Ramsar 
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convention and have 37 sites, 9 sites, 25 sites and 2 
sites respectively designated as wetlands.

Under the framework of the Ramsar Convention, 
the ‘Himalayan Wetlands Initiative’ (HWI) forum was 
adopted to ‘promote the objectives of the Ramsar 
Convention and to implement the Ramsar Strategic 
Plan through cooperation and collaboration among 
the countries sharing the greater Himalayan region 
(Hindu Kush-Himalaya and Pamir-Alay region) for the 
conservation and wise use of the wetlands and their 
complexes in the region.’ This has been endorsed by 
India, Myanmar, Nepal and Bhutan. 

The major objectives proposed by the Ramsar 
Convention for 2009-11 are:

Develop information management methodologies ||
for Himalayan wetlands;

Develop mechanisms and facilities for cooperation, ||
networking and capacity building;

Promote need-based joint research, particularly for ||
high-altitude wetlands and related river basins;

Devise and promote best practices on Himalayan ||
wetland management;

Develop a participatory communication, education, ||
participation and awareness programme for the 
Himalayan wetlands;

Build support for the implementation of Himalayan ||
wetlands conservation.

The Ramsar Convention, along with HWI is non-
binding. However, these provide a formal means for 
understanding and undertaking research of wetlands 
in the greater Himalayan region. The information 
gathered from the joint research initiatives under HWI 
can be integrated within the policy framework of the 
IRBM in order to protect as well conserve the wetlands 
in the Himalayan sub-region shared between China, 
Nepal, India and Bangladesh.

River Basin Organizations
In the past, trans-boundary rivers have mostly been 
governed through international treaties. The current 

alternatives for trans-boundary river basin governance 
are River Basin Organizations (RBOs) that have been 
based on treaties or agreements between riparian 
nations and regional cooperation initiatives such as 
the Greater Mekong Sub-region (GMS) that aim at 
sustainable economic development of the river basins. 
Over the recent decades, many different types of RBOs 
have been established. 

Countries have come up with various forms of 
governance for RBOs such as the following:

River basin commissions in People’s Republic of ||
China

River basin parliaments in France||

River basin committees in Australia||

River basin authorities in USA and Sri Lanka||

Lake basin development authority in Philippines||

Water resources and public corporations in Japan ||
and Indonesia

Inter-state RBOs like river basin tribunals in India ||
and Murray-Darling Basin Commission in Australia

International RBOs in the Mekong basin, the Syr ||
and Amu Darya basins and in the Tumen basin.

Elements of Success for River Basin 
Organizations
Legislation

For any river basin organization to be successful, it 
is essential that it enjoys support among the basin 
governments through formal instruments, for example, 
legislation. The Murray-Darling Basin Commission 
(MDBC) in Australia has one of the most developed 
environmental mandates of all RBOs. One of the 
reasons for its success is the significant political backing 
and the special legislation supporting its operation. 
Absence of this kind of binding and formal legislation 
weakens the operational capacity of international 
RBOs. The Mekong River Commission does not have 
the authority to enforce any of its provisions. The 
1995 Mekong Agreement that guides the Mekong 
River Commission lacks the legal structure necessary 



to enforce any of its provisions. Hence, it is inadequate 
and incapable of translating its aim of sustainable 
development into reality.

Good faith 

The member countries of such river basin organizations 
also need to act in good faith to ensure the success 
of the initiative. Even though the International 
Commission for the Protection of the Rhine does not 
have any legislation in place that makes its decisions 
legally binding, it is successful because its members 
generally act in good faith. 

Level of cooperation and balance of 
power

The level of cooperation among the members 
determines its success. In case there is great political 
and economic diversity among the member states,  
their goals will be different and this could make basin-
wide decision-making process difficult. Unequal 
balance of power among basin nations creates 
difficulties for a river basin organization in carrying 

out its mission. Diverse political agendas of member 
states impede unified decision-making. In the case 
of the Mekong River Commission (MRC), the diverse 
political agendas of the member states have divided 
the basin. In such cases, it is essential that a neutral 
and independent chairperson be nominated so that 
he/she can facilitate basin-wide decision-making in an 
impartial manner.

Specific and achievable goals

It is important that a river basin organization has 
specific and achievable goals. The Murray-Darling 
Basin Commission has very specific aims including a 
limit on water diversions. In the past, lack of focus on 
priority areas has many a time led to problems in the 
functioning of river basin organizations.

Transparency

For their success, river basin organizations need 
to have mechanisms to foster better transparency, 
more public participation and accountability so that  
concerns of all stakeholders are taken into con

Source: Shaofeng Jia, “How to Prepare for IBM in Himalayan Sub-regions“ presentation at Second International Workshop on 
Himalayan River Basins hosted by SFG - BIPSS at Dhaka on January 16, 2010

Rivers and Basins in Himalaya Region
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sideration during basin-wide decision-making. The 
Murray-Darling Basin Commission has established 
channels for public participation. The Nile Basin 
Initiative with 10 member-nations has included public 
participation in its discussions. Failure on the part of 
the RBOs to do this results in a failure to draw upon 
local knowledge and local support. On the other  
hand, the Mekong River Commission has failed to 
consult private and public stakeholders and has 
been criticized for its opaque handling of civil society 
concerns. 

Political Commitment

If the members do not extend strong and sustained 
commitment to the organization it affects the credibility 
of the organization. This leads to the inability of the 
river basin organization to mobilize external resources 
and implement programmes successfully.

Political instability and civil strife have adversely  
affected the functioning of many river basin 
organizations especially the ones in Africa, including 
Kagera Basin Organization and the Mano River Union.

Examples of River Commissions/
Organizations
River basin organizations have diverse aims ranging 
from joint management to allocation of water quantity 
to broader, multi-faceted goals. The Indo-Bangladesh 
Joint Rivers Commission aims at providing joint 
management for the Ganges-Brahmaputra-Meghna 
Rivers. The Helmand River Delta Commission with 
Afghanistan and Iran as its members aims at measuring 
and dividing river flows between the two signatories.

Mekong River Commission (MRC)

The Mekong River Commission (MRC) was formed 
in 1995 by an agreement between the governments 
of Cambodia, Lao PDR, Vietnam and Thailand. The 
Commission aims to carry out balanced water re-
sources development in the Mekong River basin. 
These nations agreed on the joint management of 
their shared water resources and the maximum 
development of the economic potential of the river. 

Originally, its aim was development of large-scale 
water resources. Presently, coordination between the 
four countries in the fields of hydropower, irrigation, 
flood control, and, collection and distribution of 
hydrological data are a part of the MRC’s goals. The 
MRC consists of 3 permanent bodies – The Council, 
with one member from each country at the cabinet 
or ministerial level; the Joint Committee with one 
member from each country at a level equivalent to the 
Head of Department level and the MRC Secretariat. 
The MRC is impeded by the absence of the uppermost 
riparian country to the Mekong River – China, which  
is planning significant infrastructure development on 
the upper reaches of the river within its territory. 

The International Commission for the 
Protection of the Danube River (ICPDR) 

It is a trans-national body established to implement 
the Danube River Protection Convention. The Danube 
River Protection Convention forms the overall legal 
instrument for cooperation on trans-boundary 
water management in the Danube river basin. This 
convention was signed in 1994 and came into force in 
1998. The ICPDR aims to ensure effective and efficient 
management of surface water and groundwater 
within the Danube River basin. The signatories to this 
convention have agreed to cooperate on fundamental 
water issues. The contracting parties to this convention 
are Austria, Bosnia and Herzegovina, Bulgaria, 
Croatia, Czech Republic, Germany, Hungary, Moldova, 
Montenegro, Romania, Slovakia, Slovenia, Serbia, 
Ukraine and the European Union (EU). All the countries 
have delegations to the ICPDR; there is another 
framework for other organizations to join the ICPDR. 
In 2006, the ICPDR has been nominated the platform 
for the implementation of the trans-boundary aspects 
of the European Union Water Framework Directive 
(WFD). The work for the successful implementation of 
the EU WFD is, therefore high on the political agenda 
of the countries of the Danube River basin district. 

Indus River Commission
 
The Indus Water Treaty was signed in 1960 and had 
India and Pakistan as its signatories with the World  
Bank as a third-party signatory. The Indus River 
Commission was set up under this treaty to adjudicate 
disputes related to allocation of water between the 



two nations. In cases of disagreement, a neutral 
expert is called in for mediation and/or arbitration. 
The Commission is required to meet regularly and 
has been successful in surviving wars between the 
member nations. While the Indus Basin Commission 
is commonly referred to as a successful example of 
trans-boundary cooperation to share limited water 
resources, its focus is limited to water allocation 
and data sharing. The member nations are required 
to inform each other about any plans to construct 
engineering works on the river that could affect the 
other member. The Commission’s aim does not include 
basin wide cooperation in other fields including 
hydropower, irrigation, navigation and fishing.

Amazon Cooperation Treaty Organization 

This is an international organization aiming at 
promotion of sustainable development of the Amazon 
basin. It has 8 member states – Bolivia, Brazil, Columbia, 
Ecuador, Guyana, Peru, Suriname and Venezuela. The 
Amazon Cooperation Treaty was signed in 1978 while 
the organization was formed in 1995 to achieve the 
goals of the treaty. This treaty applies to all territories 
in the Amazon River basin as well as to territories 
with similar geographic, economic and ecological 
characteristics.

Southern African Development 
Community (SADC) Protocol on Shared 
Watercourse Systems 

SADC’s signatories include Angola, Botswana, 
Lesotho, Malawi, Mozambique, Namibia, South 
Africa, Swaziland, Tanzania, Zambia and Zimbabwe. 
The overall objective of this protocol is to foster 
closer cooperation among SADC countries for the 
coordinated management, protection and utilization 
of shared watercourses, through the establishment 
of river basin organizations. This protocol is playing a 
pivotal role in guiding the establishment of institutional 
structures capable of jointly managing the depleting 
water resources in Southern Africa.

Joint Rivers Management Programme

This is an internationally-funded (EU and Technical Aid 
to the Commonwealth of Independent States (TACIS)) 

project on regional cooperation. It spans 7 countries, 
Russia, Ukraine, Belarus, Kazakhstan, Georgia, 
Armenia, and Azerbaijan; and covers 4 river basins, 
Kura, Seversky-Donetz, Tobol, and Pripyat. It addresses 
water quality management and other related pollution 
impacts in the four river basins.

Sub-regional Cooperation
Lately, the trend is shifting to sub-regional coopera-
tion initiatives that revolve around the sustainable  
economic development of a river basin. Since the 
1990s, the Mekong basin has been increasingly  
targeted for private sector investment and develop-
ment by finacial institutions. Some of the initiatives 
undertaken in the Mekong basin include: 

Greater Mekong Sub-regional (GMS) 
Cooperation

The GMS organisation was set up in 1992, with  
assistance from Asian Development Bank. The Greater 
Mekong Sub-region Program aims at promoting socio-
economic development in the region. It has 6 members 
including China, Cambodia, Vietnam, Thailand,  
Myanmar and Lao PDR. It is one of the world’s 
largest regional economic infrastructure projects 
with an estimated total cost of US $27.6 billion. 
The GMS spans 9 sectors including transport, 
energy, tele-communication, environment, human 
resource development, tourism, trade, private sector 
investment and agriculture. The GMS is an active 
organization, whose primary aim is to enable better 
dialogue and linkages between countries to achieve 
economic co-operation. As allied goals, the GMS 
also works towards developing human resources in 
the Greater Mekong sub-region and sustainable and 
equitable development of natural resources. The 
GMS has priority infrastructure projects in various  
stages of implementation worth around US $10 billion. 
It has managed to incorporate into the organisation 
various actors, including the governments of the 
countries involved, regional organizations such as 
ASEAN and APEC, amongst others, local NGOs, and 
academic institutes and universities. The GMS partners 
with various other state actors as and when required 
for specific purposes. It has managed to build trust 
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and confidence among riparian nations that were once 
at odds with each other. It has achieved increased 
economic co-operation among riparian nations in 
terms of trade, especially cross-border trade. As an 
organization, GMS is future-oriented in its thinking 
and in the initiatives it takes on, and is strongly aligned 
to the prevailing regional sentiment. 

ASEAN - Mekong Basin Development 
Cooperation (AMBDC)

Set up in 1996 for the economic development of 
the Mekong basin, AMBDC has Brunei Darussalam, 
Cambodia, China, Indonesia, Lao PDR, Malaysia, 
Myanmar, the Philippines, Singapore, Thailand and 
Vietnam as its members. Ministers of the member 
countries united in order to set up this body for the 
development of the Mekong River basin. The AMBDC’s 
objectives include the enhancing of economically-
sound and sustainable development of the basin, 
encouraging a process of dialogue which may result in 
economic partnerships resulting in mutual benefit and 

strengthening economic linkages between the ASEAN 
nations and the Mekong riparian countries.

Building Trust
The IRBM across borders acts as a means to successful 
sharing of limited and shared water resources. It forms 
a proper platform where conflict can be looked over 
in order to achieve cooperation. Fair water-sharing 
agreements have been worked out even amongst 
enemies. Thailand, Cambodia, Lao PDR and Vietnam, 
with support from the UN have been cooperating  
since 1957 under the framework of the Mekong 
Committee, now known as the Mekong River 
Commission. The Indus River Commission, established 
with support from World Bank has survived even 
the Indo-Pak wars. International water resources 
cooperation requires an institution that can develop 
a process of engagement; it requires a trusted third 
party. The discussion process takes some time since 
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the countries involved have to build trust over a 
period of time and to develop a sense of ownership 
of the process. The Indus Agreement took over 
10 years to come about. River basin organizations 
may act as catalysts for wider cooperation among 
member countries. The International Commission for 
the Protection of the Danube (ICPDR) has brought 
about cooperation among the riparian countries of 
the Danube River by reducing the division between 
Western and Eastern Europe in the post-Cold War era. 
It has been successful in strengthening democratic 
institutions in the former communist nations.

IRBM in the Himalayan Sub-region
The concept of Integrated River Basin Management 
(IRBM) is relatively new to the Himalayan sub-
region, with the four countries in question not having 
any comprehensive, binding agreements to cover 
all facets of trans-boundary river management. 
However, as pressure on water resources intensifies, 
there is a growing case for the implementation of a 
management framework that will encompass the 
economic, environmental and social aspirations of 
the Himalayan sub-region. More importantly as water 
scarcity, intensified by climate change, becomes more 
prevalent, the concept of a region-specific IRBM can 
be looked upon as a confidence-building measure 
(CBM) which brings various countries together 
through common interests, subsequently averting 
the possibility of a conflict. Ultimately, Integrated 
River Basin Management in the Himalayan sub-region 
will be conducive to the developmental realities of 
the four countries and, should be looked upon as 
an opportunity, rather than an impediment to their 
growth.

The development of an IRBM framework for the 
Himalayan sub-region must be tailored specifically 
to the requirements of those living within the area. 
While there are several examples of successful 
IRBM strategies, particularly from the developed 
world, there is still no model that can be seamlessly 
replicated to suit the hydro-geology, demographics, 
socio-economics and the organization of the water 
sector in the developing world. In addition, a model 
for the Himalayan sub-region has to account for the 

contribution of ‘green-water’ - that which comes 
from rain and soil moisture, as well as ‘blue water’ – 
that which is tapped from rivers, lakes and aquifers. 
The heavy dependence on monsoons within the sub-
region and the high levels of pollution within the rivers 
means that local water-harvesting efforts, and making 
the most of soil moisture, are important aspects to 
river resource utilization. 

River basin management will have to account for the 
‘informal’ water sectors in the rural areas, rather than 
just the traditional management of surface storage 
facilities and improving the productivity of water 
bodies. River organizations from the developed world 
have tended to different agendas, an aspect that will 
have to be altered as per the individual requirements 
of the four countries. The Himalayan sub-region’s 
goals for IRBM will primarily revolve around providing 
access to safe drinking water, food production, poverty 
eradication and, securing water resources for future 
development. As such, an IRBM framework has to be 
designed with these goals in mind.

Collaboration on the management of the Ganges 
and Brahmaputra Rivers, under the umbrella of a 
Himalayan Rivers Commission (HRC), will enable all 
four countries to tap expertise which might not have 
been available under a nationally-driven framework. 
The establishment of consultative bodies working 
on different aspects of river management is likely 
to facilitate basin-wide water development. The 
ability to seek scientific and engineering advice at 
the highest level, for the collection of hydrological 
and climatic data, flood forecasting, environmental 
management, water quality monitoring and design 
and implementation of water projects, can facilitate 
a better understanding of the river basins. The idea 
of learning from the experiences of other countries 
and gaining an insight into how they are adapting to 
various climate changes and growing water insecurity 
could be mutually beneficial. The onset of more erratic 
monsoons for instance, a problem which will affect the 
entire earth, will necessitate research and development 
of hybrid crops and more sustainable water utilization 
practices. Development of hybrid crops is currently 
being researched and implemented in India and China 
and could be shared with Bangladesh and Nepal under 
the provisions of an IRBM framework. 
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Integrated River Basin Management is a powerful 
concept that will provide good scope for the 
continuation of water-based policies regardless of 
political developments. The Indus River Commission 
serves as an example of an international agreement 
between India and Pakistan, which has continued at 
the expert level, despite conflicts between the two 
neighbours. Similarly, an IRBM framework between 
China, Nepal, India and Bangladesh will ensure that 
access to water resources from the Brahmaputra 
and Ganges is not dependent on the political climate 
between the countries – thus ensuring independence 
at the societal, economic and environmental level. This 
would also be largely beneficial to smaller countries 
and lower riparian nations, although, as has been 
previously highlighted, the intricacies binding the 
countries together on the climate change front, means 
that the future of all countries are increasingly inter-
linked. 

Joint action by the different stakeholders, particularly 
when there is an instance of mistrust, could work 
as a CBM, binding countries through their common  
interests of the Himalayan glaciers and development  
of the sub-region. As the impact of water scarcity  
grows in the Himalayan sub-region, there is a possibility 
of conflict over the issue of access to water resources. 
However, joint action on the Himalayan glacier-fed 
rivers is likely to fuel greater interdependence and 
gradually prevent or tone down conflict. Research by 
the Oregon State University reports that in the last 50 
years, only 37 disputes over water-involved violence, 
of which 30 occurred between Israel and one of its 
neighbours. Outside of the Middle East, researchers 
have found only five incidents of violence, while 157 
treaties have been negotiated and signed. Cooperation 
on water should be looked upon as a means to 
peaceful co-existence. Joint water management offers 
scope for more people-to-people and/or expert-
to-expert connections, thus creating a channel for 
peaceful dialogue, irrespective of political and military 
developments. 

There are several benefits pertaining to the water 
resources of the Himalayan sub-region which can be 
derived and eventually exploited with the aid of the 
HRC. Purchase agreements between Nepal and India 
or Nepal and China for instance, over the development 
and sale of hydro-electricity would be beneficial to all 

concerned. Similarly, purchase agreements related 
to agricultural production offers another avenue by 
which the countries can cooperate. 

The Himalayan River Commission 
(HRC) 
The Himalayan sub-region, with its complicated geo-
politics and pressing water insecurity, is in need of a 
comprehensive mechanism to address its issues, with 
specific regard to the glacier-fed rivers of the region. 
The major river systems, the Ganges River basin and 
the Brahmaputra River basin cover four countries. 
While the Ganges basin extends from Nepal, to India 
and to Bangladesh, the Brahmaputra traverses China, 
India and Bangladesh. As the water resources of these 
four countries are reducing, a solution to the water 
woes faced, that is conceived and implemented by 
just one of the countries without the participation or 
contribution of the other countries, is impossible.  

It has been established that this specific region of the 
world necessarily requires a unique and customized 
solution to help manage its complex trans-boundary 
water resources. A hybrid system of IRBM is needed 
to ensure that comprehensive solutions are found to 
existing problems, and any future issues that might 
occur are solved jointly, by all involved stakeholders. 
Such a system will facilitate interaction amongst the 
countries on river basin-related issues. 

In order to achieve any effective solutions in the area 
of IRBM, especially in light of the effects of climate  
change, a multi-disciplinary approach will be impera
tive. Due in part to the disorganized nature of the 
water sectors in the smaller countries, and in part to 
traditional thinking over water issues, the approach 
to addressing water security in Himalayan sub-region 
has always been a compartmentalized exercise. 
Water security is an independent issue by itself and 
has to be dealt with separately from food security, 
health security, conflict management, migration and 
human security issues. This approach has not reaped 
sufficient rewards as it is fundamentally at odds with 
the true nature of the issue. Since these different 
aspects of human security are vitally inter-linked, a 
comprehensive solution to problems in any one area 
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can not be found without taking all the other areas 
into consideration as well.

At Strategic Foresight Group’s Second International 
Workshop in Dhaka, the closed nature of the ‘Water 
Box’ was used by a participant to illustrate the chasm 
between the present water resources decision-
making sector and various stakeholders who are 
yet to be initiated into the process. The ‘Water Box’ 
is essentially closed and needs to be opened up to 
include stakeholders from all different sectors. 

Therefore, any sub-regional Commission intended 
to deal with integrated river basin management will 
need to function as a mechanism to co-ordinate 
the activities of various disciplines with the aim of 
producing a synchronized response to water security 
issues. This proposed new hybrid system will have 
to be a series of multi-layered ‘mini-commissions’, 
with specific foci, under the umbrella of a larger 
Himalayan Rivers Commission (HRC), of which China, 
India, Nepal and Bangladesh are member countries 
with equal rights and standing. The Commission will 
have a rotating President or Chairman, like the EU, of 
Ministers of Water Resources (or an equivalent post) 
of the four countries. It is vital that the scope of the 
Himalayan Rivers Commission (HRC) be expansive in 
order to cover not just the availability of water in the 
rivers, but also the impacts of water scarcity on other 
aspects of life in the river basins. 

As has been addressed before, each of the two 
major trans-boundary river systems will have to be 
addressed as one entire ecosystem, rather than as 
separate national entities. In order to further this 
approach, two of the organizations contained under 
the larger Commission will have to focus on each of 
the two major river basins, i.e. the Ganges and the 
Brahmaputra. Each of these organizations (RBO) will 
have their member countries as those that the specific 
river passes through, i.e. the Ganges River Basin 
Organization will have India, Nepal and Bangladesh 
as its members, while the Brahmaputra River Basin 
Organization will have China, India and Bangladesh as 
its members. The focus of these two organizations will 
be basin-specific. Each of them will have a scientific and 
technical branch, governed by and administered to by 
prominent academics and experts. The organisations 
will also have data collection branches, whose sole 

purpose will be to ensure the timely collection and 
open exchange of data pertaining to the river. Apart 
from this, each of these RBOs will have an open 
channel to the other, larger Commissions within the 
HRC, such as the ones involving agriculture, economic 
activities and glaciers. 

Apart from the River Basin Organizations, there 
will also be larger Commissions within the HRC, for 
areas of collaboration such as agriculture, economic 
activities and glaciers. Since all these are areas of 
interest for all four countries, their focus and work will 
be more expansive. All the four countries will have an 
equal stake in the work done by these Commissions. 
These Commissions will also be comprised of scientific 
and technical experts who will work on all matters 
pertaining to the Himalayan River basin system within 
the four countries. There will also be a branch devoted 
exclusively to data collection that will also extend 
across all four countries. As mentioned before, each of 
these larger Commissions will connect with the RBOs 
as and when required.

Under the umbrella of the HRC, will also be a separate 
organization for the development of the Yangtze and 
Yellow River basins. Even though both these rivers 
begin and end within sovereign Chinese territory, there 
will still be a mechanism instituted to work out joint 
solutions in order to restore the health of these rivers. 
An integrated river basin management plan that was 
proposed for the Yangtze River never came to fruition, 
thus any success that is found through the HRC can 
be replicated in China for both the Yangtze and the 
Yellow. As these are also Himalayan glacier-fed rivers, 
many of the troubles facing their basins are similar to 
the ones facing the Ganges and Brahmaputra basins, 
and an attempt to find solutions for them might yield 
solutions for the Yangtze and Yellow, and vice versa. 
Since China is a larger and significant part of the 
organization, this will also provide greater incentive 
for it to be involved. 

Due to the frequent and increasing occurrence of 
extreme weather events in China, Nepal, India and 
Bangladesh, as floods, droughts or typhoons, the 
HRC will also have an organization exclusively for the 
purpose of joint emergency response. This Emergency 
Response Organization will comprise of scientific and 
technical advisers from all countries that will work on 
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a data collection and forecasting system that will keep 
all four member countries apprised of any impending 
extreme weather event. It will also comprise of a team 
of disaster management experts that will be able to 
co-ordinate with all four countries in the event of a 
disaster, and will provide necessary information and 
aid during the event itself.

The HRC will also have a taskforce on desertification 
within its umbrella, as this is a problem confronting 
the region, and one that has a direct impact on the 
economy of the region. This taskforce will be allied 
closely to the Agriculture Commission as their work 
will be inter-linked. The aim of this taskforce will 
be to gather information and help invent solutions 
for all of the member countries in order to combat 
desertification. 
  
A vital feature of the HRC will be the frequency 
of meetings between the members of the various 
organizations under its aegis. Each of the smaller 
organizations, Commissions and branches will meet 
frequently at the academic and technical levels, as 
and when required in order to maintain constant 
communication as well as the flow of information 
and ideas. Another critical aspect of the HRC will be 
its attempt to ensure that all of the stakeholders of 
the region are represented. This will mean that NGOs, 
farmers’ unions, women’s organizations, and local 
leaders will all be invited to partner under the HRC’s 
umbrella in order to ensure the maximum results, 
with the best information possible. This aspect of the 
HRC will be extremely important, especially due to the 
different terrains, the adversity of conditions, and the 
socio-economic realities, apart from the sheer number 
of the people that live in the basin. Due to the unique 
circumstances in the Himalayan River Basins system, 
the involvement of the people that live directly off the 
land from all four countries will be necessary. 

The main function of the larger HRC will be as a forum 
to address complaints, negotiate and execute an 
implementation of joint ideas. Any of the members of 
the organizations will be able to put forth their ideas 
to the HRC in order for them to be implemented in a 
joint sustainable way within the four countries, and 
also, in a way that is politically plausible. Similarly, 
any issues or problems being faced by any of the four 
member countries or any of the organizations within 

the HRC will be brought to the attention of the HRC for 
negotiation, or mediation as and when required. This 
will be a vital function and will require experts from 
the four countries, who are aware of political realities 
on the ground, as well as have diplomatic experience. 

The HRC will also be able to bring on guest countries  
as and when the interests of the HRC intersect with  
the interests of the guest country. A workable example 
of this arrangement is the one that SAARC has with 
China. Similarly, the HRC will retain the discretion 
to invite a guest country to partner with one of 
its organizations for a specific purpose or project. 
Potential guest countries in the region include Pakistan 
and Bhutan. 

While many more elements can be added to the present 
form of the proposed Himalayan Rivers Commission 
in order to make it more inclusive, expansive and 
effective simultaneously, it will be equally important 
to strengthen the organization from the core through 
transparency and accountability. Since this will be a 
regional organization, for it be effective, it is important 
for all parties to be willing and open to invest their 
finances, manpower, technology and political capital to 
ensure that the Himalayan River Commission becomes 
not just successful but also sets an example worthy of 
being emulated.
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Annexure 1: Kathmandu Report
 

Experts Call for Himalayan Sub-Regional Cooperation
Strategic Foresight Group had organized the first international workshop on Challenges of Water Stress and 
Climate Change in the Himalayan River Basins at Hotel Dwarika’s, Kathmandu, Nepal, on August 6-7, 2009. It was 
a component of the collaborative dialogue process launched under the auspices of the Asian Security Initiative of 
John D and Catherine T MacArthur Foundation. The World Bank and International Union for the Conservation of 
Nature, Nepal, cooperated with the Strategic Foresight Group in convening the workshop, which was attended by 
leading experts on water and climate change from Bangladesh, India, China, Nepal and the World Bank, including 
former Ministers of Water Resources.

The participants overwhelmingly emphasized the need to promote Himalayan Sub-regional Cooperation to  
ensure water security and a climate of peace and progress. There is no alternative to cooperation in view of the 
retreat of glaciers, resulting decline in river flows in parts of the four countries and flooding in other parts, tectonic 
changes in the Himalayan region, sedimentation, threat to food security and the risk of increase in inequity. 

The experts expressed serious concern for paucity of climate data in mountain regions, as the present emphasis is 
on national averages which tend to be influenced by the situation in the plains. There is a risk of economic collapse 
of several mountain communities. The experts were alarmed that engineering and climate modeling techniques, 
knowledge of clouds and fog are either outdated or inadequate. 

The experts urged to overcome the present tendency to resist the sharing of scientific and technical data in a 
context where national solutions are not feasible. Several experts recommended the use of local tradition to 
preserve livelihood, action research, treatment of the eco-system as a whole involving all stakeholders, and the use 
of instruments of international cooperation such as the UN Biodiversity Convention and the Ramsar Convention. 

In brief, participants recommended building blocks of regional cooperation beginning with water dialogues, data 
sharing, and awareness building in affected communities, slowly enhancing it to the level of collaborative river 
basin management. Strategic Foresight Group announced in response that it would continue with the collaborative 
dialogue process and convene the second workshop in early 2010.

Date: 6-7 August, 2009
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Annexure 2: Dhaka Declaration

Dhaka Declaration on Water Security
Strategic Foresight Group (SFG) and Bangladesh Institute of Peace and Security Studies (BIPSS) organized the 
Second International Workshop on Himalayan Sub-regional Cooperation for Water Security in Dhaka on 15-16 
January, 2010. This is part of a long term process to build confidence and cooperation between countries that 
make up the Himalayan River Basin. 

This process is supported by the John D and Catherine T MacArthur Foundation, USA.

25 distinguished water experts from India, Bangladesh, China and Nepal, including former ministers of Water 
Resources of India, Bangladesh and Nepal, participated in the workshop. 

The following statement is made by the Conference:

Recognised 1.	 the critical significance for water security of the Himalayan River Basin.
Recommended 2.	 the formation of an experts committee to prepare a road map for data sharing and scientific 
exchange and to prepare guidelines for introducing transparency regarding relevant data.
Acknowledged3.	  the importance of a collaborative approach in addressing technical, scientific and other multi-
disciplinary aspects of the complex issues involved.
Suggested 4.	 the establishment of joint research projects involving all the countries represented to acquire, collect, 
generate and process appropriate up-to-date data for taking the process forward.
Recommended5.	  joint efforts for the exchange of data and information on flow of Himalayan Rivers in low 
season. 
Recognised6.	  the need for political commitment of the Basin countries to driving forward collective approaches 
to the challenges. 
Acknowledged7.	  the serious consequences of climate change for water security across the Basin countries and 
encouraged concerted collective action in addressing these. 
Underscored 8.	 the need to defend equal interests of all Basin countries especially the lower riparian ones. 
Understood 9.	 the potential the potential for conflict over resources, if the problems are not resolved in a 
cooperative manner.
Recommended10.	  strongly integrated cooperative Basin management mechanism for the Himalayan Basin Area. 

Sundeep Waslekar
President
Strategic Foresight Group
Date: 16 January, 2010

Major General ANM Muniruzzaman (Retd.)
President

Bangladesh Institute of Peace and Security Studies         
Date: 16 January, 2010
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