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Abstract 

This thesis explores actual and potential feasibility of investment in hydropower in the 

(ÉÍÁÌÁÙÁÎ ÒÅÇÉÏÎ ÁÎÄ #ÈÉÎÁȢ  (ÙÄÒÏÐÏ×ÅÒȭÓ ÃÁÒÂÏÎ ÆÒÅÅ ÁÎÄ ÓÕÓÔÁÉÎÁÂÌÅ ÉÍÁÇÅ has 

come under threat thanks to increasing concerns over climate change, population 

growth, and energy demand.  Existing implications and evolving externalities are 

increasingly threatening the feasibility of current and future developments.  The 

Himalayas natural water resources and high gradients make it the ideal location for 

power to be sourced through hydropower.  The scale of the Himalayas untapped 

hydropower potential encourages the argument that further investment in the resource 

would be economically feasible.  Analysis of former patterns and relationships 

associated with Himalayan hydropower takes place and evolving implications that 

threaten the productivity of future hydropower performance are applied throughout.  

River runoff is reducing in the Himalayas, threatening to decrease the efficiency of 

hydropower operation.  Reduction in water availability exacerbates water security 

concerns in the Himalayas.  Water and energy security issues are also threatened by 

ÅØÐÏÎÅÎÔÉÁÌ ÉÎÃÒÅÁÓÅÓ ÉÎ ÔÈÅ ÒÅÇÉÏÎȭs population.  Population growth is the greatest 

ÃÁÔÁÌÙÓÔ ÂÅÈÉÎÄ ÔÈÅ ÓÕÓÔÁÉÎÁÂÉÌÉÔÙ ÉÓÓÕÅÓ ÔÈÁÔ ÔÈÒÅÁÔÅÎ !ÓÉÁȭÓ ÅÃÏÎÏÍÉÃ ÇÒÏ×ÔÈȢ  4ÈÅÒÅ 

are huge pressures to sustainably accommodate this growing population through 

renewable sources. The scale of increased demand for energy however is likely to 

become more significantly met by thermal sources as the productivity of hydropower is 

set to reduce without successful mitigation attempts.  Despite environmental awareness 

increasing throughout Asia and a cooling economic climate in China, soaring energy 

needs are outpacing the expansion of climate friendly renewable power.    
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1. Introduction  

1.1. Background   

Energy secuÒÉÔÙ ÉÓ ÒÅÃÏÇÎÉÓÅÄ ÁÓ Á ÃÏÕÎÔÒÙȭÓ ability to secure sustainable energy supplies 

for itself at realistic prices (Energy Global, 2011).  Energy supply is particularly acute in 

Asia whereby energy sectors must typically grow by 2-3% over the GDP growth rate to 

simply sustain the economy (Sankar et al. 2000).  To meet growing aspirations of people 

and economies, Asia is under immense social and political pressure to secure reliable, 

sustainable, and reasonably priced energy supplies (USEA, 2012).  There are growing 

concerns of the growing supply-demand imbalance being experienced throughout Asia.  

Decades of globalisation, strong economic growth, increasing populations, and 

urbanisation have fuelled an exponential rise in energy demand (Ogutcu, 2002).  There 

has not however been any matching rise in production.  Globalisation has encouraged 

!ÓÉÁȭÓ ÃÏÎÔÒÉÂÕÔÉÏÎ ÔÏ the world economy enormously over recent decades as Asian 

economies have become more integrated with the developed world (Camdessus, 1997).  

Whilst fuelling economic growth, globalisation impacts have however contributed 

toward economic and energy disparity throughout Asia, whereby inequality is realised 

through unfair distribut ion (Francis et al. 2010). 

Emerging economies in Asia are now entering their most energy intensive phase of 

development.  In line with rising living standards, countries such as China and India are 

increasing their consumption of energy for industrialisati on, infrastructure 

construction, transportation and development (Lehmann et al. 2013).  It is estimated 

that if current trends continue, by 2030, half of future energy demand will come from 

China and India, both of which are currently net importers.  It is crucial therefore that 

Asia secures sustainable access to energy sources to meet the aspirations and demands 

of their growing middle income earners (Sankar et al. 2013).  Lehmann et al (2013), 

argue ÔÈÁÔ ÅÎÅÒÇÙ ÒÅÐÒÅÓÅÎÔÓ ÔÈÅ Ȭ!ÃÈÉÌÌÅÓ (ÅÅÌȭ ÏÆ !ÓÉÁȭÓ ÐÏÔential economic 

development.    

To help mitigate energy concerns, the South Asia Regional Initiative for Energy 

(SARI/Energy) was launched in 2000 to promote energy security through increased 

trade, investment, and access to clean sources of power (USEA, 2012).  A significant 

proportion  of Asian people has either no access to electricity at all or is undersupplied.   

Shortages of power seriously hamper !ÓÉÁȭÓ industrial and socio-economic growth 
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(Sankar et al. 2000).  In Asia there has been a sustained shift from traditional  to 

commercial sources of energy over the past two decades.   

Asia possesses significant indigenous hydropower resources (IEA, 2014).  These 

resources however have not been distributed evenly throughout the region, leading to a 

distinct lack of development.  As a result, Asia relies significantly on imported 

commercial fuels (Noronha et al. 2013).  This is a particular drain on less developed 

economies that have limited accessible capital to continue such expenditure without 

inward investment from elsewhere (Pomeranz, 2013). 

Diversifying energy supply and reducing expenditure on imports is crucial in light of 

energy security concerns.  Hydropower is the most prevalent source of renewable 

energy in the world (Kalair, 2012), and South Asia has the largest untapped potential of 

this renewable resource (World Bank, 2013).  The high specific runoff of Himalayan 

Rivers represents !ÓÉÁȭÓ key driving force behind the potential for future energy security 

within riparian nations (Rahaman, 2012).  HydrÏÐÏ×ÅÒ ÃÏÎÓÔÉÔÕÔÅÓ ςρϷ ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ 

electricity generating capacity (Knive, 2011).  The theoretical potential of world 

hydropower is about 4 times greater than the amount that has been tapped.  Tapped 

potential however will never reach the theoretical maximum level due to ever 

increasing environmental concern and political constraint (Knive, 2011). 

The feasibility of hydropower in the Himalayan region is ultimately threatened by three 

main externalities.  These include glacial melt water production, monsoon precipitation, 

and reservoir sedimentation.  Laghari (2013) explains how climate change represents 

the greatest threat to the economic feasibility of hydropower in Asia.  Seasonal melt 

waters serve as an increasing source of power for a growing number of hydroelectric 

dams along Himalayan Rivers (Harrison et al. 2012).  The stability of this natural 

resource is however becoming increasingly endangered thanks to changing hydro-

meteorological conditions and the impending realisation of the deglaciation discharge 

dividend (Collins, 2008). 

Harnessing the immense untapped hydropower potential in the Himalayas has opened 

avenues for poverty alleviation, whilst making a substantial contribution to the national 

economies (World Bank, 2013).  Trans-boundary trade is a way of achieving unmet 

demand for electricity (Knive, 2011).  Hydropower provides an opportunity for some 

countries to reduce reliance on external energy sources.  Nepal for example, which has 

only developed 2% of its technically feasible hydropower capacity, is a net importer of 

electricity  to meet shortages of 0.61 TWh annually (Knive, 2011).  A more conscientious 
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effort to utilise unharnessed capacity would enable Nepal to generate more revenue 

through increasing sales of electricity to India.  Increased energy interdependence 

improves relationships between countries and decreases risks of power shortage.  

Energy security helps to improve investment climates, fuelling economic growth.                                  

1.2. Research focus 

The purpose of this thesis is to analyse the feasibility of increased investment into 

hydropower in the Himalayan Region of Asia.   Utilising a greater percentage of the 

untapped potential that lies within the Himalayas presents economic opportunities for 

Asia that should not be overlooked.  An analysis of the externalities that act as obstacles 

to developing this feasibility has therefore been carried out.  Externalities that cover the 

economic implications of dam construction, the political and environmental constraints 

that slow progress, and the geopolitical relationships required to initiate economic 

growth that demands such an intensive consumption of energy have been analysed.  

What are the implications of climate change, population growth, and reservoir 

sedimentation on the potential feasibility of increased investment into hydropower in 

the Himalayan region of Asia? 

In answering this question, theories relating to the relationship between climate change, 

glacial melt, river discharge, and hydropower generation are discussed in detail through 

the analysis of existing stations.  More political aspects of hydropower development are 

examined with particular focus on the transboundary nature of Himalayan rivers, 

examples of water sharing agreements, and the extra environmental pressures being 

caused by exponential population growth.  The growing risk to water storage capacity is 

also considered with emphasis on the sedimentation of large reservoirs and its impact 

on water security, local irrigation, and hydroelectric power generation.  Finally, to 

undeÒÓÔÁÎÄ ÈÙÄÒÏÐÏ×ÅÒȭÓ ÐÏÔÅÎÔÉÁÌ further  to catalyse economic development, its 

impacts are considered alongside well documented economic growth models.     

1.3. Research aims  

¶ To analyse the potential contribution s of hydropower toward future 

economic growth in South Asia and South West China. 

¶ To examine environmental concerns associated with greater investment into 

Hydropower. 

¶ To assess geopolitical obstacles that impede the feasibility of hydropower 

development. 
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¶ To analyse effects of reservoir sedimentation in the Himalayas and its effects 

and implications for future hydroelectric productivity and water security.  

¶ To examine how hydropower development has evolved through time in 

reaction to changes in political attitudes and climate change. 

1.4. Importance  of this research  

The importance of this research relates to analysing current environmental and political 

implications associated with hydropower in the Himalayas and applying this knowledge 

when considering the potential future increased development of the power source. 

Trends and patterns in existing data are analysed to make educated predictions on the 

future suitability of the Himalayas as a location for increased hydropower development.          

It is important to firstly discuss how the topic has emerged from the literature.  There is 

already abundant literature concerning the geopolitical issues of the region that 

threaten to slow the development of hydropower.  Issues concerning trans-boundary 

river systems, the differing economic and political contexts of riparian nations, water 

sharing agreements, and concerns over water, food, and energy security are discussed 

plentifully.   

Despite being recognised as a real hazard to hydropower, there does however appear to 

be a short fall in literature that discusses the scale of the impact that climate change is 

having on hydroelectric generation in the Himalayas.  Climate change and hydropower 

are discussed as individual issues abundantly, however overlapping and intersecting 

research between these topics lacks detail.   

There also seems to be an insufficient understanding of reservoir sedimentation and its 

potential threat for future water and energy security.  McCully (2008) explains how 

despite more than six decades of research, sedimentation is still the most serious 

technical problem faced by dam operation.   

Understanding the relationship between climate change and its impacts over river 

discharge is essential if future projects along Himalayan rivers are to be developed 

sustainably.  Knowledge sourced from the analysis of Himalayan rivers through time 

could be used to aid future hydroelectric projects.  This is because the specifics of 

current developments are usually based on the assumption that climatic conditions have 

and continue to remain stationary.  The economic feasibility of hydropower projects 

also rests on the efficiency of production efficiency over the long term.  This is because 

the initial costs of construction are so high, making calculating the pay-back period on a 
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project crucial.  As a result, accurate forecasts need to be developed concerning future 

river discharge and consequent generating potential.   

All reservoirs lose water storage capacity to sedimentation, although rates of loss vary 

widely.  Sedimentation simply reduces the efficiency of dam operation, extending the 

payback period for each project.  Understanding the patterns and rates of sedimentation 

in individual reservoirs will help improve the feasibility of future projects.  Such 

information  will also aid the successful implementation of mitigation strategies that will 

help prevent dams from becoming rendered uneconomic.  Future costs of repairing 

turbines and intakes could also be reduced if the build-up of sediment is controlled.  

Maintenance time as a result would have less impact on generation potential. 

The relationship between hydropower, population growth, and GDP is significant.  It is 

important to  understand how each condition affects another and whether one has to be 

in place before another can develop.  For example, does a strong economy have to be in 

place before investment into hydropower can occur or must hydropower already be 

developed before economic growth can be realised?  The relationship between these 

factors is crucial in considering the conditions needed for the development of a region.  
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2. Background  

Energy security and water security are fundamental to development (World Bank, 

ςπρσɊȢ  "ÏÔÈ ÆÁÃÔÏÒÓ ÈÏ×ÅÖÅÒ ÒÅÐÒÅÓÅÎÔ ÃÏÎÔÅÎÔÉÏÕÓ ÉÓÓÕÅÓ ×ÉÔÈ ÒÅÓÐÅÃÔ ÔÏ !ÓÉÁȭÓ 

economic growth.  South Asia is one of the most prosperous regions in the world in 

terms of water; however population growth, poverty, and political conflicts are 

restricting the regions ability to use water efficiently (Dasgupta et al. 2013). 

New academic research suggests that India, Nepal, Bhutan, and Pakistan are involved in 

Á ÈÕÇÅ Ȭ×ÁÔÅÒ ÇÒÁÂȭ ÉÎ ÔÈÅ (ÉÍÁÌÁÙÁÓ ÁÓ ÔÈÅÙ ÓÅÅË ÎÅ× ÓÏÕÒÃÅÓ ÏÆ ÅÌÅÃÔÒÉÃÉÔÙ ÔÏ ÐÏ×ÅÒ 

their economies (Vidal, 2013; Dasgupta et al. 2013; Daly, 2013; and others).  The World 

Bank believes that appropriate multipurpose hydropower development can bring 

significant benefits.  These include access to electricity, diversified energy options, 

managing water scarcity, and supporting water dependent activities (World Bank, 

2013).  Considering the untapped potential within developing nations, failure to include 

hydropower in development planning for both water and energy security has risks and 

costs that cannot be overlooked (Jeuland et al. 2013).    

 

 

 

 

 

 

 

 

 

 

Hydroelectricity is the most prevalent economic source of white energy (Kalair, 2012).  

The Himalayas are an ideal location for the development of hydropower, thanks to their 

mountainous and fresh water properties.  The region is often acknowledged as being the 

third pole, with it possessing the largest reserve of fresh water outside of the Arctic and 

Figure 1: Ten of South Asia's longest and largest rivers (Pomeranz, 2013). 
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Antarctic (Bahadur, 1993).  Nations within South Asia including Nepal, Bhutan, India, 

and Pakistan are blessed with the potential to develop hydropower on an enormous 

scale, providing capital is accessible (Pomeranz, 2013).  Hydropower is often driven by a 

countries desire to reduce its reliance on fossil fuels and diversify its energy sources 

(Knive, 2011).  For lesser developed countries however it can also be used to stimulate 

economic growth, mitigate matters of water security and relieve poverty (Hangzo, 

2012).       

The countries mentioned previously have plans for more than 400 hydro dams, which if 

ÂÕÉÌÔȟ ÃÏÕÌÄ ÔÏÇÅÔÈÅÒ ÐÒÏÖÉÄÅ ÍÏÒÅ ÔÈÁÎ ρφπȭπππ-7 ÏÆ ÅÌÅÃÔÒÉÃÉÔÙ ɉ6ÉÄÁÌȟ ςπρσɊȢ  )Î 

addition to this China have plans to build more than 100 dams to generate a similar 

amount of power.  These dams are to be built on rivers such as those shown in figure 1.  

&ÉÇÕÒÅ ρ ÓÈÏ×Ó ÔÈÁÔ ÔÅÎ ÏÆ ÔÈÅ ÒÅÇÉÏÎȭÓ ÌÁÒÇÅÓÔ ÁÎÄ ÌÏÎÇÅÓÔ ÒÉÖÅÒÓ ÏÒÉÇÉÎÁÔÅ ÉÎ ÔÈÅ 

Himalayas (Pomeranz, 2013).  These rivers help provide water, food, and energy for 

nearly 4 billion people across China and South Asia (Pomeranz, 2013).  Depletion and 

diversion of these trans-border resources to meet growing industrial, agricultural, and 

urban demands however have the potential to trigger far reaching economic, social, and 

environmental challenges (Dharmadhikary, 2008). 

Due to the trans-boundary nature of the water resources in South Asia, few doubt that 

these problems have a geopolitical dimension.  This concern is provoked further by the 

consequences of climate change and the quickening pace of Chinas dam construction on 

trans-boundary rivers (Daly, 2013).  Under these circumstances it is no wonder that 

experts are questioning whether South Asia has in place bilateral and multilateral 

frameworks adequate to the task of managing increasing water and energy security 

concerns (Wirsing, 2013). 

Pomeranz (2013) explains how sustainable management of Himalayan water is 

restricted by the lack of comprehensive and effective regional frameworks for 

cooperation.  China which controls the headwaters of these rivers for example, has an 

enormous need for Himalayan water to satisfy economic and energy demands (Vidal, 

2013).  It has little incentive however in participating in formal water sharing 

agreements with its riparian neighbours (Turner et al. 2013). 

Collaboration in South Asia is frequently frustrated by competing national interests, 

economic priorities, political disputes, and weak regional organisations (Pomeranz, 

2013).  The environmental impacts of manmade diversion projects and unsustainable 

freshwater usage are also threatening.  Chinas upstream advantage, its engineering 
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capacity and its financial capabilities help ensure relative control over its water future 

(Daly, 2013).  Weaker riparian nations who struggle with high population densities, high 

poverty levels, energy security issues, and a lack of economic prospects, are however 

likely to be overpowered in their attempts for economic prosperity (Hangzo, 2012).  

Atsushi (2007) explains how weaker parties are anticipated to struggle in getting their 

interests considered.   

The broad field of this review relates to the implications associated with the 

development of Himalayan hydropower.  Climate change and population growth are 

both considered with respect to both water and energy security.  The trans-boundary 

nature of Himalayan Rivers is also reviewed with reference to the scarcity of water 

sharing agreements between nations and the ensuing political conflicts.  The efficiency 

and effectiveness of current projects is assessed with particular focus on sedimentation 

and water storage losses.  Finally the economic and environmental potential of such 

hydropower is analysed with reference of economic growth models.   

2.1. Current en ergy security concerns  

South Asia currently faces endemic shortages of electricity that threaten its industrial 

and socioeconomic growth (Sankar et al. 2013).  Within the region there is currently a 

shift occurring from traditional to commercial sources of fuel (Knive, 2011).  The shift is 

being led by India and Pakistan, where traditional fuels now contribute towards only 

30% of demand (Koch, 2012). 

Each country within South Asia is trying to evolve its own strategy to address the issue 

of energy security.  There is now a growing realisation of the need to address energy 

security from a regional perspective (USEA, 2012).  A regional approach facilitates a 

more comprehensive, cost effective, and sustainable set of solutions to the challenges of 

energy security (Sankar et al. 2013).  This is where hydropower appears to complement 

3ÏÕÔÈ !ÓÉÁȭÓ ÄÒÉÖÅ ÔÏ×ÁÒÄ ÅÎÅÒÇÙ ÉÎÄÅÐÅÎÄÅÎÃÅȢ 

Currently South Asia imports most of its oil from the Middle East, a region plagued by 

security concerns and political risk (Chellaney, 2012).  Diversifying the sourcing of fuels 

will help mitigate some of the risks associated with an overdependence on crude and 

petroleum products from the Middle East.  Increasing foreign dependency is becoming a 

growing concern in South Asia (McMillan, 2008).  Energy trade however must be a part 

ÏÆ ÔÈÅ ÓÏÌÕÔÉÏÎ ÔÏ 3ÏÕÔÈ !ÓÉÁȭÓ ÃÏÎÔÉÎÕÅÄ ÄÅÖÅÌÏÐÍÅÎÔȟ ÁÓ 3ÏÕÔÈ !ÓÉÁÎ ÃÏÕÎÔÒÉÅÓ ÄÏÎȭÔ 

possess the entire range of energy resources needed to meet its development objectives 
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(USEA, 2012).  McMillan (2008) however explains that South Asian countries face a 

stark choice between rapid economic development and energy self-sufficiency.  Both 

ÃÁÎȭÔ ÂÅ ÁÃÈÉÅÖÅÄ ÓÉÍÕÌÔÁÎÅÏÕÓÌÙȢ  4Ï ÂÅ ÐÕÔ ÍÏÒÅ ÓÉÍÐÌÙȟ ÅÎÅÒÇÙ ÓÅÃÕÒÉÔÙ ÃÁÎÎÏÔ ÂÅ 

ÆÕÌÌÙ ÁÃÈÉÅÖÅÄ ÉÆ ÅÎÅÒÇÙ ÉÎÄÅÐÅÎÄÅÎÃÅ ÈÁÓÎȭÔ ÂÅÅn reached.          

Regional trade in energy is practically non-existent in South Asia.  Longstanding 

disputes, and mistrust between countries within the region have blocked even modest 

efforts to encourage regional energy trade (Knive, 2011).  This situation is extremely 

disappointing especially when understanding the potential opportunities for these 

countries to capitalise on their trans-boundary energy resources for mutual benefit 

(Koch, 2012).  Sankar et al. (2013) explains that to effectively take control of the energy 

security concerns within South Asia, an energy sector master plan must be established, 

promoting indigenous hydropower resource development.  He also argues that this plan 

must emphasize joint development mechanisms aimed at maximising investments in 

shared energy infrastructure and resource development (Sankar et al. 2013).   

Hydropower provides an excellent opportunity for energy trade within the region to 

bridge the demand-supply gap (McMillan, 2008).  It is strongly believed that a greater 

development in hydropower would bring reductions in investment requirements, lower 

transmission losses, improve reserve margins, and enhance the reliability of supply in 

South Asia (Sankar et al. 2013).  Measuring the feasibility of such an investment 

however is far more challenging to calculate as a number of externalities threaten its 

economic impact.           

2.2. Climate change and hydropower  

#ÈÁÎÇÅÓ ÉÎ ÁÔÍÏÓÐÈÅÒÉÃ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÏÆ ȬÇÒÅÅÎÈÏÕÓÅ ÇÁÓÅÓȭ ÁÓ Á ÐÁÒÔÉÁÌ ÒÅÓÕÌÔ ÏÆ 

anthropogenic activity is predicted to cause climate change (Harrison et al. 2012).  The 

current scientific consensus predicts that under current rates of economic and 

population growth global mean temperatures will rise by 3°C by the end of this century 

(IPCC, 1998).  This is expected to be accompanied by a 15% increase in global 

precipitation levels (IPCC, 1998).  Changes are however likely to be accentuated within 

more hostile and alpine environments as they are more vulnerable to hydro 

meteorological change (Roy, 2010). 

The South Asian Monsoon system largely defines the climate and hydrology of many 

catchment systems surrounding the Himalayas (Jeuland et al. 2013).  The monsoon 

sweeps up both coasts of the Indian sub-continent until it is blocked by the Himalaya 
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mountain range (Matthew, 2013).  The monsoon delivers 80% of annual rainfall in June-

August (Dharmadhikary, 2008).  In correspondence of this, river flows in the Ganges 

basin for example rise from very low levels in May to a sharp peak in July to October, as 

shown in figure 2 (Jeuland et al. 2013). 

 

 

 

 

 

 

 

 

Figure 2 shows that base flows in the river, net of upstream abstractions in India and 

Nepal are very modest (Jeuland et al. 2013).  Flows at Farakka from January to May 

comprise just 6% of total annual flow.  Climate and hydrological variability in the 

Himalayas is also extremely high (Laghari, 2013).  This is indicated by the inconsistency 

of the time series flows shown in figure 2.  Irregular cycles of inundation and drying 

have both beneficial and destructive aspects.  High flows typically lead to increased crop 

yields and hydroelectric production, whilst short periods of rain also help to mitigate 

land subsistence (Yu et al. 2010). 

The downside of climate variability however relates to the manifestation of extreme 

floods and droughts (Jeuland et al. 2013).  Floods take a significant toll on lives and 

livelihoods, damaging infrastructure, limiting investment, and disrupting economic 

activity (Dasgupta et al. 2011).  Droughts on the other hand impact on agriculture, 

increase water scarcity, reduce hydropower output, and increase political tension.  The 

ÉÍÐÁÃÔÓ ÏÆ ÄÒÏÕÇÈÔ ÁÒÅ ÍÁÄÅ ×ÏÒÓÅ ÂÙ 3ÏÕÔÈ !ÓÉÁȭÓ ÌÁÃË ÏÆ ÓÔÏÒÁÇÅ ÃÁÐÁÃÉÔÙ ɉ3ÈÁÈ et al. 

2011).  Poor water storage infrastructure has resulted in a large dependence on climatic 

Figure 2: Historical flows at Farakka (India-Bangladesh border), flows from individual years are shown by thin 
lines (Jeuland et al. 2013). 
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behaviour, as a result of the regions incapacity to regulate runoff effectively (World 

Bank, 2013a). 

One of the most vulnerable assets of the Himalayas are its glaciers.  The glaciers in the 

Himalayas are particularly susceptible to the impacts of climate change.  Matthew 

(2013) explains how glacial retreat is occurring very quickly in the eastern and central 

Himalayas.  In the short term, as melt is enhanced, runoff first increases (Harrison et al. 

2012).  In the long term however, as mass balance reduces, the volume of melt water 

will decline, ultimately to a level that corresponds solely with precipitation (Moors et al. 

2011).  This occurs as the effect of the deglaciation discharge dividend is removed 

(Collins, 2008).  At lower elevations, climate change is also likely to affect the timing, 

location, and volume of the monsoon, adding to the variability of the results shown in 

figure 2 (Singh et al. 2005).   

Forecasting seasonal monsoon would be hugely beneficial in terms of water storage, 

energy security, management of infrastructure, and agriculture (Zhisheng et al. 2001).  

Research from the University of Reading suggests that heavy snowfall in winter and 

spring can lead to drought over India during the summer monsoon (UoR, 2010).  The 

study indicates that greater snowfall reflects more sunlight, producing a cooling over the 

Himalayas.  This in turn causes a weakening of the monsoon winds that bring rain to 

India (Turner et al. 2011).  The research suggests that reduced snowfall in light of global 

warÍÉÎÇ ×ÉÌÌ ÈÁÖÅ ÐÏÓÉÔÉÖÅ ÉÍÐÁÃÔÓ ÏÎ 3ÏÕÔÈ !ÓÉÁȭÓ ×ÁÔÅÒ ÓÅÃÕÒÉÔÙ ÉÓÓÕÅÓȢ  -ÏÒÅ 

substantial annual monsoons however may have disastrous impacts in terms of flooding 

and glacial lake outburst floods (GLOFs), potentially damaging infrastructure and water 

quality (Singh et al. 2005).       

Hydropower is by far the most established form of renewable energy (Agrawala et al. 

2003).  It is however affected by climate change to a far greater degree than any other 

renewable energy source (McDermott, 2013).  As climate change becomes more 

recognised, different regions will see changes in rainfall, greater seasonal variability in 

discharge, and a greater then lesser runoff from glaciers (Moors et al. 2011).  This 

ensures that a once predictable form of energy is now a source of concern for developing 

nations (Pomeranz, 2013).  

The Hindu Kush Karakorum Himalayan glaciers are a source of water for a quarter of 

the global population that lives in South Asia (Laghari, 2013).  Glaciers are natural stores 

and regulators of water supply to rivers, which in turn, provide water for domestic and 

industrial consumption, energy generation, and irrigation (Hamududu et al. 2012).  The 



 
 

12 
 

river Indus for example depends on glacial waters for half its flow (Roy, 2010).  Near the 

rivers source however, glaciers are thinning at an alarming rate of 0.7m per year (Kaab 

et al. 2012).  It is also predicted that more rain, rather than snow is to fall on mountains 

in the spring, causing river flows to peak before the main growing season (Wilson, 

2011).  Hydropower generation is also likely to be effected as its operation is directly 

related to a rivers runoff.  Laghari (2013) for example suggests that a 1% reduction in 

stream flow can reduce electricity output by roughly 3%. 

Traditional dam planning has always been based on the assumption that future stream 

flow patterns will mirror those of the past (Yan, 2012).  Changes in precipitation and 

increases in glacial, and snow melt have however rendered this notion as obsolete 

(Blackshear et al. 2011).  More frequent droughts could render hydropower projects 

uneconomic, while more extreme rainfall would increase the siltation of dams, reducing 

storage capacity, and increasing the risk of dam failures and flood releases (Harrison et 

al. 2012).       

 

 

 

 

 

 

 

 

Figure 3 shows the present and future assumed data concerning the runoff of Himalayan 

rivers.  The graph shows that winter months will see a slight increase in runoff whilst 

summer months will see a more reduced level of flow.  Winter runoff is higher as global 

×ÁÒÍÉÎÇ ÃÁÕÓÅȭÓ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÔÏ ÆÁÌÌ ÁÓ ÒÁÉÎ ÒÁÔÈÅÒ ÔÈÁÎ ÓÎÏ× ɉ(ÁÒÒÉÓÏÎ et al. 2012).  

Reduced summer flow however is caused by reduced summer precipitation levels and 

also by a reduction in glacial mass balance, reducing glacial melt waters (Collins, 2013).  

Weather conditions will have a direct influence on the economic and financial viability 

of hydropower projects (Rebel, 2013).  For example, as a result of changes in 

Figure 3: Predicted impact of climate change on river discharge (Harrison et al. 2012). 
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precipitation, generation rates will be higher in the spring but lower in the summer 

when energy is needed for cooling (Laghari, 2013).      

Changes in quantity and timing of runoff, together with increased reservoir 

sedimentation and evaporation will have a number of impacts on the production of 

hydroelectric power (Hamududu et al. 2012).  These include impacts upon system 

operation, financial effects, and impacts on other energy sectors (Roca, 2012).  Laghari 

(2013) explains how hydroelectric stations are characterised by low operational costs 

but high capital costs.  Many large hyÄÒÏÐÏ×ÅÒ ÄÅÖÅÌÏÐÍÅÎÔÓ ÉÎ ,$#ȭÓ ÁÒÅ ÂÕÉÌÔ ×ÉÔÈ ÔÈÅ 

intention of stimulating economic growth (Whittington et al. 1998).  This generally 

requires FDI.  Reductions in revenue thanks to reduced runoff however, may affect a 

countries ability to repay their debt, severely stressing an already weak economy 

(Mimikou et al. 1997). 

A lack of knowledge related to river discharge, precipitation and glacier mass balance is 

likely to become a problem as nations look for viable solutions to solve water and 

energy security issues (Turner et al. 2011).  Laghari (2013) explains how regional goals 

should aim to maintain stability of flow through taking measures to limit carbon 

emissions, reduce glacial melting, sustain storage capacity, and maintain hydropower 

generation (IPCC, 1998). 

2.3. Sedimentation and reduced storage capacity  

Reservoir sedimentation results from the interaction of several physical processes 

governing the upstream sediment supply and the reservoir trap efficiency (Frenette et 

al. 1996).  The sediment supply depends on the sediment source from upstream, and the 

sediment yield is controlled by the rivers morphology (McCully, 1996).  The trap 

efficiency of a dam however depends on the physical characteristics of the reservoir and 

the particle size distribution of the incoming sediment load (Frenette et al. 1996).  

Sedimentation reduces a reservoirs storage capacity.  Water supply, flood control, 

hydropower, navigation, and environmental benefits are all affected by a reservoirs loss 

of storage (Sumi et al. 2005).  The combination of sediment trapping and flow regulation 

has dramatic impacts on the ecology, transparency, sediment balance, and river 

morphology (Downs et al. 2009).  A lack of downstream sediment can also cause 

accelerated coastal erosion (McCully, 1996).  This is because clear water below a dam is 

ÓÁÉÄ ÔÏ ÂÅ ȬÈÕÎÇÒÙȭȢ  -Ã#ÕÌÌÙ ɉςπρσɊ ÅØÐÌÁÉÎÓ ÔÈÁÔ ÃÌÅÁÒ ×ÁÔÅÒ ÓÅÅËÓ ÔÏ ÒÅÃÁÐÔÕÒÅ 
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sediment load by degrading the bed and the banks of the river downstream more 

rapidly, reducing its rate of aggradation.               

McCully (1996) explains how in effect all rivers can be considered a body of flowing 

sediment as much as one of flowing water.  The proportion of a rivers total sediment 

load captured by a dam is known as its trap-efficiency.  This often approaches 100% for 

many projects, particularly those with large reservoirs (Munir, 2011).  As sediments 

accumulate in the reservoir, the dam gradually loses its ability to store water.  This is the 

case for all dams; however the rate at which this occurs varies (Lane et al. 1997).  The 

quantity of sediment carried into reservoirs is at its highest during floods.  In the USA 

for example, half of a rivers annual sediment load may be transported during only 5 to 

10 days flow (McCully, 1996).  During and after particularly violent weather conditions, 

Á ÒÉÖÅÒ ÍÁÙ ÃÁÒÒÙ ÁÓ ÍÕÃÈ ÓÅÄÉÍÅÎÔ ÁÓ ÉÔ ×ÏÕÌÄ ÉÎ ÓÅÖÅÒÁÌ ȬÎÏÒÍÁÌȭ ÙÅÁÒÓ ɉ!ÂÂÁÓ et al. 

2012).  Climate change which is predicted to increase the intensity and volatility of 

hydro-meteorological conditions is expected to have a large impact on the rate of 

reservoir sedimentation, particularly within alpine locations (Munir, 2011). 

2.3.1. Tarbela Dam (case study)                

4ÁÒÂÅÌÁ ÄÁÍ ×ÁÓ ÃÏÎÓÔÒÕÃÔÅÄ ÉÎ ÔÈÅ ρωχπȭÓ ÏÎ ÔÈÅ )ÎÄÕÓ 2ÉÖÅÒ ÉÎ ÎÏÒÔÈ ÃÅÎÔÒÁÌ 0ÁËÉÓÔÁÎ 

(Roca, 2012).  The project was conceived to help regulate the seasonal flows both for 

irrigation of the Indus and for generation of hydropower (Abbas et al. 2012).  Providing 

50% of the total irrigation releases and 30% of the total power and energy needs of 

Pakistan, Tarbela is a hugely important national resource (Tribune, 2010). 

 

 

 

 

 

 

 

 

Figure 4: Map of Tarbela dam and its catchment area (Ali et al. 2007). 
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The Indus basin upstream of Tarbela has an area of 169,650km2 (Tate et al. 2000).  Over 

90% of this lies between the Great Karakorum and the Himalayan ranges (Roca, 2012).  

Melt waters from this region contribute toward a significant proportion of annual flow 

reaching Tarbela (Sanchez et al. 2009).  The remainder of the basin lying upstream of 

the dam is subject to monsoon rainfall during July, August, and September (Ali et al. 

2007).  Runoff from the monsoon causes sharp floods of short duration which are 

superimposed on the slower responding snowmelt runoff, shown in figure 5 (Roca, 

2012).  It is important to mention that 94% of the rivers total catchment area lies 

outside of the monsoon belt, which shows how heavily the river relies on glacial and 

snow melt for its discharge (Abbas et al. 2012).   

 

 

The upper Indus River basin has one of the highest rates of sediment transport reported 

in modern literature (Meybeck, 1976).  The sediment rich water creates many water 

resource management problems.  These include problems such as reduced capacity, 

turbine damage, reduction in water quality, and transport of chemical pollutants (Ali et 

al. 2007).  An understanding of the patterns of suspended yield in the Indus is therefore 

essential for effective future water resource development (Knighton, 1998).                          

The Karakorum and Himalaya regions are examples of young mountains, subject to 

exceptionally rapid degradation (Searle, 1991).  Tectonic instability and high relief, 

combined with runoff from glaciers can also result in extremely high sediment yields 

Figure 5:  Average monthly inflow in Tarbela Reservoir as a result of both rainfall and snowmelt (Roca, 
2012). 
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(Collins et al. 1995).  In specific areas of the basin, another important factor is human 

activity involving deforestation, agriculture, and the development of infrastructure (Ali 

et al. 2007).   

2.4. Trans -boundary Issues (A Regional Paradox)  

The most important links between the countries of South Asia are its rivers 

(Dharmadhikary, 2008).  Almost every major river is a trans-boundary one.  The Indus 

River for example, originates in Tibet, travels through India and then into Pakistan, 

before eventually running into the sea (Hangzo, 2012).  Political boundaries however 

cut sharply through the region.  Areas that hold common geographical, topographical, 

and eco climatic features, may also share starkly different political and economic 

contexts (Dharmadhikary, 2008).  Nepal and Bhutan for example continue to be primary 

production economies with low industrialisation and high agricultural dependency 

(Wirsing, 2010).  Pakistan and India however are much more industrialised.  As a result, 

development policies, priorities and constraints also differ in each of the four countries 

(Prasai et al. 2013).   

China is becoming increasingly recognised as a very large player with relation to trans-

boundary conflicts in South Asia (Hangzo, 2012).  China is seen as a nation that is taking 

advantage of its commanding position as the source of trans-boundary rivers, by using 

ÉÔȭÓ ÒÉÖÅÒÓ ÁÓ Á Ȭ×ÅÁÐÏÎȭ ɉ#ÈÅÌÌÁÎÅÙ, 2011).  According to this argument, China sees its 

rivers as a means of asserting power over its lower riparian neighbours (Wirsing, 2010).  

Chellaney (2012) argues that the weaponisation of shared rivers has led to the nations 

of South Asia to engage in a race to build a great number of dams.  This race for control 

is primarily the result of all nations desire to ensure sustained economic growth 

(Hangzo, 2012). 

It is strongly believed that Chinas relationship with India is likely to determine the 

future ÏÆ ÔÈÅ ÒÅÇÉÏÎȭÓ ×ÁÔÅÒ ÓÅÃÕÒÉÔÙȟ ÁÓ ÂÏÔÈ ÃÏÕÎÔÒÉÅÓ ÁÒÅ ÔÈÅ ÒÅÇÉÏÎÓ ÈÙÄÒÏ-hegemons 

(Grey et al. 2011).  China as the upstream power particularly has the ability to control 

the quality and flow of the water that reaches riparian regions (Turner et al. 2013).   

Turner (2013) argues that China exercises its hydro-hegemony by refusing to sign water 

sharing agreements or water management treaties with lower riparian countries.  China 

also does this through pursuing unilateral actions such as building dams without 

consulting countries downstream (Hangzo, 2012).  China not only controls the 

headwaters of these rivers but it is also the most powerful state in the region 
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economically, and militarily (Turner et al. 2013).  As a result, China has little incentive to 

enter into formal cooperative water agreements with its neighbours (Wirsing, 2013).  

To meet Chinas hydropower goals the central government has proposed the 

construction of 60 medium and large dams by 2016.  These dams are primarily focused 

on rivers flowing out of the Himalayas into South and South East Asia, threatening the 

water security of downstream nations. 

A good gauge of the trans-boundary significance of rivers originating from the HKH 

region is the water dependency ratio (Turner et al. 2013).  Water dependency ratio is an 

index that measures the volume of water resources originating outside a country and 

highlights the potential vulnerability of shared waters to competing interests (Cook et 

al. 2013).  

Table 1: Water dependency ratios of countries throughout the HKH region (Munir, 2011). 

 

As shown in table 1, an examination of these ratios among multiple states in the HKH 

region reveals a sharp imbalance.  China has a dependency ratio of only 1% for example 

making it one of the most hydrologically self-reliant countries in the world (Hangzo, 

2012).  At the other end of the scale however, Bangladesh and Pakistan, which at 91% 

and 77% respectively, are two states that are most dependent on water from outside its 

borders (Cook et al. 2013). 

2.5. Water sharing agreements  

Most of the rivers of the HKH region lack any treaty among riparian countries and each 

has different and conflicting plans for development in the basin (Cook et al. 2013).  

China believes that harnessing its rivers is essential to addressing its energy and water 
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needs (Turner et al. 2013).  As a result, China builds dams on shared rivers despite 

objections from lower riparian neighbours, as it is not constrained by any legally 

binding water sharing agreements (Jayaram, 2013).  In 2006 however, China set up a 

joint expert level mechanism with India.  Within this they discussed cooperation on the 

sharing of hydrological data, emergency management, and other trans-boundary river 

issues (Hangzo, 2012).  This cooperation led to the establishment of the Himalayan 

River Commission (HRC) which focuses on the management of shared rivers (Dsouza, 

2013).  Representatives from Bangladesh, China, India, and Nepal now attend annual 

meetings as a result of the HRC, showing that there is interest in a cooperative 

arrangement (SFG, 2011). 

The Mekong River Basin Commission (MRC) is a rare example of a successful 

multila teral cooperation (see Figure 6).  The river originates in China and flows through 

Myanmar, Laos, Thailand, Cambodia, and Vietnam.  The MRC formed in 1995 aims to 

encourage balanced and coordinated developments and investments in irrigations and 

drought management, hydropower, flood management, water shed management, 

environment and tourism (Cook et al. 2013).  China in particular has agreed to share 

information on its rivers flows and dam operations.   

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Map of the Mekong River basin (Rebel, 2013). 
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Distribution of rivers is largely determined by hydro politics rather than water 

availability (Roy, 2010).  The Indus River Treaty, signed in 1960, divides the Indus River 

Basin along the India/Pakistan border.  The treaty defines the principles for sharing 

water of the Indus River between India and Pakistan (PILDAT, 2012).  Issues have been 

raised however regarding how the waters were divided to begin with.  Pakistan for 

ÅØÁÍÐÌÅ ÈÁÓ ÖÏÉÃÅÄ ÃÏÎÃÅÒÎÓ ÏÖÅÒ )ÎÄÉÁȭÓ ÐÏÔÅÎÔÉÁÌ ÔÏ ÄÉÓÒÕÐÔ ÆÌÏ×Ó ÉÎÔÏ 0ÁËÉÓÔÁÎ ÂÙ 

damming the upper reaches of the Indus (Wirsing, 2013). 

Nepal and Bhutan are uniquely positioned with respect to their upstream location and 

abundant hydropower potential (Cook et al. 2013).  The two countries share numerous 

agreements with India in relation to flood control and hydropower (Wirsing, 2013).  In 

1996 Nepal and India signed the Mahakali Treaty for integrated, multipurpose 

development of the river (Hearns, 2007).  There is growing concern however that 

)ÎÄÉÁȭÓ ÇÒÏ×ÉÎÇ ÅÎÅÒÇÙ ÄÅÍÁÎÄ ÆÏÒ ÈÙÄÒÏÐÏ×ÅÒ ÉÓ ÕÎÅÑÕÁÌ ÁÎÄ ÍÏÎÏÐÏÌÉÓÔÉÃ ɉ"ÈÕÓÈÁÌȟ 

2014).  Hearns (2007) acknowledges a lack of mechanisms used to enhance cooperation 

between Nepal and India as a significant reason for the failure of the treaties 

implementation.  It is also understood that climate change is partially to blame for the 

collapse of the treaty (Bhushal, 2014).  The realisation of a shorter rainy season and 

reduced runoff in future years made the treaties implementation even more problematic 

(Tobassum et al. 2004).      

Chinas reluctance to move in the direction of water transparency is a formidable road 

block to regional cooperation on water security (Wirsing, 2013).  In 2013 China rejected 

a proposal by India to create a new water commission between the two nations (Turner 

et al. 2013).  There are fairly strong signs however that South Asian governments are 

increasingly inclined to cooperate on the issue (Shah et al. 2013).  In April 2013, Nepal, 

India, and Bangladesh forged an important agreement to jointly exploit hydropower and 

manage water resources for mutual advantage (Mehdudia, 2013).  It is difficult to see 

how this venture can be hugely successful however without cooperation from China.                 

Research reveals that a change in environmental conditions that outpaces the capacity 

of existing institutions to cope with such change is a cause of tension (Uprety, 2012).  

Conflicts related to sharing remain unresolved due to a lack of norms to manage water 

flows and flexible mechanisms to deal with changes (Salmon et al. 2011).  Riparian 

states often feel vulnerable to rising flow variability, and favour the use of variability 

management mechanisms (Drieschova et al. 2008).  Uprety (2012) explains how it is 
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now becoming realised that trans-boundary agreements being rigid instruments 

entailing high opportunity costs for modification are less ideal compared to those that 

are more flexible. 

2.6. Economic growth models  

Geographers often seek to categorise places using a scale of development, frequently 

ÄÉÖÉÄÉÎÇ ÎÁÔÉÏÎÓ ÂÅÔ×ÅÅÎ ȬÄÅÖÅÌÏÐÅÄȭ ÁÎÄ ȬÄÅÖÅÌÏÐÉÎÇȭ ÆÏÒ ÅØÁÍÐÌÅ ɉ*ÁÃÏÂÓȟ ςπρσɊȢ  !ÌÌ 

countries aim to achieve economic growth.  Economic growth is the growth in the 

economic wealth of countries for the well-being of their inhabitants, through the 

concerted actions of policy makers and communities (SVBIC, 2011).  There have been a 

number of economic growth models developed over recent years that look to try and 

simplify the complexities of economic development.   

Economic growth depends critically on access to reliable energy (Greenstone, 2014).  In 

South Asia particularly however, connectivity remains low, supply in connected areas is 

unreliable. and carbon emissions are on the rise (McMillan, 2008).  Physics shows that 

energy is crucial for economic growth, but the mainstream theory of economic growth 

often pays no attention to role of energy (Stern, 2010). 

Howitt (2009) also explains how the principle economic models used to explain the 

growth process, do not include energy as a factor that could constrain or enable 

economic growth.  Energy is essential to all economic production.  As a result, criticism 

of growth models that ignore energy is legitimate.  Models such as the Harrod-Domar 

growth model, LewisȭÓ 3ÔÒÕÃÔÕÒÁÌ ÃÈÁÎÇÅ ÍÏÄÅÌȟ ÁÎÄ 2ÏÓÔÏ×Ó ÆÉÖÅ ÓÔÁÇÅÓ ÏÆ ÅÃÏÎÏÍÉÃ 

development are all well recognised pieces of work; however each of them does not 

include the importance of energy.  Theories that try and explain growth entirely as a 

function of energy supply are also incomplete however.           

Research by Stern (2010) suggests that long term energy availability could constrain 

economic growth.  This conclusion emphasises how critical reducing energy security has 

become.  Two models of development can however be modified to relate to whether 

hydropower could be a viable influence over issues relating to energy security.  

"ÏÓÅÒÕÐÓ ÁÎÄ -ÁÌÔÈÕÓȭÓ ÍÏÄÅÌÓ ÏÆ ÒÅÓÏÕÒÃÅ ÃÏÎÓÕÍÐÔÉÏÎ ÃÁÎ ÂÅ ÒÅÖÉÓÅÄ ÔÏ ÒÅÌÁÔÅ ÔÏ 

energy.    

Both have opposing theories on what happens when resources fall short of a 

ÐÏÐÕÌÁÔÉÏÎȭÓ ÄÅÍÁÎÄÓȢ  "ÏÔÈ ÔÈÅÏÒÉÅÓ ÐÒÉÍÁÒÉÌÙ ÒÅÌÁÔÅ ÔÏ ÔÈÅ ÓÕÂÊÅÃÔ ÏÆ ÆÏÏÄ 

consumption.  Malthus expresses a pessimistic view over the dangers of population 
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growth and claimed that food supply was the main limit to population growth 

(thinkgeog, 2008).  Malthus explained that population growth would increase demand 

on food supply, eventually reducing food production as a result of increased pressures 

over production (Reynolds, 2013).  His theory is based upon the law of diminishing 

returns (Malthus, 1798). 

"ÏÓÅÒÕÐÓ ÔÈÅÏÒÙ ÈÏ×ÅÖÅÒ ÃÁÎ ÂÅ ÓÕÍÍÅÄ ÕÐ ÂÙ ÔÈÅ ÓÅÎÔÅÎÃÅ ȬÎÅÃÅÓÓÉÔÙ ÉÓ ÔÈÅ ÍÏÔÈÅÒ ÏÆ 

ÉÎÖÅÎÔÉÏÎȭ ɉÔÈÉÎËÇÅÏÇȟ ςππψɊȢ  "ÏÓÅÒÕÐÓ ÔÈÅÏÒÙ ÓÕÇÇÅÓÔÓ ÔÈÁÔ ÄÅÍÁÎÄ ÆÏÒ ÆÏÏÄ ÁÃÔÓ ÁÓ ÁÎ 

incentive to adapt and innovate (Adnane, 2010).  As a result population growth becomes 

sustainable thanks to spark innovators improving food production methods.        

This theory of resource consumption can relate directly to issues within Asia if food 

production is replaced with energy production.  There is ever increasing concerns over 

ÍÅÅÔÉÎÇ ÇÒÏ×ÉÎÇ ÄÅÍÁÎÄÓ ÆÏÒ ÅÎÅÒÇÙȢ  -ÁÌÔÈÕÓȭÓ ÔÈÅÏÒÙ ×ÏÕÌÄ ÓÕÇÇÅÓÔ ÔÈÁÔ ÓÈÏÒÔÆÁÌÌÓ ÉÎ 

energy will prevent further population growth.  He would also argue that further 

attempts to increase production would inevitably reduce overall efficiency, reducing 

supply.  This potentially relates to the belief that the greater realisation of climate 

change will reduce the future efficiency of hydropower. 

Boserups theory however would suggest that as demand for energy increases, technical 

innovations will cover shortfalls in energy supply through improved production.  The 

development of hydropower could be viewed as this production increasing innovation.  

Hydropower in Asia can be appreciated as a very current and innovative way to more 

economically and sustainably meet growing demand.  Whether it is capable of 

continuing to meet such demand in light of increasing political and environmental 

concern is however unknown.  Boserup would argue though that sustained shortfalls 

would have to trigger further innovation to increase production, therefore potentially 

leading to a major growth in hydropower investment.    
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3. Methods  

3.1. Methodological considerations  

In light of climate change, population growth, and in some states economic poverty, 

hydropower fails to be viewed as a viable investment.  The potential opportunity for 

improved energy, water and food security however catches the interest of powerful 

political figures.  Controlling the runoff from one of the most affluent fresh water regions 

on the planet is a fantastic opportunity for Asia to more effectively accommodate 

growing populations.  Constructing dams and reservoirs along the trans-boundary 

rivers that feed South Asia could allow for economic, population, and energy growth on 

a greater scale. 

The impacts of climate change on hydropower are also analysed in detail, as hydro 

meteorological change affects the morphology of the river and the properties of the 

runoff.  This has a direct influence on the efficiency and economic significance of a 

potential hydropower investment.  Hydropower is the most prevalent source of white 

energy on the planet.  The objective of the research is to analyse how effective and 

successful a large scale investment could be in Asia considering the potential impacts of 

climate change and the demands of population growth.  This is of particular importance 

in view of large scale developments already forecast in China and India.   

Asia is a diverse hydropower market characterised by growing economies and plentiful 

resources (Trembath, 2015).  With GDP growth rates of between 4 and 8% across Asia 

the regions huge demands are being placed on countries to rapidly expand their energy 

sectors. The World Bank (2013) argues that despite contentious environmental and 

social impacts within Asia, hydropower has enormous potential to open avenues for 

growth wi thin local economies.  More recently South Asia has also been the main area of 

focus for leading figures in water and energy to gather.  In May this year the 2015 

Hydropower congress was held in Beijing for example (Trembath, 2015). Asia can also 

be seen as an appropriate case study for hydropower due to Chinas world leading 

position in relation to hydropower generation figures.  The Three Gorges Dam power 

station exceeded the world record for annual generation in 2014 (Trembath, 2015).  

Along with existing hydropower stations, China is also showing exponential intent in 

terms of further investment. This understanding is supported by the recent completion 

of the Xiluodu project on the Jinsha River which is currently ÒÅÃÏÇÎÉÓÅÄ ÁÓ ÔÈÅ ×ÏÒÌÄȭÓ 

third largest power station (Greenstone, 2014). 
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Asia is viewed as an appropriate case study due to its mountainous topography, its many 

glacier fed rivers, and its existing and proposed developments (Laghari, 2013).  

Particular focus is however aimed toward changes in the flow of the River Sutlej which 

is a tributary of the River Indus. The River Sutlej acts as an ideal case study to analyse 

due to its huge untapped hydroelectric potential and its vulnerability to environmental 

and social externalities (Miller et al. 2012).  In economically emerging regions such as 

Pakistan and India that possess economies that are closely tied to their natural resource 

base, vulnerability to the impacts of climate change are enhanced (Sharif et al. 2011).  

This accompanied by the River SutÌÅÊȭÓ alpine location makes hydÒÏÐÏ×ÅÒȭÓ ÆÅÁÓÉÂÉÌÉÔÙ 

within this  river system particularly susceptible.  

Through support from the World Bank the Indus Basin Project was initiated in 1978 in 

Pakistan in an attempt to control the unregulated flows of the Indus River (Water-

Technology, 2015).  Seasonal variations in river flow and a lack of storage reservoirs to 

conserve surplus flows causes issues in relation to both water and food security for 

Pakistan.  Within this  project existed the construction of Tarbela dam which was built to 

primarily regulate flows for irrigation use (World Bank, 2013).  It was also developed to 

achieve substantial hydroelectric generation.  Tarbela Dam can be recognised as an ideal 

case study within this thesis due to its vulnerability as a feasible economic investment. 

Mitigation strategies are also in place in attempts to prolong the ÄÁÍȭÓ life span amid 

fears over sedimentation (Schneider, 2008).  An example of this refers to the 

construction of Diamer-Basha Dam upstream of Tarbela (Water-technology, 2015).    

Finally, to help understand how the development of hydropower has changed already 

through time, dams in India are analysed in relation to completion dates and capacity.  

The locations of these dams throughout India are also examined, as is the relationship 

between the time of construction and the size of the dam.  Only the five states of India 

that border the Himalayas are used as case studies however.   

3.2. Approach       

Secondary research represents the main instrument of the background.  It also 

represents the theoretical background to which conclusions made from the research can 

be analysed against.  Secondary sources of data are also fully utilised in the practical 

part of this research. 

Runoff data has been collected from the river Sutlej in Pakistan to help assess the 

potential future of hydropower as a significant energy source.  Analysing the change in 
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runoff and timing of peak flows is important in understanding how climate change could 

impact on the efficiency of hydropower.  Understanding runoff patterns could play an 

important role in the future successful design and mitigation of hydropower, as current 

projects are still developed based on the knowledge that climate conditions have 

remained stationary. 

Data such as this was acquired through research into the World Bank, which is 

particularly helpful in terms of accessing development indicators for countries 

throughout the world.  Asia policy journals also contributed relevant data, as did the 

KNMI climate explorer which is a web application that analyses climate data statistically.  

Data such as precipitation levels and air temperature from a variety of different gauging 

stations across Asia can be sourced from this web page.  It is also possible to gain data 

relating to river discharge from this source; however this data is often irregular and 

inconsistent.  The Indian Water Portal is another statistical web page that was used.  

Data from this web page covered indices such as precipitation, air temperature, cloud 

cover, and vapour pressure for example.  This information is obviously only available for 

Indian states however. 

Primary data was not utilised throughout this research.  This is partly due to the 

hostility of the locations that would have needed to be visited, and also due to the 

magnitude of data that was already accessible online, in journals and articles, and from 

the authors tutor.  Primary data would have added greater depth to the research, 

however the time period needed to generate the desired data is too great for it to be a 

realistic option.     

3.3. Study Area 

The study area for this thesis is the Himalayan region and the downstream basins of the 

rivers that are sourced there.  The Himalayas is an 800km long mountain region that 

stretches between central Afghanistan and northern Pakistan (Daly, 2013).  The water 

resources of the region, sustain approximately 150million people.  The region is also 

shared by eight countries (Afghanistan, Bangladesh, Bhutan, China, India, Myanmar, 

.ÅÐÁÌȟ ÁÎÄ 0ÁËÉÓÔÁÎɊ ÁÎÄ ÉÎÔÅÒÌÅÁÖÅÓ ×ÉÔÈ !ÓÉÁȭÓ ÅÉÇÈÔ ÍÁÊÏÒ ÒÉÖÅÒ ÂÁÓÉÎÓ ɉ)ÎÄÕÓȟ 'ÁÎÇÅÓȟ 

Brahmaputra, Irrawaddy, Salween, Mekong, Yangtse, and Yellow River) as shown in 

figure 8.  The Himalayan region is the highest mountainous region in the world and is 

characterised by great geological, biological and cultural diversity, as well as extensive 

marginalisation and poverty amongst its people (Sticklor, 2012). 
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The Himalayan ÒÅÇÉÏÎ ÉÓ ÈÏÍÅ ÔÏ σπϷ ÏÆ ÔÈÅ ×ÏÒÌÄȭÓ ÇÌÁÃÉÅÒÓ ÁÎÄ ÉÓ ÏÆÔÅÎ ÒÅÆÅÒÒÅÄ ÔÏ ÁÓ 

ÔÈÅ ȬÔÈÉÒÄ ÐÏÌÅȭȢ  )Ô ÉÓ ÁÌÓÏ ÏÎÅ ÏÆ ÔÈÅ ÍÏÓÔ ÅÃÏÌÏÇÉÃÁÌÌÙ ÓÅÎÓÉÔÉÖÅ ÁÎÄ ÆÒÁÇÉÌÅ ÒÅÇÉÏÎÓ ÉÎ ÔÈÅ 

world.  The effects of climate change are likely to be more evident here and perhaps 

have the greatest impact, since this ecosystem supports the livelihoods of more people 

than any other coherent ecosystem in the world (Newcomb, 2013). 

Figure 7: Map of the Hindu Kush Himalayan region and the river basins that surround it (Hangzo, 2012). 

Figure 8: Google earth image of the Hindu Kush Himalayas (Google Earth, 2014) 
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Table 2 shows the glaciers and the glaciated area in the major basins on the Hindu Kush 

Himalayan region.  This information is significant considering in some circumstances 

glacial melt makes up 80% of a rivers annual runoff.    

Increases in glacial melting are projected to limit the natural water storage provided by 

expanses of snow and ice and are expected to heighten the risk of glacial lake outburst 

floods (Climate Himalaya, 2013).  Mass losses from glaciers in the Himalayas and 

accelerating reductions in snow cover are expected to ultimately reduce water supplies 

and hydropower potential.  Changes in the seasonality of flows supplied by melt water 

are also predicted.  Droughts will affect greater areas, resulting in greater reliance on 

irrigation, whilst there will also be an increased risk of flooding thanks to an increase in 

climate variability  (Vidal, 2013).   

Before research was carried out, a detailed evaluation of the Himalayan region was 

undertaken, including an analysis of its rivers, reservoirs, hydropower developments 

and the regions vulnerability to climate change.  This was done to ensure that the most 

relevant and significant case studies were analysed. 

A variety of case studies were utilised throughout this thesis in an attempt to develop a 

detailed understanding of the following relationships: 

¶ The impact of climate change on the volume and timing of river discharge; 

¶ The changing efficiency and productivity of current hydropower developments; 

¶ The change in the frequency of dam development and the relationship between 

date of completion and storage capacity;   

Table 2: Glaciers and glaciated area in the basins of the Hindu Kush Himalayan region (ICIMOD, 2011). 
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¶ Patterns and rates of sedimentation in reservoirs and its impacts on storage 

capacity and hydropower; 

¶ The feasibility of hydropower in relation to economic opportunity and the 

relationship between local GDP, population growth, and hydroelectric 

generation. 

3.4. River Discharge  

Two rivers were preferred for analysis after evaluation of the study site.  The river Indus 

and river Sutlej both possess huge hydropower potential, and supply a huge area of 

South Asia with freshwater.  They are also extremely vulnerable to the potential impacts 

of climate change.  Both are also crucial in relation to water storage, particularly in light 

of population growth and more irregular river runoff.  The majority of the research is 

however aimed at the River Sutlej thanks to an abundance of accessible data.  The River 

Sutlej is the easternmost tributary of the River Indus (figure 10).  It enters India through 

Himachel Pradesh, before heading South West to meet the river Beas in Punjab state.      

The river Sutlej is the longest of the five rivers that flow through Punjab in Northern 

India and Pakistan.  The river is 1,450km long and there are various hydroelectric 

power and irrigation projects along the river including the Kol Dam, Bhakra Dam, Baspa 

hydroelectric power project, and Nathpa Jhakri project (SANDRP, 2013).  The overall 

hydroelectric power capacity in Himachel Pradesh is evaluated to be 20,000MW of 

which around 50% is from the Sutlej valley (Shukla, 2014). 
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Discharge data has been sourced from two different gauging stations along the River 

Sutlej.  These include Khab and Rampur stations (shown in figure 11).  Comparing 

discharge data at different locations helps to develop a more detailed understanding of 

where the greatest changes are being realised and how change differs with distance 

from a rivers source.  Air temperature and precipitation levels over the Sutlej river 

catchment are also analysed so that any correlations between discharge and hydro-

meteorological change can be discussed.  It is particularly important that variations in 

discharge are analysed along the river Sutlej as it feeds Bhakra dam, which is essential in 

India thanks to its storage capacity and hydroelectric generation potential.    

 

 

Figure 9: Map of the River Indus basin, showing the location of the River Sutlej tributary (Abbas et al. 2012) 
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Khab Gauging Station Tarbela Dam 

Rampur Gauging Station 

Bhakra Dam 

Figure 10: Google earth image showing the locations of the stations where data has been sourced from (Google 
Earth, 2014) 

3.5. Changing philosophy toward Indian dam construction  

India was chosen for this area of research because of the large level of access to data 

concerning dam size, completion dates, dam locations, and storage capacity.  Similar 

data for dams within Pakistan for example was not available.  To study dams that are 

more relevant to the research, developments from only within the five Himalaya 

bordering states of India have been utilised.  These states include Arunachel Pradesh, 

Himachel Pradesh, Jammu &Kashmir, Sikkim, and Uttarakhand.   

 
Figure 11: Map showing the location of the five Indian states that border the Himalayas (Harmon, 2011). 
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Within this section of research, the number of dams that exist within the five bordering 

states is displayed.  The years in which these dams were built are also presented and the 

storage capacities of the dams that exist within these states are shown.  Finally, the 

relationship between the size of dams and the year in which they were built is displayed 

so that any change in dam building philosophy can be understood.  Understanding how 

dam building has changed already through time will make it easier to make predictions 

on how dams are likely to look and be developed in the future.            

3.6. Changing efficiency of current hydropower  

To understand how hydropower is already changing in South Asia as a result of 

externalities it is important to first analyse how existing hydropower has changed.  For 

this area of research three rivers were studied.  These include the river Sutlej, river 

Indus, and river Chenab.  All rivers have been heavily developed in terms of generation 

capacity and water storage.   The locations of all three rivers can be understood through 

figure 10.  Both the river Indus and Sutlej have already been discussed however the 

river Chenab is only referred to in this section of research.  The river Chenab is also a 

tributary of the river Indus.  It forms in Himachel Pradesh, flows through Jammu & 

Kashmir and then into Punjab.  The waters of Chenab are completely allocated to 

Pakistan under the terms of the Indus water treaty.   

The following two figures show maps of all the proposed hydroelectric projects within 

both the river Sutlej and river Chenab.  These figures show where along these river 

catchments that projects exist and where they are being proposed to be built.  The 

figures help to demonstrate the scale in which development has already occurred along 

these catchments and the remaining potential for future investment.  These figures have 

also allowed the author to demonstrate to the reader how important each of these river 

catchments is in terms of energy production and future energy security prospects. 
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 Figure 12: Map showing the commissioned, under construction, and proposed hydroelectric project along the River Sutlej basin (Mehta, 2011) 








































































































































































