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Scope of this note 

The objective of this report is to analyse how investing in transboundary water infrastructure and 

governance contributes to sustainable and inclusive economic development, unpacking the 

assumptions being made into testable hypotheses and analysing the evidence for these 

pathways. 

Due to South Asiaôs heavy economic activity around its shared rivers, there is significant 

economic and hydrological interdependence between countries in individual basins. Recent 

investment in regional power pools supplied by hydropower has extended this to energy 

systems.  DFID is looking to understand what contribution water investments and their 

governance has for economic development in the region and the inclusivity of that growth.   

The hydrology of transboundary waters   

Transboundary waters are those water assets shared by two or more countries. This includes 

rivers, aquifers, lakes and basins. There are 263 transboundary rivers [1], 300 transboundary 

aquifers in the world, and 2 billion people depending on groundwater [2].  

The major south and southeast Asian river basins (Indus, Brahmaputra and Ganges) arise from 

the Himalayas and benefit over one billion people [3]. These rivers connect multiple countries: 

the Indus basin connects China, Afghanistan, Pakistan and India. The Brahmaputra and Ganges 

basins connect China, Bhutan, India, Nepal and Bangladesh. All three of them originate in the 

Himalayas glaciers[4], and are extremely variable with highly concentrated rainfall with the 

monsoon and frequent droughts and floods, as well as increasing monsoon breaks, more intense 

rainfall and increasing seasonal uncertainty with climate change [5, 6]. These changes are 

predicted to reduce the food security of the region and economic productivity of the region [7].  

Section 2 provides the context of these basins, covering the main hydrological processes 

associated with the Indus, Brahmaputra and Ganges basins.  

Figure 1. The major south and southeast Asian river basins  [3] 

 

Introduction 
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Transboundary water governance: shared opportunities and risks 

Economic expansion requires water, as input to generation of energy, services and agriculture, 

and to satisfy the needs of growing populations -especially in cities.  

The high seasonality in the region is matched by a high dependence on groundwater extractions 

to sustain agriculture within countries. Dependency on irrigation increases economiesô 

vulnerability to water stress and the associated risks to investments [8, 9] . For example, 

Pakistanôs economy is very exposed to water shocks (Figure 2). It lies in the upper right quadrant 

as highly water scarce yet also highly water dependent. Other basin countries are similarly 

exposed although to a lesser degree (in the case of China and India, with significant water 

resources beyond the Indus, Ganges and Brahmaputra basins).[8]  

There is indeed a strong perception of the links of water and the economy, exemplified by the 

1980s Indiaôs Finance Minister line ñevery one of my budgets was largely a gamble on rainò. New 

evidence [9] shows a degree of decoupling in the perception, mostly because agriculture is 

becoming less of a driver to the economy in some Asian countries. However, the exposures to 

drought and floods in region remains important ï see  

Figure 3.  The figure shows how poorer basins (red dots, clustered in the lower half of the chart 

which include both the Ganges and the Indus) have invested less in water security, and many 

face complex hydrologies. 

Figure 2. Comparison of water-intensive and water-scarce economies [8] 

 
Figure 3. Economic growth, hydrological variability and risk [9] 
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The transboundary nature of water means that increased water abstractions in one country 

reduce water quantity downstream; poor management of wastewaters reduces water quality 

within a country and beyond their borders; and, at basin levels, landscape interventions in a 

country that reduce water infiltration or natural storage in soil and water bodies can increase the 

severity of floods and droughts downstream.  

The way water resources are managed -either actively or through inaction- within a country will 

have impacts for neighbouring States, often leading to tensions. A global analysis of major 

transboundary basins shows that between 950-1,500 million people [10] already face some level 

of water stress due to their local water use alone, without adding the transboundary element. 

Upstream extractions resulted in substantial increases in water stress levels in some cases.   

Transboundary water in South Asia: the pathways to inclusive and 

sustainable economic development 

Water is a key input to a range of economic development opportunities with transboundary 

implications in South Asia. The seasonality and variability of rainfall mean water availability is a 

central challenge to economic development [11]. And whilst most of the water challenges in 

South Asia reflect governance and investment decisions within borders, there several issues that 

have the potential to affect relations between countries.  

This analysis focuses on the second set of issues, identified following a desk-based review and 

interviews with experts. We explore the potential pathways by which water investment and 

governance would impact inclusive and sustainable economic development in the region and 

outline how the evidence supports these pathways:    

1. Improved water allocation decisions maximise inclusive and sustainable economic benefits 

from investment (macro impacts) through strategic basin planning:  

Water governance across the basin - with shared analysis by stronger institutions collaborating 

effectively to make strategic choices in investment and allocations - underpin the potential for 

sectoral investments to maximise the collective economic development outcomes in the region 

and reduce losses from disaster impacts.  

2. Water is a vital input to electricity services (coal and hydropower), affecting cross-border 

transmission and water pollution downstream:  

Note: The horizontal axis summarizes 
hydrologic variability. The vertical axis is 
a composite indicator of investment in 
infrastructure and institutional capacity. 
The dots represent all river basins with 
populations greater than 2 million, 
coloured to indicate high (green), middle 
(yellow), and low (red) levels of GDP per 
capita (using World Bank definitions). 
The coloured contours are a linearly 
interpolated surface reflecting the 
association between variability, water 
security investments, and GDP. Source: 
Hall et al (2014) in Sadoff et al (2015). 
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Increasing hydropower for trade in the region could increase the availability and reliability of low 

cost energy. This would reduce the costs to production of goods and services, improving returns 

to businesses. If increased returns are passed on to workers through improved jobs, pay or 

through increasing energy access through grid connections, this can also have impacts on the 

inclusivity of economic development. 

With the right design and operation of hydropower networks, they offer cheap energy storage 

(pump storage) and grid stabilisation - enabling an increasing share of intermittent renewables on 

the grid. The consumptive use of water for cooling and pollution from coal power stations in water 

scarce basins reduces the quantity and quality of water available for other uses. 

3. Food security and agricultural led growth is supported by reliable and timely irrigation:  

Irrigation has implications for downstream flows due to water extractions for agriculture, 

prioritised to achieve national food security objectives, reduce flows downstream.  

Increasing water availability can also lead to farmers switching to higher value crops that are 

water hungry.  The export of these crops result in water loss to the basin. 

Cheaper irrigation can lead to overuse of water, reducing availability for other uses and 

damaging soil health.  

Reduced river flows at the coastal levels are accelerating salinity process from rising sea levels 

affecting delta health, affecting millions of coastal rice farmers and undermining fish stocks for 

fisherfolk. 

4. Water provision to rapidly growing urban centres is increasing competition for water and poor 

pollution and sewage management is reducing quality:  

Increased extractions for cities and industry and minimum standards for water treatment is 

severely affecting flows of major rivers.  

Untreated waters are used in agriculture, spreading the risks of toxins back to consumers.  

Urban water is largely a domestic challenge of allocation between users and management. 

However, during dry season, over extraction of low river flows and pollution of limited water has 

potential to create concerns with downstream neighbours. 

5. Inland waterways transport reduce the costs of cross-border trade:  

Cheaper transport for trade support regional markets.  Due to requiring sufficient water flow 

during dry season, this also protects flows to the delta with benefits for reducing salinization and 

improving coastal ecosystem functioning.  

Accumulation of sediments in these rivers with exceptionally high sediment loads reduces 

potential for waterway trade in South Asia, endangering several new cooperation agreements, or 

increasing costs due to the requirement for dredging.  

The design and regulation of waterway transport systems can be more or less inclusive 

depending on regulation and the choice of transport infrastructure. 

6. Transboundary natural capital investments reduce the cost water management and increase 

the inclusivity of economic development. 

Strategic investments in the basinôs ecology for locally managed nature-based solutions to 

supplement infrastructure reduces the cost of water resource management increasing protection 

from drought and flood.  
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Investment in locally managed natural capital also increase the potential for inclusive and 

sustainable local economies that enable the poor to be integrated into national and regional 

supply chains. 

7. Transboundary data sharing improves the quality of climate information and early-warning 

systems, which in turn have large multiplier effects on the economy: 

Quality climate information services can reduce exposure to climate extremes through better 

infrastructure design and land use planning.  

Early warning systems also reduce cost of disasters through informing citizens and climate 

sensitive sectors to take protective action. 

Better seasonal and short-term weather forecasts improves farmers agricultural decisions and 

water resource managers decisions. 
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Figure 4. Summary of cross-dependencies in key water sectors  
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Indus basin 

Hydrology 

The transboundary Indus river basin has a total area of 1.12 million km2 distributed between 

Pakistan (47 percent), India (39 percent), China (8 percent) and Afghanistan (6 percent). Very 

roughly, at least 300 million people are estimated to live in the Indus basin [12]. There are 

disputed territories in the upper catchment, such as between India and China and between India 

and Pakistan. 

In contrast to the Ganges basin that is mostly monsoon fed, the Indus receives rainfall from four 

different sources: winter rainfall coming in from the West (then stored in snow in the mountains 

until summer), the summer monsoon, tropical cyclones from the north Arabian Sea and from 

snow melt. The glaciers in this catchment do potentially perform an intra and inter-annual water 

storage function, storing winter rains that fall as snow, although this is geographically very 

variable, as explored further below.  

Box 1 shows the approximate annual flows within and across countries. These figures give an 

indication of the relative significance of each border crossing of the river. The multiplicity of 

sources, combined with weak monitoring stations in the mountains means that the hydrology of 

the system is imperfectly known, and while models exist for some sub basins, accurate models 

for the whole basin remain to be developed [13].  The figures are therefore indicative. 

Box 1. Estimated transboundary water flows in  in the Indus basin  

¶ Annual flow from China to India in the Indus basin is around 182 km3 and it is estimated that 

the flow generated within the Indian part of the watershed  is around 51 km3, resulting in a 

flow from India to Pakistan of 232 km3. Around 170 km3 of this flow are reserved for Pakistan 

and 62 km3 are available for India under the basin treaty 

¶ Total inflow from Afghanistan to Pakistan in the Indus basin is estimated at 22 km3, 16 km3 

from the Kabul river (of which 10 km3 comes from the Kunar river, which first enters 

Afghanistan from Pakistan and then flows back to Pakistan after joining the Kabul river) and 

6 km3 from other tributaries (Pansjir, Gomal, Margo, Shamal, and Kuram).  

¶ The mean annual flow into Pakistan from India through the western tributaries, the Jhelum 

and the Chenab amounts to 170 km³, that are reserved for Pakistanôs use under the Indus 

Water Treaty. The mean annual flow into Pakistan through the eastern rivers (the Ravi, the 

Beas and the Sutlej) is estimated at 11 km³ and this is reserved for India under the Treaty.  

¶ There are around 2738 km3 of water stored in glaciers in North Pakistan and 95 km3 in 

Himachal Pradesh. This is more than 10 times the average annual flow. More may also be 

stored further upstream (China/Tibet). 

Total water withdrawal in the Indus river basin is estimated at 299 km3, of which Pakistan 

accounts for 63 percent, India for 36 percent, Afghanistan for 1 percent, and China for barely 

0.04 percent. Irrigation withdrawal accounts for 278 km3, or 93 percent of the total. Surface water 

and groundwater account for 52 percent and 48 percent of total withdrawals in the Indus river 

basin respectively. 

Section 2: The basin hydrology context  
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Pakistan possesses the worldôs largest contiguous irrigation system [12], explaining the 

dominance of irrigation as a water use in the Indus basin. The irrigation network accounted for 

USD 300 billion worth of investment and contributes USD 21 billion, nearly 20 percent, to the 

country's GDP annually. It commands a full control equipped area of 15 million Ha (2008).  36 

percent is under Mangla command and 64 percent under Tarbela command and encompasses 

the Indus river and its tributaries including three large reservoirs  (Tarbela, Mangla, and 

Chashma barrage), 23 smaller barrages/ headworks/siphons, 12 inter-river link canals and 45 

canals commands extending for 60,800 km, with communal watercourses, farm channels, and 

field ditches covering another 1.6 million km3 to serve over 90,000 farmersô operated 

watercourses. This high reliance on irrigation increases the countryôs vulnerability to water stress 

and risks to investment (discussed in Figure 2 in previous section).  

Climate change and flows  

Currently available studies indicate negligible ongoing impacts of climate change on river flows in 

terms of recent mean annual water flows in the basin as a whole.  There is no indication at 

present of changing flows in the main stem of the upper Indus River [13] although a decreasing 

trend is observed on the Kabul River and in the lower stretches of the Indus Basin at Kotri 

Barrage [13]. Mean annual flows however hide changes in seasonal flows and extreme events 

that are significant for basin development and to the livelihoods of those living in the basin. 

The Indus river itself has greater glacial dependence than the Ganges and Brahmaputra.  And 

the impact of climate change on glacier dynamics is complex. Some glaciers are retreating, 

especially in the east of the basin where they face south, while some glaciers in the Central 

Karakoram are accreting (the Karakoram anomaly which is not fully understood). There is 

consensus across a range of methods that the overall contribution of glacier melt to the Indus 

river is reducing with climate change [7, 14].  However, there are widely varying estimates of the 

pace of change. A significant investment in monitoring of glacier mass-balance is required before 

definitive conclusions can be drawn. It is evident, however that temperatures in the high 

mountains are both rising (Figure 5), and rising faster at higher altitudes. By the end of the 

1990s, the 30°C isoline was 300 m higher than its position in 1981 to 1985.  

Figure 5. Mean temperature anomalies in Pakistanôs mountainous north 

 

ICIMOD has determined a number of trends in the basin and on the basis of current evidence 

projected a future flow regime as shown in Figure 6. This scenario suggests an early and more 
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sustained snow melt than presently, stretching from April to September, instead of a melt period 

coinciding with the monsoon during a shorter period from July to September. This would lead to a 

significantly earlier flood peak with potentially significant, but as yet unquantified, implications for 

irrigation development and management. These flows would need to be overlaid with storage 

capacity and seasonal water withdrawal regimes to assess their downstream impact. 

Temperature trends are, however, not necessarily consistent. Temperature records at Leh 

(Jammu and Kashmir, western Indian Himalaya ) from 2000 to 2014, showed a significant falling 

trend in maximum temperature for July (1.7 °C per decade) and August (1.3 °C per decade)[15].  

The present monitoring network does not serve the purpose of representing the heterogeneous 

mountain terrain. Climate varies between valleys and mountain tops, between aspects and 

orientation, and between different locations. To meet the optimum observational demands, at 

least 75 automatic weather stations and 35 hydrological measurement stations need to be 

installed in the mountainous parts of the watershed. 

Figure 6. Comparison of base and projected flows in the upper Indus Basin in the wake of climate change [13] 

 
 

Flooding 

In high altitude catchments (Indus and Chenab), snowmelt contributes significantly to flood flows. 

Maximum snowmelt in the Indus and Chenab basins is experienced in July and floods of high 

magnitude are generated with monsoon rainfall. The flood peaks of the different rivers do not 

usually coincide. However, when they do, widespread flooding occurs [16]. 

Flooding is a regular event along the Indus in Pakistan (Figure 7) with significant economic 

losses and regular loss of life. From 1950 to 2010, 21 major floods in Pakistanôs Indus River 

Basin killed 9,000 people, affected 110,000 villages, causing a cumulative direct economic loss 

of $19 billion [17]. Indirect losses that were not quantified included health impacts, land and 

water quality degradation, temporary disruption of transport, and the slowing down of economic 

growth [16]. 
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Figure 7. Flood losses details at national level against severe flooding years [16] 

 
 
Traditionally, flood management has relied on a large-scale investment in structural measures for 

flood containment. These include embankments, spurs, dikes, gabion walls, floodwalls, 

dispersions, diversion structures, delay action dams, bypass-structures, and channels for 

floodwaters. These seek to control the course of rivers to tackle over-bank flooding, counter land 

erosion and regulate the riverôs course. 6,700 km of embankments have been constructed along 

rivers nationwide (15). 

The reservoirs of Mangla and Tarbela are effective at storing flood water, although not if floods 

occur late in the filling season, however their storage capacity is constantly eroded by increasing 

sedimentation.  In recent years it is increasingly recognised that overtopping and breaching of 

levees is a root cause of economic damage yet a transition to integrating structural approaches 

and land use planning with natural infrastructure for flood management is taking time to develop 

[17]. The Asian Development Bank review of flood management in Pakistan concluded however 

that this was a priority:  

ñA mono-disciplinary approach based on engineering solutionsðas in the case of the 

Indus Basinðcannot fully handle hydrological cycles, ecosystems, and the security of 

people prone to flood risks. Non-structural measures such as vulnerability and risk 

assessments, floodplain zoning, and land-use planning and enforcement, are generally 

not featured in Pakistanôs flood management practices. In addition, early flood warnings 

to communities at risk, and greater flood preparedness on the part of these communities, 

have not been fully incorporated into the countryôs flood management planning. 

Appropriate non-structural measures to reduce flood vulnerability should be introducedò 

[17].  

The effectiveness of early warning systems depends on location along the river and flood 

dynamics.  From upstream to downstream, the lag time of the 2010 flood wave on the Indus river 
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was 2 days between Tarbela Reservoir and Chashma Barrage, 1 day between Chashma and 

Taunsa barrages, 7 days between Taunsa and Guddu, 4 days between Guddu and Sukkur, and 

17 days between Sukkur and Kotri [17].  

Flood warning is largely the responsibility of the Flood Forecasting Division of Pakistan 

Meteorological Department but the Water and Power Development Authority (WAPDA) also 

contributes data to improve the ability to forecast. The forecast system was set up in 1975 but 

has had maintenance challenges1. 

An agreement was signed in 1989 between India and Pakistan to share river flow and rainfall 

data for flood forecasting. India sends data on a daily basis to the Pakistan Commissioner under 

the Indus Treaty and the frequency of transmission can increase significantly during flood events.  

Droughts 

The Indus basin is drought-prone with differentiated impacts on those farmers reliant on rainfall 

fed farming versus those benefiting from irrigation.  For example, during the 1999-2002 drought, 

there was a reduction in annual rainfall with a minimum of 13% for DI Khan and a maximum of 

78% at Nawab Shah. The reduction in annual rainfall was more in the Lower Indus (34-78%) as 

compared to areas in the Upper Indus (13-26%). During the drought, overall canal diversions 

were 12-25% less than preceding years. Impact on crops was also variable with yields in Sindh 

more affected than in Punjab, with a 25% decline in annual wheat and rice yields. Impacts of 

drought were partially relieved by extensive ground water pumping, reducing waterlogging from 6 

to 2% in Punjab and 65 to 40% in the Lower Indus [18]. This improved productivity in subsequent 

years. 

The Indus deltaôs aquatic ecosystems are highly sensitive to flow reduction [17, 19]. Upstream 

dams have altered downstream water flows, reducing fish diversity and catch, such as a 47% 

decline in the shrimp catch in the ten years to 2009. The impact of dams is most significant in 

hindering the natural flows during dry seasons, when water is diverted to irrigated lands. The 

delta has also seen a 46% reduction in area under natural vegetation [19]. In 1980, the 

mangrove cover in the Delta region was 34,5000 ha whereas by the early 2000s this fell to 

15,8000 ha (FAO and UNEP 1981, PFI, 2004 reported in  [19]). 

 

                                            
1 The flood early warning system was initiated in 1975 when a real-time VHF telemetry system was introduced for 
hydrological data collection from 16 river gauges and 24 rain gauges (Ali, 2013). A total of about 40 stations were 
established at all rim stations and within the Mangla Dam catchment area. The number was gradually reduced to 
about 20 due to maintenance problems. About 22 high frequency radio sets were installed to serve as a double 
support for automatic gauging and the telemetry system as a backup for telemetry and the meteor burst system. 

The Pakistan Meteorological departmentôs Flood Forecasting Division plays a key role in flood forecasting and 
early warnings. Its flood forecasting and early warning system comprises (i) 10-centimeter, S-band, quantitative 
precipitation-measuring Doppler radar facilities in Lahore and at Mangla Dam that remotely sense rainfall over the 
catchments of the Beas, Chenab, Ravi, and Sutlej rivers; (ii) meteor burst communications for the transmission of 
the hydrometric data; (iii) 5-centimeter weather surveillance radar facilities in the cities of Dera Ismail Khan, 
Islamabad, Karachi, Rahim Yar Khan, and Sialkot; and (iv) the Indus River system mathematical model, which 
computes stream hydraulics, including stage and discharge hydrographs along the rivers, to estimate the areas 
vulnerable to inundation as a basis for the issuance of flood warnings. 
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Ganges-Brahmaputra-Meghna basin  

Hydrology 

The GBM transboundary basin covers portions of six countries and almost 2 million square 

kilometres from the high Himalayas to the Bay of Bengal (Figure 8). All three rivers converge in 

the low delta country of Bangladesh. By the time the rivers discharge into the Bay of Bengal, they 

constitute the worldôs third largest source of freshwater flow to the ocean. The Ganges flow at 

Farraka is around 525BCM annually, although accurate time series are unavailable while India 

considers flow data to be confidential [20]. All three rivers are fed by monsoon rainfall (largely 

falling between June and August) on steep mountain slopes and some glacial melt. The delta is 

the worldôs most populous river delta [21, 22]. 

Figure 8. Map: The Ganges-Brahmaputra-Meghna River Basins [22] 

 
 

Portions of both the Ganges and Brahmaputra basins lie in China, Nepal lies entirely within the 

Ganges basin. Bhutan lies entirely within the Brahmaputra basin.  Large fractions of all three 

basins lie in India.  Bangladesh lies entirely in the flat plains of the delta and 20-33% of the 

country may be affected by flooding in any one year depending on the severity of the event ( 

 

 

 

Figure 9). A small area of the catchment lies in Myanmar.  

The annual flow [23] of the Brahmaputra river basin from China to India is 165.40 km3 and from 

Bhutan to India 78 km3. The annual flow of the Brahmaputra river basin from India to 

Bangladesh is 537.24 km3. The annual flow of the Ganges river basin from China to Nepal is 

12.0 km3. All rivers in Nepal drain into the Ganges river with an annual flow of 210.2 km3 to 

India. The annual flow of the Ganges basin from India to Bangladesh is 525.02 km3. The annual 

flow of the Meghna river basin from India to Bangladesh is 48.36 km3. This gives a total annual 

GBM river basin inflow into Bangladesh from India of 1 110.6 km3. 
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Figure 9. Maximum percentage of Bangladesh flooded each year. Source [24]  

 
The Brahmaputra and Ganges rivers are characterised by local flash flooding and large slow 

onset flood events that take many days to build from tributaries flowing south from the Himalaya 

and then transit the system from the mountains to the delta. Localised intense rains lower in the 

catchment also provide significant flows and adequate drainage and protection of communities 

living on the flat Gangetic plains have long been a concern.  

The upper catchment of the Brahmaputra and Ganges is dominated by steep slopes, with thin 

soils and unstable geology. Monsoon run-off on these slopes is therefore rapid, groundwater 

recharge is limited, and erosive flows carry sediments downstream. Glaciers occur throughout 

the mountain ranges, although apart from in the upper mountain catchments, are of less 

importance for storage and river flows than in the Indus (see climate change below). 

Earthquakes are common.  The remote and inaccessible nature of the terrain makes monitoring 

of water resources (from rainfall through flows, sediments and glacial mass balance) extremely 

challenging. 

Surface and groundwater interactions are complex; however, aquifers are a significant source of 

irrigation and drinking water. The recharge dynamics are imperfectly understood. The Ganges 

Strategic Basin Assessment suggest that dams could potentially double low flows in dry months, 

but similar storage volumes could likely be obtained through better groundwater management 

[25].   

Climate change impacts on flows 

The analysis of impacts of climate change on Ganges and Brahmaputra mean annual flows has 

not proved conclusive and there remains considerable uncertainty. Total run off is not predicted 

to change significantly (Figure 10) ([7, 14, 22]) but the possibility of more extreme events and 

shift in monsoon timing to coincide more with the cyclone period may cause problems in the flood 

prone regions in India and Bangladesh. In contrast to the Indus, increased glacial melt due to 

future temperature rise is not predicted to bea significant factor in these rivers as glacial melt 




























































































