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Hydrological Engineering and Ecological Risk in the Eastern Himalayas:
Assessing China’s Water Diversion Strategy

Yogesh Nair

Abstract

The Eastern Himalayas have emerged as a critical arena where river engineering, ecological
vulnerability, and geopolitical strategy converge. China’s hydropower expansion and prospective
diversion project on the Yarlung Tsangpo (upper Brahmaputra) mark a significant transformation of
a major transboundary river. Although presented as measures to advance clean energy, economic
growth, and climate resilience, these projects carry serious downstream implications for India and
Bangladesh. This article assesses China’s approach through the combined perspectives of ecological
risk and hydro-politics.

Using the frameworks of hydro-hegemony, environmental security, and basin governance, the article
examines how dams, cascade projects, and possible inter-basin transfers may reshape sediment
transport, river dynamics, biodiversity, and seasonal flows. The Himalayas’ fragile setting, marked
by seismic sensitivity, glacier-fed systems, and delicate ecosystems heightens the environmental
risks of intensive engineering. Altered flow patterns could aggravate flooding, increase erosion,
disturb aquatic habitats, and threaten the livelihoods of downstream communities.

Beyond environmental impacts, the article places these interventions within a strategic context.
Control over upstream waters provides not only developmental advantages but also structural
influence in regional politics. The lack of a binding water-sharing framework between China and
downstream countries deepens uncertainty and constrains formal dispute-resolution mechanisms.
Drawing lessons from other international basins, the study highlights the importance of transparency,
cooperative governance, and climate-responsive planning.

It concludes that reducing ecological risk in the Eastern Himalayas demands integrating scientific
understanding with long-term strategic planning. Effective river governance must balance
development goals with ecological sustainability and regional stability. Without institutional
cooperation and durable safeguards, upstream hydrological expansion in the Brahmaputra basin
could intensify geopolitical tensions rather than promote shared prosperity.
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Brahmaputra River; hydrological engineering; water diversion; hydro-hegemony; ecological risk;
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Introduction

The Eastern Himalayas form one of the most dramatic and ecologically sensitive landscapes on the
planet.! Snow-clad summits, steep valleys, dense forests, and braided river systems together create a
region that is both breathtaking in scale and critical to human survival. This mountain system feeds
some of Asia’s largest rivers, sustaining agriculture, fisheries, hydropower generation, and cultural

! International Centre for Integrated Mountain Development (ICIMOD). (2019). The Hindu Kush Himalaya assessment:
Mountains, climate change, sustainability and people. ICIMOD
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traditions across China, India, Bhutan, and Bangladesh.? At the heart of this network flows the
Yarlung Tsangpo, also known as the Brahmaputra when it descends into India, a river distinguished
not only by its length and discharge, but by the complex terrain and climatic zones it traverses.
Rising from the Tibetan Plateau, carving the world’s deepest gorge near Namcha Barwa, and flowing
through one of the most seismically active belts on Earth, the river represents a dynamic interplay
between geology, hydrology, and human settlement.?

For centuries, the Brahmaputra has shaped civilizations and ecosystems alike. Its annual floods
replenish fertile plains in Assam, sustain wetlands rich in biodiversity, and support millions of
livelihoods dependent on farming, fishing, and riverine trade.* At the same time, its powerful
currents and shifting channels make it one of the most unpredictable rivers in the world. This
inherent dynamism has historically required societies along its banks to adapt rather than attempt
large-scale control. In recent decades, however, advances in engineering technology and growing
energy demands have encouraged a different approach, one that seeks to harness and regulate the
river’s immense potential.

China’s hydrological interventions on the upper reaches of the Yarlung Tsangpo mark a significant
shift in the river’s trajectory. Large hydropower dams, cascade projects, and proposals for inter-basin
water diversion are intended to generate renewable energy, enhance water management, and support
regional development in Tibet.> While these objectives align with broader national priorities such as
carbon neutrality and economic modernization, they also introduce new variables into a fragile
ecological system. River engineering at such scales can alter sediment transport, modify seasonal
flow patterns, and affect aquatic habitats in ways that extend far beyond national boundaries. Given
the river’s transboundary character, upstream decisions inevitably carry downstream consequences.
The ecological sensitivity of the Eastern Himalayas magnifies these concerns. The region is
characterized by glacial-fed hydrology, intense monsoonal rainfall, high biodiversity, and significant
seismic instability. Even minor alterations in water discharge or sediment load can trigger cascading
environmental effects, including increased erosion, habitat fragmentation, and heightened flood
vulnerability.® Climate change further compounds these risks by accelerating glacial melt and
amplifying extreme weather events. In this context, hydrological engineering is not merely an
infrastructure issue; it becomes an environmental security challenge with regional implications.

This article explores the scope and intent of China’s hydrological engineering strategies on the
Yarlung Tsangpo and assesses the ecological risks associated with them. It moves beyond technical
descriptions of dams and diversion channels to situate these projects within broader debates on
hydro-politics, environmental governance, and strategic stability. By integrating scientific analysis
with geopolitical assessment, the study seeks to illuminate how large-scale infrastructure
development can reshape not only river systems but also patterns of regional cooperation and
competition. In doing so, it offers a comprehensive understanding of how engineering ambition and
ecological vulnerability intersect in one of the world’s most complex and consequential river basins.

2 Molden, D., et al. (2014). The role of the Himalayas in sustaining Asian water systems. Mountain Research and
Development, 34(3), 197-206.

% Shroder, J. F., & Owen, L. A. (2006). Himalayan tectonics and geomorphic evolution. Geomorphology, 76(1-2), 1-3.

4 Singh, R. L. (1971). India: A regional geography. National Geographical Society of India.

5 Zeitoun, M., & Warner, J. (2006). Hydro-hegemony: A framework for analysis of transboundary water conflicts. Water
Policy, 8(5), 435-460.

& Intergovernmental Panel on Climate Change (IPCC). (2022). Sixth assessment report: Impacts, adaptation and
vulnerability. IPCC.
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The Eastern Himalayas: Geography and Hydrology

The Eastern Himalayas constitute one of the most complex and environmentally delicate mountain
systems in the world. Geologically young and still rising due to the ongoing collision between the
Indian and Eurasian tectonic plates, the region is marked by active fault lines, steep gradients, and
unstable slopes. This tectonic dynamism makes it especially prone to earthquakes, landslides, and
erosion.” In recent decades, the additional threat of glacial lake outburst floods (GLOFs) triggered by
the rapid melting of glaciers and the sudden release of accumulated meltwater has heightened
concerns about the stability of mountain hydrology.® The terrain is therefore not only dramatic in
appearance but inherently volatile in structure.

Hydrologically, the Brahmaputra basin reflects a unique convergence of climatic and cryospheric
influences. Its waters are sustained by a combination of Himalayan glacier melt, intense monsoon
rainfall, snowmelt, and groundwater recharge.® Seasonal variations are pronounced: discharge levels
swell dramatically during the monsoon months and decline significantly in winter. Interannual
variability further complicates the picture, as fluctuations in precipitation and temperature influence
both river volume and sediment load.'® Over centuries, these natural cycles have shaped floodplains,
wetlands, and braided channels, creating ecosystems that depend on periodic inundation and
sediment deposition. Human settlements in the basin have evolved in adaptation to these rhythms,
developing agricultural systems and cultural practices aligned with the river’s seasonal pulse. !

The sediment dynamics of the Brahmaputra are particularly significant. Carrying one of the highest
sediment loads of any river globally, it continually reshapes its banks and islands, forming and
eroding land in a dynamic equilibrium. This geomorphological activity sustains fertile soils
downstream but also contributes to instability and shifting channels. Such processes are integral to
the ecological health of the basin, supporting diverse habitats ranging from alpine meadows to
riverine forests and deltaic wetlands.

In this context, large-scale engineering projects must navigate an environment that is inherently
unstable and highly interconnected. The construction of dams, reservoirs, and tunnels involves
extensive excavation and the accumulation of vast volumes of water behind concrete barriers. These
interventions can alter natural flow regimes and sediment transport, while the added pressure of
stored water may interact with geological fault systems. In regions already vulnerable to seismic
activity, concerns about reservoir-induced seismicity and slope destabilization cannot be dismissed.
Similarly, infrastructure carved into steep mountain terrain may increase the risk of landslides,
particularly during periods of heavy rainfall or seismic disturbance.

Understanding these geographical and hydrological characteristics is essential for evaluating the
ecological and safety implications of hydrological engineering in the Eastern Himalayas. The
region’s physical fragility means that infrastructural interventions do not occur in isolation; they
intersect with tectonic forces, climatic variability, and delicate ecosystems.'?> Any assessment of
development strategies in the Brahmaputra basin must therefore begin with an appreciation of the
mountain system’s dynamic nature and the environmental constraints it imposes.

" Bilham, R. (2001). Himalayan seismic hazard. Science, 293(5534), 1442-1444.

8 Bolch, T., et al. (2012). The state and fate of Himalayan glaciers. Science, 336(6079), 310-314.

® Gupta, A. (2007). Large rivers of Asia: The Brahmaputra. Progress in Physical Geography, 31(1), 69-89.

10 Wasson, R. J., et al. (2008). Sediment dynamics and hydrology of the Brahmaputra. Hydrological Processes, 22(16),
2957-2965.

I lyer, R. R. (2003). Water: Perspectives, issues, concerns. Sage Publications.

12 Korup, O., & Montgomery, D. R. (2008). Landslide response to extreme rainfall. Nature Geoscience, 1(8), 573-577.
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China’s Hydrological Engineering Strategy

China’s contemporary water management strategy is anchored in an ambitious vision of large-scale
infrastructure development designed to address uneven water distribution, rising energy demand, and
long-term climate commitments.’> Among its most prominent undertakings is the South-North
Water Transfer Project (SNWTP), which diverts water from the Yangtze basin to the Water deficit
northern provinces.!* While this intra-basin diversion reflects Beijing’s determination to correct
domestic imbalances, an equally significant dimension of its strategy lies in the accelerated
development of hydropower on major rivers originating in the Tibetan Plateau, many of which are
transboundary in nature.'® The Yarlung Tsangpo, the upper course of the Brahmaputra, has emerged
as a focal point of this broader hydrological agenda.

In late 2024, Chinese authorities approved plans for what is projected to become one of the largest
hydropower complexes in the world, located on the lower reaches of the Yarlung Tsangpo near the
Great Bend in Medog County, Tibet. The proposed project envisions a cascade system of dams and
underground power stations designed to harness the river’s dramatic vertical drop as it curves around
the Namcha Barwa massif. Estimates suggest that the total installed capacity could surpass that of the
Three Gorges Dam, potentially generating tens of thousands of megawatts of electricity. The
engineering design reportedly includes extensive tunneling through mountainous terrain to divert
water across steep gradients before returning it to the main channel downstream. Such an
arrangement aims to maximize energy output while minimizing the visible footprint of surface
reservoirs.*

From Beijing’s perspective, this initiative aligns with national priorities in renewable energy
expansion and carbon mitigation. Chinese policymakers have framed the project as integral to
achieving the country’s “dual carbon” objectives—peaking carbon emissions before 2030 and
attaining carbon neutrality by 2060. Official statements emphasize the role of hydropower as a
stable, low-carbon energy source capable of complementing intermittent renewables such as wind
and solar. Additionally, the project is presented as a catalyst for economic development in Tibet,
promising infrastructure investment, employment opportunities, and regional modernization.’

Yet the magnitude and geographical setting of the proposed dam complex introduce formidable
technical and environmental challenges. The Yarlung Tsangpo descends nearly 2,000 meters through
one of the deepest gorges in the world, traversing a region characterized by active fault lines, high
seismicity, and steep, erosion-prone slopes. Constructing long diversion tunnels and stabilizing dam
foundations in such terrain requires advanced engineering solutions and continuous risk assessment.
Moreover, altering the flow regime of a river that carries substantial sediment loads and supports
diverse ecosystems raises questions about downstream impacts. The interplay between tectonic

13 Tilt, B. (2015). Dams and Development in China: The Moral Economy of Water and Power. New York: Columbia
University Press.

14 Webber, M., Crow-Miller, B., & Rogers, S. (2017). The South—North Water Transfer Project: Remaking the geography
of China’s water. Regional Studies, 51(3), 370-382.

15 Firstpost. (2025). Hydro-hegemony in the Himalayas: How China is rewriting the Brahmaputra’s future.

16 Gallagher, K. S., Zhang, F., Orvis, R., Rissman, J., & Liu, Q. (2019). Assessing the policy framework for China’s
carbon neutrality and energy transition. Energy Policy, 131, 346—356.

17 Yeh, E. T. (2013). Taming Tibet: Landscape transformation and the gift of Chinese development. Cornell University
Press.
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instability, hydrological variability, and large-scale infrastructure development makes the project not
only an engineering endeavor but also a significant ecological and geopolitical undertaking.8

Hydrological Engineering and River Dynamics

Major dams and diversion systems fundamentally reshape river behavior and basin-scale hydrology.
Rivers such as the Yarlung Tsangpo follow seasonal cycles driven by snowmelt, glacial runoff, and
monsoon precipitation. These fluctuations regulate not only water availability but also sediment
transport, floodplain fertility, and ecological renewal processes. When hydropower installations
introduce storage reservoirs or diversion tunnels, they disrupt this natural hydrological pulse. Peak
monsoon flows may be attenuated, delayed, or redistributed in accordance with electricity generation
schedules rather than ecological rhythms.'® Over time, such regulation can modify downstream
hydrology in ways that affect agriculture, fisheries, and wetland ecosystems that have historically
evolved in synchronization with the river’s seasonal rise and recession.

In discussions of the Medog, or Great Bend, project, some Chinese sources characterize it as
primarily a “run-of-the-river” scheme, implying limited storage capacity and minimal downstream
disruption. However, even projects categorized under this model entail structural modifications that
influence channel dynamics. Run-of-the-river systems typically divert water through tunnels or
engineered channels to turbines before releasing it back into the main course. In practice, these
schemes often incorporate small reservoirs or forebays to regulate intake and ensure steady power
generation.? Although less expensive than conventional storage dams, such infrastructure can still
alter flow velocity, sediment continuity, and water quality parameters. Changes in temperature
stratification, dissolved oxygen levels, and habitat connectivity may affect aquatic biodiversity,
particularly migratory fish species and endemic organism’s sensitive to environmental variation.?
Sediment transport is among the most critical processes influenced by hydrological engineering. The
Brahmaputra system is recognized for carrying one of the world’s highest sediment loads, a
characteristic that underpins floodplain fertility and delta formation downstream.?? Reservoirs,
whether large-scale or moderate, function as sediment traps, accumulating silt and sand behind dam
structures. As sediment deposition reduces downstream supply, riverine and deltaic ecosystems may
experience diminished nutrient replenishment. The discharge of sediment-depleted or “clear” water
can intensify channel erosion because of its increased capacity to entrain material from riverbeds and
banks. This dynamic may deepen channels, destabilize embankments, and accelerate lateral bank
collapse.

For communities along the lower Brahmaputra, these geomorphological transformations carry direct
socio-economic implications. Enhanced erosion threatens agricultural land, settlements, and
protective infrastructure such as levees and embankments. Alterations in flow timing may also
disrupt cropping cycles and fisheries reliant on seasonal flooding patterns. Over extended periods,
cumulative modifications to flow regimes and sediment balance can reshape river morphology,

18 Chellaney, B. (2011). Water: Asia’s new battleground. Georgetown University Press.

19 Richter, B. D., Mathews, R., Harrison, D. L., & Wigington, R. (2003). Ecologically sustainable water management:
Managing River flows for ecological integrity. Ecological Applications, 13(1), 206-224.

20 International Hydropower Association. (2018). Hydropower sustainability guidelines. IHA London.

21 Olden, J. D., & Poff, N. L. (2003). Ecological consequences of altered flow regimes. Frontiers in Ecology and the
Environment, 1(6), 298-306.

22 Milliman, J. D., & Syvitski, J. P. M. (1992). Geomorphic/tectonic control of sediment discharge to the ocean. The
Journal of Geology, 100(5), 525-544.
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prompting channel migration and floodplain reconfiguration. In a sediment-rich and highly dynamic
system such as the Yarlung Tsangpo—Brahmaputra, even incremental changes introduced by
hydropower infrastructure may trigger cascading ecological and cross-border impacts.

Ecological and Environmental Risks

Fraqgile Ecosystems and Biodiversity

The Eastern Himalayan region sustains exceptionally rich biodiversity, harboring distinctive aquatic
and terrestrial communities adapted to highly dynamic riverine conditions. The interplay of glacial
melt, monsoon-driven flooding, and heavy sediment transport has created habitats that are both
productive and ecologically specialized. Wetlands, riparian forests, braided channels, and oxbow
lakes depend on periodic inundation to replenish nutrients, sustain soil fertility, and maintain habitat
connectivity across floodplains. These cyclical floods underpin inland fisheries, sustain migratory
bird populations along major flyways, and enable the regeneration of riparian vegetation that
stabilizes riverbanks and buffers erosion.?®

Disruptions in the timing, magnitude, or duration of river flows can unsettle these finely balanced
ecological processes. Numerous fish species synchronize spawning with seasonal flood pulses, while
amphibians and invertebrates rely on temporary floodplain pools formed during monsoon overflows.
When peak discharges are reduced, delayed, or artificially regulated, breeding habitats may contract
or vanish, undermining reproductive cycles. Altered sediment deposition patterns can further
diminish habitat heterogeneity, transforming structurally complex ecosystems into more
homogenized environments that support fewer species. Over time, these ecological simplifications
can reduce resilience and heighten the vulnerability of endemic or specialized taxa.?*

Large-scale dam construction introduces additional environmental pressures beyond hydrological
modification. Infrastructure development, such as tunnel blasting, road expansion, and construction
camps, fragments habitats and interrupts wildlife corridors in mountainous terrain. Noise, vibration,
and increased human presence can disturb sensitive fauna, particularly large mammals and avian
species. During construction, exposed slopes and excavated material may elevate sediment
concentrations in rivers, degrading water quality and lowering dissolved oxygen levels.?® In steep
Himalayan landscapes, deforestation and earthworks also increase susceptibility to landslides, which
can bury streams and smother aquatic habitats under debris.'’® In a region already characterized by
ecological fragility and high endemism, even temporary disturbances may generate long-term
consequences for biodiversity integrity and ecosystem stability.

Seismic and Geological Risks

The pronounced seismicity of the Eastern Himalayas introduces a substantial layer of uncertainty to
large-scale hydropower development. Located along the active collision zone between the Indian and
Eurasian tectonic plates, the region experiences frequent tremors and occasional high-magnitude
earthquakes associated with ongoing crustal convergence.2 In such a tectonically dynamic setting, the
construction of massive reservoirs and extensive tunnel systems can alter subsurface stress
conditions. Evidence from global case studies suggests that reservoir-induced seismicity (RIS) may

23 BirdLife International. (2004). Important bird and biodiversity areas in Asia: Key sites for conservation. Cambridge:
BirdLife International.

24 Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES). (2019). Global
assessment report on biodiversity and ecosystem services. Bonn: IPBES Secretariat.

% Richter, B. D., et al. (2003). Ecologically sustainable water management. Ecological Applications, 13(1), 206-224.
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arise when the loading effect of impounded water modifies crustal stress distributions.?
Additionally, water percolation into pre-existing faults and fractures can increase pore pressure,
reducing frictional resistance and potentially triggering minor to moderate seismic events. In a
landscape already characterized by tectonic instability, the addition of mega-infrastructure inevitably
complicates the regional seismic risk profile.?’

Beyond earthquake-related hazards, intensive excavation in steep and geologically fragile terrain
elevates the probability of landslides and slope failure. The mountain slopes of the Eastern
Himalayas are inherently susceptible to erosion due to intense monsoonal precipitation, fractured
lithology, and weathered rock formations. Activities such as tunnel blasting, road expansion, and
large-scale foundation excavation can disturb slope equilibrium, increasing the likelihood of
rockfalls, debris flows, and mass wasting. Sudden reservoir releases or extreme rainfall events may
further intensify these hazards by saturating soils, raising pore-water pressure, and accelerating slope
movement. The cumulative interaction of seismic forces, hydrological extremes, and engineered
interventions produces a complex and interdependent risk environment in which geological
processes and infrastructure development are tightly intertwined.?

Sediment Trapping and River Morphology

Sediment transport is fundamental to river morphology, floodplain formation, and downstream
agricultural productivity. In the Brahmaputra basin, the river’s exceptionally high sediment load has
historically replenished the soils of Assam and Bangladesh, depositing nutrient-rich alluvium during
seasonal inundation. This annual renewal has supported intensive cultivation of rice, tea, jute, and
other crops, anchored regional food security and sustained rural livelihoods. Continuous sediment
redistribution also preserves the river’s braided morphology, generating sandbars and Mid-Channel
Islands (chars) that shape settlement patterns and local agrarian practices.?®

When upstream dams intercept a substantial proportion of sediment, downstream impacts can
become pronounced. Reservoirs function as sediment traps, capturing suspended silt and bedload that
would otherwise nourish floodplains. Over time, reduced sediment delivery may diminish soil
fertility and increase dependence on artificial fertilizers to maintain crop yields. Simultaneously,
sediment-depleted or “clear” water released from dams often exhibits enhanced erosive potential,
accelerating riverbank erosion and destabilizing adjacent farmland.

A sustained reduction in sediment supply can also weaken the structural resilience of floodplains.
Natural levees—formed by repeated overbank deposition, may gradually degrade, lowering the
landscape’s capacity to buffer high flows. Altered sediment regimes contribute to channel incision or
lateral instability, potentially triggering abrupt shifts in river courses. In a highly dynamic system
such as the Brahmaputra, such channel migration can endanger villages, transportation corridors, and
flood-control infrastructure located along its banks.®® These geomorphological adjustments,
compounded over time, intensify both environmental stress and socio-economic vulnerability for
downstream communities.

% Gupta, K. K. (2000). Reservoir-induced seismicity: A review. Engineering Geology, 58(3—4), 279-310.

27 National Research Council. (2013). Induced seismicity potential in energy technologies. Washington, DC: National
Academies Press.

28 World Commission on Dams. (2000). Dams and development: A new framework for decision-making. London:
Earthscan.

29 Rudra, K. (2008). The Brahmaputra basin: Water resource and river systems. Kolkata: Academic Publishers.

%0 Gupta, A., & Rudra, K. (2010). Riverbank erosion and channel dynamics in the Brahmaputra. Current Science, 98(6),
779-784.
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Downstream Consequences to India and Bangladesh

Although a substantial share of the Brahmaputra’s total discharge originates from monsoon rainfall
and tributaries within Indian territory, upstream interventions can still influence downstream
hydrological dynamics in meaningful ways. River basins operate as integrated systems, where
modifications in headwater regions may affect the timing, magnitude, and variability of flows
downstream. Sudden reservoir releases, whether undertaken for operational regulation, extreme
rainfall management, or in response to seismic events, have the potential to amplify flood peaks in
Arunachal Pradesh and Assam. In areas already prone to annual flooding, such surges can
overwhelm embankments, disrupt transportation networks, damage homes and croplands, and strain
disaster response mechanisms. !

Concerns extend beyond episodic flood intensification. Abrupt high-volume discharges or,
alternatively, sustained reductions in lean-season flows carry significant implications for agriculture,
inland fisheries, and human security. Historically, the Brahmaputra’s seasonal inundation has
replenished soils, sustained wetlands, and supported river-dependent livelinoods. However, if
upstream flow regulation alters the rhythm or predictability of flooding, the consequences may be
twofold: floods could become more destructive due to concentrated releases, or less agriculturally
beneficial if sediment deposition declines. Heightened hydrological variability complicates cropping
cycles and weakens long-standing adaptive practices developed by local communities over
generations.>?

Reduced dry-season discharge presents an additional vulnerability. If substantial volumes of water
are retained or diverted upstream, downstream irrigation systems may encounter shortages during
critical agricultural periods. Lower base flows can also influence India’s hydropower output in the
Northeast and constrain water availability for domestic consumption and ecological maintenance. 3
While some analysts remain skeptical about the feasibility of large-scale inter-basin diversion from
the Brahmaputra, the persistence of uncertainty itself contributes to strategic apprehension. In
transboundary river contexts, perceived hydrological risk can shape diplomatic and security
responses as powerfully as measurable physical change, underscoring the importance of
transparency, confidence-building measures, and cooperative basin management.

Transparency and Information Asymmetry

A recurring obstacle in the governance of transboundary rivers is the absence of comprehensive and
reliable data sharing between upstream and downstream states. In the Brahmaputra River basin,
China and India have established memoranda of understanding that provide for the exchange of
certain hydrological data, particularly during the monsoon season when flood risks are highest.34
However, these arrangements are narrow in scope, time-bound, and largely technical in nature. They
do not amount to a binding, year-round data-sharing framework. Moreover, cooperation has at times

31 National Disaster Management Authority. (2010). Guidelines for management of floods. New Delhi: Government of
India.

32 Salman, S. M. A., & Uprety, K. (2002). Conflict and cooperation on South Asia’s international rivers. Washington,
DC: World Bank.

33 Ministry of Power India. (2010). Hydropower development in North Eastern Region. New Delhi: Government of India.
3 Michel, D., & Passarelli, R. (2014). Hydropower, dams, and geopolitical competition in South Asia’s transboundary
rivers. Washington, DC: Stimson Center.
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been interrupted during periods of heightened geopolitical tension, including border standoffs,
underscoring the fragility of existing mechanisms.*®

Such gaps create a significant information imbalance. For downstream authorities in India, limited
access to real-time upstream flow data constrains the accuracy of flood forecasting and drought
assessment. Effective river basin management depends on timely information about reservoir levels,
discharge rates, and rainfall patterns in upper catchments. When this information is unavailable or
delayed, planners must depend on satellite imagery, indirect modeling, or post-event assessments.
While these tools provide partial insights, they cannot fully substitute for direct hydrological data
exchange.®®

The consequences extend beyond flood control. Inconsistent data complicates irrigation scheduling,
hydropower generation planning, and long-term infrastructure design. It also weakens disaster
preparedness by reducing the lead time available for evacuation and emergency response.®” In
transboundary river systems, transparency functions as a confidence-building measure as much as a
technical necessity. Where uncertainty prevails, even routine hydrological fluctuations can be
interpreted through a strategic lens, increasing mistrust and vulnerability.®

Climate Change as a Risk Multiplier

Climate change introduces an additional and deeply uncertain dimension to the hydrological future
of the Brahmaputra River basin. The Tibetan Plateau, often described as the “Third Pole,” has been
warming at a rate higher than the global average.*® Rising temperatures are affecting glacier mass
balance, altering snowmelt cycles, and reshaping precipitation patterns across the Eastern Himalayas.
These climatic transformations do not occur in isolation; they interact with river systems that are
already being modified by dams, reservoirs, and diversion structures, creating complex and
sometimes unpredictable outcomes.*°

Greater rainfall variability, including more intense cloudbursts and prolonged dry spells, poses
operational challenges for large hydropower installations.** Extreme inflows during heavy monsoon
events can test reservoir storage capacity and dam safety mechanisms, potentially necessitating
emergency water releases. Such sudden discharges may intensify downstream flooding, particularly
when they coincide with natural peak flows.*? Conversely, erratic rainfall patterns may complicate
efforts to maintain steady power generation and water supply during lean seasons.

% Muni, S. D., & Chadha, V. (2018). China—India relations: Managing tensions along the border. Strategic Analysis,
42(4), 321-335.

3% United Nations Economic Commission for Europe. (2013). Convention on the protection and use of transhoundary
watercourses and international lakes: Guide to implementing the convention. New York: United Nations.

37 World Bank. (2014). Data sharing and information exchange in transboundary water management. Washington, DC:
World Bank.

38 Swain, A. (2011). Challenges for water sharing in the Nile Basin: Changing geopolitics and changing climate.
Hydrological Sciences Journal, 56(4), 687—702.

39 Intergovernmental Panel on Climate Change. (2021). Climate change 2021: The physical science basis. Cambridge:
Cambridge University Press.

40 Cullet, P. (2017). Transboundary water law in the Himalayan region. Water International, 42(2), 168-182.

41 Shrestha, A. B., Eriksson, M., Mool, P., Ghimire, P., Mishra, B., & Khanal, N. R. (2015). Climate change in the Hindu
Kush-Himalayas: The state of current knowledge. Kathmandu: International Centre for Integrated Mountain
Development.

42 World Meteorological Organization. (2023). State of the global climate 2022. Geneva: World Meteorological
Organization.
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Glacial retreat presents a different but equally serious concern. In the near term, accelerated melting
can increase river discharge during dry months, temporarily augmenting water availability. Over the
longer term, however, the shrinkage of glacier reserves is likely to reduce the buffering capacity that
sustains perennial flows.*® As glaciers diminish, the reliability of dry-season water supply may
decline, affecting agriculture, hydropower, and ecosystem stability downstream. When combined
with extensive river engineering, climate-induced variability heightens uncertainty in flow regimes
and magnifies risks for both ecological systems and human communities dependent on the basin.**

Strategic and Geopolitical Dimensions

In addition to environmental implications, China’s hydrological initiatives on the Yarlung Tsangpo
carry significant strategic and geopolitical consequences. Rivers that cross national boundaries are
not merely ecological systems; they are also instruments of influence in regional power relations.*
As the upstream state on the Brahmaputra River, China occupies a structurally advantageous
position. This geographic reality grants Beijing a degree of control over the timing and management
of flows before the river enters India, a leverage point that downstream countries cannot easily offset
through conventional diplomatic means or reciprocal measures.

Even in the absence of large-scale diversion, the capacity to regulate water through dams and
reservoirs introduces a latent strategic dimension. Control over upstream infrastructure may shape
perceptions of vulnerability during periods of political friction. Although there is no public evidence
of deliberate water weaponization, the mere possibility that hydrological decisions could influence
downstream conditions contributes to strategic unease. Water thus becomes intertwined with broader
issues of border disputes, regional competition, and infrastructure development in contested areas.*®
China maintains that it exercises sovereign rights over rivers within its territory and frames its
hydropower projects as essential for economic growth and energy transition. From this standpoint,
development along the Yarlung Tsangpo is consistent with national priorities and international norms
permitting reasonable utilization of shared watercourses.*’” However, downstream states often
interpret the situation differently. In the absence of a comprehensive basin-wide treaty or binding
institutional framework, upstream dominance can appear as a form of hydro-hegemony—where
control over a shared resource creates asymmetric influence.*® This perception gap reinforces
mistrust and highlights the intersection of environmental governance with strategic calculation in the
Brahmaputra basin.

Policy and Governance Implications

The current trajectory of developments in the Brahmaputra River basin underscores the importance
of establishing governance frameworks that meaningfully integrate ecological protection,
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developmental priorities, and national security considerations.*® In the absence of a legally binding,
comprehensive transboundary water treaty, the basin lacks a structured institutional mechanism to
manage competing interests and long-term risks.>® While existing memoranda of understanding
provide limited technical cooperation, they fall short of addressing broader concerns related to
cumulative environmental impact and strategic stability.>* Expanding confidence-building measures
and deepening bilateral engagement could help reduce uncertainty and foster greater predictability in
river management. This may involve formalizing real-time, year-round hydrological data sharing,
create joint environmental assessment mechanisms, and institute coordinated emergency response
protocols to address floods, seismic events, or infrastructure-related contingencies.>?

For India, resilience must be pursued through both internal reforms and external engagement.
Strengthening domestic water governance, through improved basin-level planning, scientific
monitoring, and inter-state coordination, remains essential. Investment in adaptive infrastructure,
such as flood-resilient embankments, early warning systems, and climate-responsive irrigation
systems, can reduce vulnerability to hydrological variability. At the same time, sustained
participation in regional environmental diplomacy, including dialogue with upstream and
downstream neighbors, is critical to building cooperative norms and enhancing long-term water
security in an increasingly uncertain climatic and geopolitical environment.

Conclusion

China’s expanding hydrological engineering efforts in the Eastern Himalayas illustrate the complex
intersection of mega-infrastructure development, strategic calculation, and ecological vulnerability
within transboundary river basins.>® The immense scale of the proposed hydropower complex on the
Yarlung Tsangpo, situated in a seismically active and environmentally fragile landscape, amplifies
concerns about cumulative downstream consequences. Alterations to flow regimes, sediment
transport, and seasonal variability especially under mounting climatic stress carry implications not
only for river ecology but also for agriculture, livelihoods, and regional stability across India and
Bangladesh.

These developments can be interpreted through multiple lenses: as instruments of renewable energy
transition, as potential sources of hydro-strategic influence, or as environmental risks with long-term
consequences.® In reality, they embody elements of all three. Because the Brahmaputra River is a
shared and life-sustaining river system, decisions taken upstream inevitably reverberate beyond
national boundaries.” Addressing these challenges requires more than technical safeguards; it
demands institutional transparency, sustained dialogue, and cooperative basin-wide planning
grounded in scientific evidence.® Strengthened governance mechanisms and trust-building measures
are essential to reduce uncertainty and prevent misperception.®® Ultimately, safeguarding the
ecological integrity and stability of the basin is not solely a national concern but a shared
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responsibility, given that millions depend on its waters for food security, energy production, and
ecosystem services.>®
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