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AN ABSTRACT 

The Himalayan-Tibetan Plateau, Asia’s vital "water tower," sustains nearly a 

quarter of humanity through ten major river systems. However, it is 

profoundly vulnerable. Accelerating upstream activities—including mining, 

hydropower, and large-scale infrastructure—interact with tectonic instability, 

rapid climate change, and glacial lake outburst flood (GLOF) risks. This 

creates cascading, transboundary disasters across the Indus, Ganges, 

Brahmaputra, and Teesta basins, impacting Tibet, Nepal, India, and 

Bangladesh. Recent events highlight a dangerous pattern of compounding 

crises. In 2025 and 2026, severe disasters struck the region, including fatal 

flash floods from ice-rock collapses in Gyirong County, destructive GLOFs 

breaching the Nepal-China border, a fatal methane explosion in a Sikkim 

hydropower tunnel, and catastrophic monsoon floods in Assam exacerbated 

by unregulated mining. In late August 2026, Nepal experienced catastrophic 

flash floods triggered by a high-altitude glacier collapse near the Nepal–Tibet 

border- an ice–rock avalanche from Langtang Lirung blocked the 

Lhende/Bhote Koshi River, then failed, releasing a fast-moving debris flow 

that swept 72 km down the Trishuli/Bhote Koshi valley. Early reports 

described it as a glacial lake outburst flood (GLOF), but USGS and scientists 

later clarified it was primarily a glacial collapse and landslide, not a classic 

GLOF. Hundreds died and many remain missing, with severe damage to 

settlements, roads, and hydropower sites. With 47 glacial lakes in Nepal and 

Tibet classified as Potentially Dangerous, the hazard is intensifying. 

Conventional hazard mapping often overlooks smaller, fast-evolving lakes, 

while upstream interventions like dams alter hydrological regimes, trap 

sediment, and degrade ecosystems. Downstream communities bear the heavy toll: Bangladesh has experienced a 30–50 

percent drop in agricultural output due to reduced Teesta flows, and Assam faces recurring devastation from debris-

laden floods. Geopolitical and transboundary implications are equally severe. China’s massive Motuo mega-dam project 

on the Yarlung Tsangpo raises serious downstream concerns regarding flow manipulation and sudden-release risks. 

Simultaneously, GLOF hazards are expanding westward into Ladakh, Himachal Pradesh, and Jammu & Kashmir. 

Governance remains deeply fragmented. Environmental impact assessments focus on isolated projects rather than entire 

river basins, cumulative risks are routinely ignored, and critical data-sharing between upstream and downstream nations 

is largely absent. Historic bilateral treaties are poorly equipped to handle modern climate-induced extremes. To 

safeguard regional water security and millions of livelihoods, development must shift toward integrated river basin 

management and precautionary planning. Key imperatives include expanding transboundary data-sharing, deploying 

satellite-based early-warning systems, implementing nature-based solutions like watershed restoration, and conducting 

rigorous, basin-scale cumulative impact assessments. Ultimately, regional cooperation and interdisciplinary research—

rather than reactive disaster response—are essential for the future of the Himalayas. 
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downstream flooding – environmental governance – social impact assessment – integrated river basin management – 

nature-based solutions – climate resilience – water security 

I-INTRODUCTION 

1.1 Context & Prompters  

The Himalayan-Tibetan Plateau, Asia’s “water tower,” feeds ten major rivers—including the Indus, Ganges, and 

Brahmaputra—supporting nearly a quarter of humanity. Yet this hydrological asset rests on a geologically young, 

unstable mountain belt, where active tectonics, steep slopes, and thawing permafrost increasingly destabilize glaciers 

and ice. Recent disasters highlight escalating transboundary risks: in July 2025, a Purepu Glacier outburst from China’s 

Gyirong County into Nepal destroyed the Rasuwaghadi bridge, signaling growing glacial lake outburst flood (GLOF) 

threats. In August 2026, a catastrophic flash flood near the same border, linked to ice–rock collapse on the Langtang–

Lirung massif, killed at least 270 people and left nearly 1,400 missing, underscoring the cryosphere’s rapid conversion 

into cross-border emergencies. 

The Human Cost of Rising Waters-A Decades of Devastation: A snapshot1  

The infographic outlines a grim overview of the human toll caused by significant flooding events across Asia between 

2012 and 2023. It highlights how extreme weather and climate change have intensified disasters in regions like Nepal, 

China, India, and Pakistan, resulting in thousands of fatalities. Specific incidents, such as glacial 

collapses and unprecedented monsoon rains, are detailed to show the mechanics behind these lethal surges of water. 

Additionally, the text tracks the missing persons from various Indian states following a specific disaster in Nepal, 

emphasizing the chaotic aftermath of such events.  

 

Data points illustrate that over eight thousand people have lost their lives, while millions more have been displaced or 

otherwise impacted. Ultimately, the source serves as a stark reminder of the increasing global vulnerability to water-

based natural catastrophes. 

 
1 Source: TNIE-29th August 2026  
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In July 2026, a methane gas explosion inside the headrace tunnel of the under-construction Teesta Stage‑VI hydropower 

project in Sikkim killed all 25 trapped workers, reviving long-standing warnings about the risks of tunnelling through 

the geologically volatile Himalayan interior. In the same season, unprecedented rainfall combined with what 

investigators and local communities describe as illegal coal and stone mining in Nagaland's Naga Hills to trigger some 

of the worst floods in decades across Assam's Sivasagar, Charaideo, and Golaghat districts, with rivers such as the 

Dikhow — already known to have turned acidic from upstream mine drainage — carrying unprecedented volumes of 

silt and debris into the plains. 

These episodes are not isolated accidents. They reflect a growing collision between accelerating climate change, inherent 

geological and glaciological fragility, an expanding footprint of mining and infrastructure, and environmental 

governance arrangements that remain fragmented along national and sub-national lines even though the rivers, sediment, 

ice, and hazards they govern do not respect borders. Nepal and Tibet alone already host 47 glacial lakes classified as 

Potentially Dangerous Glacial Lakes (PDGLs), a figure that itself signals how much of the upstream hazard landscape 

remains only partially characterized. 

1.2 Research Questions 

● How do upstream mining, dam construction, and infrastructure projects alter hydrological, geomorphological, 

and ecological systems in fragile Himalayan regions? 

● What are the cascading downstream impacts on communities, ecosystems, and transboundary river basins? 

● What governance, monitoring, and policy frameworks could plausibly mitigate these risks? 

● What research and monitoring innovations — particularly for cascading glacial lake outburst flood (GLOF) 

hazard assessment and early-warning system design — are needed to close the data gaps that leave downstream and 

infrastructure-adjacent communities exposed in data-scarce Himalayan basins? 

1.3 Scope and Structure 

The analysis focuses on four major river basins that illustrate the range of upstream-downstream dynamics at work in 

the region: the Indus (Gilgit-Baltistan), the Ganges tributaries (Kosi, Gandak, Karnali), the Brahmaputra/Yarlung 

Tsangpo, and the Teesta. Geographically, the paper spans the Tibet Autonomous Region of China, Nepal, the Indian 

states of Sikkim, Uttarakhand, Himachal Pradesh, Arunachal Pradesh, Jammu & Kashmir, Ladakh, and Assam, and 

Bangladesh. 

Because no single discipline captures the full causal chain from a mining permit, dam design, or destabilizing glacial 

lake to a flooded village two hundred kilometres downstream, the paper draws on hydrology, structural geology, 

glaciology, ecology, and the social sciences of governance. It proceeds from a description of the Himalayan environment 

— including its glacial lake outburst flood hazard — (Section 2), through the upstream pressures acting on it (Section 

3) and the downstream impacts that result (Section 4), to a set of case studies (Section 5), an assessment of governance 

gaps (Section 6), and a concluding discussion of pathways forward that includes a dedicated GLOF research agenda 

(Section 7). 

II-THE FRAGILE HIMALAYAN ENVIRONMENT 

2.1 Geological and Seismic Vulnerability 

The Himalayas are among the youngest and most tectonically active mountain ranges on Earth, formed by the ongoing 

convergence of the Indian and Eurasian plates. This convergence keeps the range seismically active and produces steep, 

structurally weak slopes prone to landslides and rockfall even without human interference. Layered onto this tectonic 

instability is a rapidly changing cryosphere: rising temperatures are thawing the permafrost that has bound rock, ice, and 

debris together for millennia, while glacial retreat is exposing and, in places, destabilizing valley walls. Scientists 

studying the August 2026 Nepal-Tibet flood have described the event as a cascading cryospheric and geomorphic 
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disaster in which an initial ice-rock mass movement interacted with the river system, mobilized huge volumes of 

sediment, and transformed into a debris-laden flood as it moved through a confined valley — a hazard pathway that does 

not require the failure of a previously mapped glacial lake to produce catastrophic downstream consequences (see 

Section 2.4). 

2.2 Hydrological Sensitivity 

Himalayan rivers descend enormous elevation gradients over short distances, generating naturally high stream power, 

heavy sediment loads, and a hydrological regime dominated by the summer monsoon. Because forest cover, wetlands, 

and intact hillslopes play an outsized role in regulating this flashy flow regime, watershed degradation — whether from 

deforestation, mining, or construction — disproportionately increases both the frequency and the peak magnitude of 

downstream floods. 

2.3 Ecological Significance 

The eastern Himalayas and the Brahmaputra floodplain are recognized as a global biodiversity hotspot, hosting wetlands, 

floodplain forests, and fisheries that underpin the livelihoods of millions. These ecosystems perform quantifiable 

services — water purification, sediment transport and deposition that maintains fertile floodplains, nutrient cycling, and 

the natural attenuation of flood peaks — that are steadily eroded as upstream land-use change accelerates. 

2.4 Glacial Lake Outburst Flood (GLOF) Risk 

A distinct but closely related layer of Himalayan fragility is the region's growing glacial lake outburst flood (GLOF) 

hazard. GLOFs are rarely single, isolated events; recent research emphasizes that they typically unfold as cascading 

process chains — an avalanche or ice/rock mass movement forms a temporary ice or rock dam, which impounds a lake 

that later breaches and releases a debris-laden flood downstream. This process-chain framing, rather than a single-trigger 

model, better explains disasters such as the August 2026 Nepal-Tibet flood and its 2025 precursor at Purepu Glacier (see 

Section 5.3), neither of which originated from the failure of a previously mapped, “classical” glacial lake. 

Climate-induced glacier retreat is generating and destabilizing lakes faster than they can be catalogued and assessed. 

Nepal and Tibet alone already host 47 glacial lakes classified as Potentially Dangerous Glacial Lakes (PDGLs). Yet 

current risk assessments are systematically biased toward larger, well-known lakes with long monitoring records, while 

small, rapidly evolving lakes — which scientists warn can generate disproportionately powerful GLOFs relative to their 

size — are frequently overlooked. Systematic scientific assessment of lake morphology, dam stability, triggering 

mechanisms, and downstream flow paths and exposed settlements remains inadequate across much of the Himalayan 

arc, a gap that compounds the hazards described elsewhere in this paper rather than sitting apart from them. 

III-UPSTREAM DEVELOPMENT PRESSURES 

3.1 Mining Activities 

Riverbed sand and stone mining, hillside quarrying, and coal extraction have expanded across the eastern Himalayan 

foothills, notably in Nagaland, Assam, and the Gilgit-Baltistan region of the Indus basin. In the Naga Hills, open-cast 

and small-scale “rat-hole” coal mining — much of it operating with limited state oversight because land and mineral 

rights rest with customary tribal authorities under Article 371(A) of the Indian Constitution — has been repeatedly linked 

to acid mine drainage that turned the Dikhow River acidic and caused mass fish deaths as early as 2022, a problem 

regulators attributed to unspecified upstream activity degrading water quality. During the 2026 monsoon, community 

groups, elected representatives, and independent observers pointed to the same mining activity, together with 

unauthorized stone extraction from riverbeds on the Assam side, as a key factor that had eroded hillslopes, filled river 

channels with silt, and left the Dikhow, Disang, Darika, and Bhogdoi rivers unable to carry the monsoon's discharge 

without breaching their embankments. Abandoned, water-filled mine pits and informal bunds built across river channels 
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have also been reported to behave like small, uncontrolled dams that can suddenly release stored water into downstream 

communities. 

3.2 Hydropower Dams and River Diversions 

A cascade of hydropower projects has been built or is under construction across Sikkim, Uttarakhand, and Arunachal 

Pradesh. In Sikkim's Teesta valley alone, the basin hosts a dense sequence of built, under-construction, and proposed 

hydroelectric projects; the risks of building through this geology were laid bare on 20 July 2026, when a sudden release 

of methane gas trapped in the surrounding rock ignited inside the headrace tunnel of the 500 MW NHPC Teesta Stage-

VI project at Samardung, killing all 25 workers trapped inside after a three-day rescue operation. Reporting has since 

indicated that documented methane hazards at the site had been flagged before the blast, raising questions about 

geological investigation, ventilation, and monitoring standards on Himalayan tunnel projects generally. 

At a much larger scale, China has begun construction of the Motuo (Medog) Hydropower Station on the Yarlung 

Tsangpo, a project reported to cost roughly $167 billion and, on completion, to generate about three times the electricity 

of the Three Gorges Dam — making it the largest hydropower facility in the world, with a planned capacity in the range 

of 60 gigawatts. Indian officials, including Arunachal Pradesh's chief minister, have warned the project could reduce 

flows on the Siang and Brahmaputra rivers or, in the event of a sudden release, act as a “water bomb” downstream; 

Bangladesh has formally requested more information on the project's environmental impact assessment. India has 

responded partly by advancing its own downstream hydropower project, intended in part to offset China's control over 

upstream flows. Beyond flow alteration, researchers have found that large dams of this kind trap sediment that would 

otherwise nourish and stabilize downstream channels, contributing over time to riverbed degradation and declining fish 

populations. 

3.3 Road Construction, Tunnelling, and Infrastructure Expansion 

Road-cutting, blasting, and excavation to expand highway and rail connectivity through narrow Himalayan river 

corridors destabilize slopes that were already close to failure, while tunnelling for hydropower headrace channels and 

transport links can breach and permanently alter underground aquifers — as occurred in the 2009 Tapovan-Vishnugad 

tunnel aquifer breach in Uttarakhand, which dried up local springs and left the tunnel itself vulnerable to sudden inflows. 

Commentary on the August 2026 Nepal-Tibet disaster has stressed that hydropower and road-building infrastructure 

tends to concentrate workers, machinery, and economic assets precisely in the narrow, high-gradient corridors where 

GLOFs, debris flows, and flash floods travel with the greatest force, so that a single upstream failure — glacial or 

otherwise — can inflict disproportionate downstream and on-site damage. 

IV-DOWNSTREAM IMPACTS 

4.1 Hydrological and Geomorphological Changes 

Cumulatively, upstream mining, damming, and construction alter the timing and magnitude of downstream flows, 

dampening dry-season base flows while sharpening flood peaks. Sediment that is trapped behind dams or stripped from 

denuded hillsides redistributes downstream in uneven ways: rivers starved of their natural sediment supply tend to erode 

their banks and lose stabilizing river islands, as observed along stretches of the Brahmaputra in Assam and Bangladesh, 

while rivers overloaded with mining- and construction-derived debris — such as the Dikhow during the 2026 Assam 

floods — lose channel capacity and become more flood-prone. Upstream slope failures and glacial or ice-rock collapses, 

meanwhile, are increasingly implicated as flash-flood triggers distinct from classical glacial lake outburst floods, as both 

the 2025 Purepu Glacier event and the August 2026 Nepal-Tibet event illustrated. 

4.2 Ecological Degradation 

Altered flow regimes and pollution from mining runoff degrade wetlands, floodplain forests, and fisheries that depend 

on predictable seasonal flooding and clean water. Acid mine drainage of the kind documented in the Dikhow, Disang, 

https://ijcope.org/


International Journal of Creative and Open Research in Engineering and Management    

                                                                                                                                                                                                 ISSN: 3108-1754 (Online) 

Volume 02 Issue 08 August-2026 | Impact Factor: 3.5 

 

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/                                                                                                              6 

 

Jhanji, and Teyap rivers directly threatens aquatic life and the irrigation water on which downstream agriculture depends, 

while habitat fragmentation from dams and reduced river connectivity threaten biodiversity across the eastern Himalayan 

hotspot. 

4.3 Social and Livelihood Impacts 

The human cost of these changes falls heaviest on downstream communities with the least capacity to influence upstream 

decisions. In Bangladesh's Teesta-dependent districts, reduced dry-season flow attributed to upstream diversion at India's 

Gajoldoba Barrage has been linked to a large fall in agricultural output — estimates from local officials put the loss at 

30 to 50 percent in some northern districts — disrupting production worth tens of millions of dollars annually and 

pushing affected households toward insecure day-labor work. In Assam, the 2026 floods destroyed homes, roads, 

bridges, and embankments across multiple districts and were reported to have killed dozens of people, with more left 

missing, as debris-laden waters overwhelmed riverbanks that mining and erosion had already weakened. 

4.4 Transboundary Implications 

Because Himalayan rivers cross borders faster than information typically does, an environmental disruption originating 

in Tibet can become a life-threatening emergency in Nepal, India, or Bangladesh within hours, as both the 2025 Purepu 

Glacier outburst and the August 2026 flood demonstrated. China's position at the head of several major river systems, 

and at the head of many of the region's glacial lakes, gives it substantial influence over downstream flow and hazard 

exposure; analysts and officials in India and Bangladesh have repeatedly voiced concern that limited transparency 

around upstream projects — including the Yarlung Tsangpo mega-dam — and limited glacial lake monitoring data leave 

downstream states with little advance warning and reduce their capacity to prepare for either scarcity or sudden releases. 

 

V-CASE STUDIES 

The Himalayas and their interconnected river basins face a converging crisis of geopolitical friction, rapid infrastructure 

expansion, and compounding environmental hazards. From contested flows on the Teesta and large-scale dam plans on 

the Yarlung Tsangpo–Brahmaputra, to recurrent glacial outburst floods along the Nepal–Tibet frontier and the 

destructive overlap of unregulated mining with climate extremes in Assam and Nagaland, South Asia’s transboundary 

waters are under unprecedented strain.Upstream hydropower schemes and water diversions on the Teesta and 

Brahmaputra have reduced downstream discharges, aggravating water stress and heightening transboundary tensions 

among India, China, and Bangladesh. Simultaneously, a string of catastrophic glacial lake outburst floods and related 

disasters illustrates how anthropogenic drivers—especially unregulated mining, road construction, and hillside 

destabilization—amplify natural hazards. Existing monitoring arrangements and legal frameworks are ill-suited to a 

rapidly changing risk landscape in which climate-related hazards are shifting westward and traditional governance 

structures lag behind ecological change. This mismatch leaves shared basins exposed to cascading failures, as early-

warning systems, data-sharing protocols, and joint risk-assessment mechanisms remain weak or absent. The case studies 

collectively point to an urgent, region-wide vulnerability that can only be addressed through robust bilateral and 

multilateral agreements, comprehensive basin-scale risk assessments, and proactive cross-border monitoring. Without 

such measures, the Himalayan river systems will remain dangerously susceptible to compound disasters that transcend 

political boundaries and overwhelm national response capacities. 
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5.1 Teesta River Basin (India-Bangladesh) 

A dense cascade of hydropower projects in Sikkim and Darjeeling has altered the Teesta's natural flow regime, while 

the Gajoldoba Barrage in West Bengal diverts a large share of the river's flow into Indian irrigation canals before it 

reaches Bangladesh. Bangladesh's Water Development Board has recorded dry-season flows falling from a natural 

benchmark of roughly 5,000 cubic feet per second to as low as 400 cusecs at times, a shortfall that Bangladeshi officials 

link to disrupted agriculture, riverbed siltation, and the drying of smaller tributary rivers in the country's northern 

districts. A draft 2011 water-sharing formula that would have allocated 42.5 percent of flow to India and 37.5 percent 

to Bangladesh has never been formally signed, leaving the basin without an operative bilateral agreement even as 

upstream hydropower expansion continues. 

5.2 Brahmaputra/Yarlung Tsangpo (China-India-Bangladesh) 

China's Motuo mega-dam project on the Yarlung Tsangpo — designed to become the world's largest hydropower facility 

— has become the central transboundary flashpoint in the basin, with Indian and Bangladeshi officials warning of 

sediment trapping, altered flow timing, and flood risk, and Tibetan advocacy groups raising additional concerns about 

displacement and the loss of sites they consider sacred. Downstream, Assam's floods, the erosion of river islands (chars), 

and pressure on wetlands and fisheries are shaped by both this upstream development and by more localized mining and 

land-use change within India itself, illustrating how transboundary and domestic upstream pressures compound one 

another in the same basin. 

5.3 Nepal-Tibet Border: The 2025 Purepu Glacier Outburst and the 2026 Flash Floods 

The Nepal-Tibet border corridor around the Gyirong crossing has now produced two closely spaced, transboundary 

glacial disasters. In July 2025, the Purepu Glacier outburst surged from China's Gyirong County into Nepal's Rasuwa 

District, destroying the Rasuwaghadi friendship bridge; while damaging, it drew comparatively limited international 

attention and prompted no lasting institutionalization of cross-border monitoring or early-warning capacity. Just over a 

year later, in August 2026, a far more catastrophic disaster struck the same corridor, killing at least 270 people and 

leaving nearly 1,400 missing after an ice-rock collapse on the Langtang-Lirung massif cascaded into a debris-laden 

flood. 
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Read together, the two events show how road excavation, tunnelling, and hydropower construction in narrow river 

corridors increase exposure to flash floods that can originate from glacial or slope failures dozens of kilometres upstream 

and arrive with little warning — and how a corridor that has already produced one transboundary glacial disaster remains 

exposed to a repeat event absent new monitoring investment. Analysts have argued the 2026 event should prompt a shift 

from conventional hazard mapping focused on known glacial lakes toward broader, cumulative environmental- and 

downstream-risk assessments that account for less predictable ice-rock and permafrost failures, informed by the process-

chain understanding of GLOFs discussed in Section 2.4. 

5.4 Assam-Nagaland Mining and Floods (2026) 

The 2026 Upper Assam floods illustrate how unregulated small-scale mining can amplify an otherwise manageable 

rainfall event into a catastrophe. Investigators and local officials pointed to illegal coal mining in Nagaland and 

unauthorized stone and sand extraction from the Dikhow riverbed as having weakened hillslopes, increased sediment 

loads, and reduced channel capacity, while acid mine drainage continued to degrade water quality in the Dikhow, Disang, 

Jhanji, and Teyap rivers. A pending 2019 Gauhati High Court directive ordering the creation of a dedicated mining task 

force and river-conservation committee had, according to affected communities, not been fully implemented by the time 

the floods struck. 

5.5 The Westward GLOF Threat: Ladakh, Himachal Pradesh, and Jammu & Kashmir 

While the 2025–2026 disasters clustered in the eastern and central Himalaya, emerging research warns that climate 

change may be shifting GLOF hazard westward, toward central and western regions including Jammu & Kashmir, 

Himachal Pradesh, and Ladakh — areas historically considered lower-priority for glacial lake monitoring. This matters 

for India's other transboundary basins in this paper's scope: the Ganges tributaries — Kosi, Gandak, and Karnali — are 

themselves vulnerable to upstream GLOFs originating in Nepal and Tibet, meaning the governance and monitoring gaps 

documented for the Teesta and Brahmaputra basins (Sections 5.1–5.2) apply with equal or greater force to basins where 

hazard assessment has historically been thinner. In response, the Government of India has sanctioned a ₹91.2 lakh 

Ministry of Earth Sciences (MoES) project, led jointly by the University of Kashmir and IIT Roorkee, to assess current 

and future GLOF risks across the Indian Himalayan Region using Earth observation data and modelling — an early but 

still narrowly scoped step toward the basin-wide monitoring capacity this paper argues is needed (see Section 7.5). 

5.6 Key takeaways from the Case studies  

1. Teesta’s flow is heavily altered upstream: Dense hydropower cascades in Sikkim/Darjeeling and the Gajoldoba 

Barrage divert water before it reaches Bangladesh, collapsing dry-season flows from ~5,000 cusecs to as low as 400 

cusecs. 

2. No operative Teesta treaty despite a draft formula: A 2011 draft allocating 42.5% to India and 37.5% to 

Bangladesh remains unsigned, leaving the basin without a binding bilateral agreement amid continued upstream 

expansion. 

3. Brahmaputra’s flashpoint is China’s Motuo mega-dam: The Yarlung Tsangpo project raises transboundary 

concerns over sediment trapping, altered flow timing, flood risk, and socio-cultural impacts, while downstream 

Assam faces compounded pressures from upstream dams and local mining/land-use change. 

4. Nepal–Tibet corridor shows repeat glacial disasters: The 2025 Purepu Glacier outburst damaged infrastructure 

but triggered no lasting cross-border monitoring; the 2026 Langtang-Lirung ice–rock collapse caused mass 

casualties, highlighting persistent exposure. 

5. Infrastructure amplifies transboundary glacial risk: Road excavation, tunnelling, and hydropower in narrow 

corridors increase vulnerability to flash floods originating from distant glacial/slope failures that arrive with little 

warning. 

6. Hazard assessment must broaden beyond glacial lakes: Analysts argue for cumulative environmental and 

downstream-risk assessments that include less predictable ice–rock and permafrost failures, not just known glacial-

lake GLOFs. 
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7. Unregulated mining turned 2026 Assam floods catastrophic: Illegal coal mining in Nagaland and unauthorized 

stone/sand extraction from the Dikhow riverbed weakened slopes, raised sediment loads, reduced channel capacity, 

and degraded water quality via acid mine drainage. 

8. Governance gaps persist despite court directives: A 2019 Gauhati High Court order for a dedicated mining task 

force and river-conservation committee was not fully implemented by the time the 2026 floods struck, per affected 

communities. 

9. GLOF hazard is shifting westward: Climate change may be moving glacial-lake outburst risks toward Jammu 

& Kashmir, Himachal Pradesh, and Ladakh—regions historically lower-priority for monitoring—while Ganges 

tributaries (Kosi, Gandak, Karnali) remain vulnerable to upstream GLOFs from Nepal/Tibet. 

10. India’s monitoring response is nascent and narrow: A ₹91.2 lakh MoES project (University of Kashmir + IIT 

Roorkee) will assess GLOF risks using Earth observation and modelling, but remains narrowly scoped relative to 

the basin-wide monitoring capacity argued as necessary 

VI-GOVERNANCE AND POLICY GAPS 

6.1 Fragmented Regulatory Frameworks 

Environmental-impact assessments for individual mining, dam, and road projects in the Himalayas rarely evaluate 

cumulative impacts across a whole watershed or river basin, and no binding transboundary environmental-governance 

mechanism obliges upstream states to assess or disclose downstream consequences before construction begins. 

6.2 Social Impact Assessment (SIA) Deficits 

Where social impact assessment exists, it tends to be conducted at the level of an individual project rather than integrated 

into basin-scale decision-making, which prioritizes hydrological and energy optimization over the social thresholds — 

displacement, loss of livelihood, cultural disruption — that communities in source basins actually experience. This 

upstream-downstream asymmetry means development priorities are planned at the basin scale while the social costs they 

generate remain external to that planning logic. 

6.3 Institutional and Political Barriers 

Upstream countries have limited obligations to share data with downstream neighbors: China's hydrological data-sharing 

arrangements with India on the Brahmaputra, for example, are periodically suspended or narrowed, and comparable 

transparency around the Yarlung Tsangpo mega-dam has been inconsistent. Existing bilateral treaties, such as those 

between India and Bangladesh, were largely designed around historic water-sharing quotas and are poorly suited to the 

climate-driven variability and infrastructure-induced risks now shaping these basins — a gap illustrated by the unsigned 

2011 Teesta draft agreement, which remains unresolved more than a decade later. 

6.4 Glacial Monitoring and Data Gaps 

A further, largely distinct governance gap concerns glacial hazard monitoring itself. A major constraint on GLOF risk 

assessment across the Himalayas is the lack of geotechnical and in-situ monitoring data: with 47 lakes already flagged 

as potentially dangerous in Nepal and Tibet alone, and an unknown number of smaller, unassessed lakes forming as 

glaciers retreat, no institutionalized cross-border mechanism currently obliges monitoring, assessment, or disclosure 

specific to glacial lake hazard — in contrast to, and largely disconnected from, the project-level environmental 

clearances discussed in Section 6.1. The 2025 Purepu Glacier outburst prompted no lasting institutionalization of cross-

border early-warning capacity along the Gyirong-Rasuwa corridor, a gap the far larger 2026 disaster in the same corridor 

exposed at severe human cost. 
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VII-PATHWAYS FORWARD 

7.1 Precautionary Development Planning 

Rigorous hazard mapping — including permafrost and glacier monitoring — and downstream risk analysis should 

precede, rather than follow, approval of major construction in seismically active, landslide-prone, and glacial-lake-

outburst-vulnerable zones. Where such hazard data cannot yet support a confident risk assessment, a moratorium on new 

high-risk projects is a defensible precautionary default rather than an anti-development position. 

7.2 Integrated River Basin Management (IRBM) with Social Impact Integration 

Embedding social impact assessment directly into basin-scale planning — rather than treating it as a project-level 

formality — would allow planners to define socially significant thresholds, strengthen participatory governance for 

communities in source basins, and support genuinely adaptive management as conditions change. 

7.3 Transboundary Cooperation and Early-Warning Systems 

Resuming and expanding hydrological data-sharing arrangements — between India and China on the Brahmaputra, and 

between India and Bangladesh on the Teesta — together with joint early-warning systems for glacial lake outburst 

floods, flash floods, and dam-break scenarios, would give downstream populations the lead time that recent disasters 

have shown they currently lack. 

7.4 Nature-Based and Bioengineering Solutions 

Bamboo-based bioengineering and other nature-based slope-stabilization techniques offer a lower-cost, more climate-

resilient alternative to concrete structures in many contexts, while watershed restoration, afforestation, and more 

sustainable land-use practices can directly reduce the erosion and sediment loads that upstream mining and construction 

generate. 

7.5 Priority Research Agenda: Cascading GLOF Hazard Assessment and Early-Warning System Design 

Building on the process-chain understanding of GLOFs introduced in Section 2.4, the single most impactful research 

priority to emerge from the 2025–2026 disaster sequence is integrated cascading hazard assessment and early-warning 

system design for transboundary GLOFs in data-scarce Himalayan regions. Four research dimensions follow directly 

from the gaps documented in this paper. 

7.5.1 Cascading hazard process chains. Research should model multi-stage process chains — avalanche or ice/rock 

mass movement → temporary ice or rock dam → lake impoundment → breach → debris flood — rather than single-

event scenarios; identify the thresholds at which ice or rock dams form and fail; and quantify how small, poorly 

monitored lakes can generate disproportionately large floods relative to their size. 

7.5.2 Data-scarce predictive modelling. Given the scarcity of geotechnical and in-situ monitoring data across the 

Himalaya, priorities include developing simplified, physics-informed models that work with minimal field data (for 

example, estimating maximum breach depth and potential flood volume from parameters such as the slope of the 

breached channel, derivable from past events); leveraging freely available satellite data, including radar interferometry, 

to identify which lakes are destabilizing and estimate when triggering events may occur; and integrating machine-

learning approaches, such as Random Forest models, with GIS to map nationwide susceptibility to floods, landslides, 

and their interaction zones. 

7.5.3 Transboundary monitoring and early-warning institutions. The Purepu Glacier outburst and the August 2026 

flood, both centered on the same Gyirong-Rasuwa corridor, demonstrate the transboundary nature of GLOF risk. 

Effective disaster risk management requires continuous monitoring of glaciers, unstable slopes, and glacial lakes using 

satellite observation and ground-based gauges; early-warning systems capable of buying communities enough time to 

evacuate; and institutional mechanisms for data-sharing and coordinated response between Nepal, China, and 
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downstream countries — including India, given the westward shift in GLOF threat toward Ladakh, Himachal Pradesh, 

and Jammu & Kashmir documented in Section 5.5. 

7.5.4 Land-use policy and settlement planning. Scientific risk assessments must directly inform land-use policy and 

planned settlements in vulnerable Himalayan regions. Priorities include evaluating how settlements, bridges, roads, 

dams, and hydropower facilities would withstand GLOFs, cloudbursts, and other cascading hazards; mapping the spatial 

connectivity of multi-hazard flow zones to downstream populated areas; and aligning risk-informed infrastructure 

development with climate adaptation and sustainable investment screening — extending the precautionary planning 

principle of Section 7.1 specifically to glacial hazard. 

This research agenda has direct strategic relevance for India, aligning with the water security, climate resilience, and 

governance priorities discussed throughout this paper. The Government of India has already sanctioned a ₹91.2 lakh 

MoES project (University of Kashmir and IIT Roorkee) to assess current and future GLOF risks across the Indian 

Himalayan Region using Earth observation data and modelling, and India's transboundary river basins — including the 

Kosi, Gandak, and Karnali — remain vulnerable to upstream GLOFs originating in Nepal and Tibet, reinforcing the 

case for bilateral and trilateral monitoring cooperation set out in Section 7.3. 

VIII-CONCLUSION 

1. Asia’s water tower under stress — The Himalayan-Tibetan Plateau feeds ten major rivers supporting ~25% of 

humanity, yet its young tectonics, thawing permafrost, and retreating glaciers make it increasingly hazard-prone. 

2. Cascading transboundary disasters — Upstream mining, dams, and infrastructure interact with geological and 

cryospheric instability to generate cross-border floods across the Indus, Ganges tributaries, Brahmaputra/Yarlung 

Tsangpo, and Teesta basins. 

3. 2025–2026 warning sequence — The 2025 Purepu Glacier outburst (Gyirong→Rasuwa) and the 2026 

Langtang–Lirung ice–rock collapse flash flood (≥270 dead, ~1,400 missing) reveal a recurring transboundary 

GLOF/flash-flood pattern, not isolated anomalies. 

4. Infrastructure concentrates risk — Tunnels, dams, and roads place workers and assets in narrow, high-gradient 

corridors where debris floods travel fastest, amplifying on-site and downstream casualties. 

5. Teesta tragedy highlights geotechnical gaps — The July 2026 methane explosion in Teesta Stage-VI (25 deaths) 

underscores inadequate geological investigation, ventilation, and monitoring in Himalayan tunnelling. 

6. Mining amplifies monsoon floods — Illegal coal and stone mining in Nagaland’s Naga Hills exacerbated 2026 

Assam floods by eroding slopes, overloading channels with silt, and reducing conveyance capacity. 

7. Acid mine drainage degrades rivers — Upstream mining has acidified rivers like the Dikhow, causing fish kills 

and threatening irrigation water quality for downstream agriculture. 

8. Hydropower alters flows and sediment — Dams trap sediment, degrade floodplain fertility, reduce dry-season 

base flows, and can create sudden-release risks; the Yarlung Tsangpo Motuo mega-dam intensifies these concerns 

for India and Bangladesh. 

9. Downstream livelihoods bear disproportionate costs — In Bangladesh’s Teesta districts, reduced dry-season 

flows are linked to 30–50% drops in agricultural output; in Assam, debris floods destroyed homes, roads, and 

embankments. 

10. GLOF hazard is shifting westward - Emerging evidence indicates GLOF risk is expanding toward Ladakh, 

Himachal Pradesh, and J&K, extending the threat frontier into basins with thinner monitoring. 

11. 47+ PDGLs and many unknowns — Nepal and Tibet already host 47 Potentially Dangerous Glacial Lakes, but 

small, rapidly evolving lakes remain under-assessed despite their potential for outsized GLOFs. 

12. Process-chain framing is essential — GLOFs often unfold as multi-stage chains (mass movement→temporary 

dam→lake→breach→debris flood); single-trigger models miss key pathways evident in 2025–2026 events. 

13. Cumulative impacts are ignored — Environmental and social impact assessments remain project-specific, 

neglecting basin-scale cumulative hydrological, geomorphological, and social effects. 
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14. Data-sharing is sporadic — Hydrological and glaciological data-sharing between upstream and downstream 

states is inconsistent, limiting early warning and preparedness. 

15. Treaties are outdated — Existing bilateral water treaties focus on historic quotas and are ill-suited to climate 

variability and infrastructure-induced risks. 

16. Social impact assessment is marginal — SIAs are treated as project formalities rather than integrated into basin 

planning that defines socially significant thresholds and protects source-basin communities. 

17. Nature-based solutions are underused — Bamboo bioengineering, watershed restoration, and afforestation can 

reduce erosion and sediment loads more resiliently than concrete-heavy approaches. 

18. Early-warning systems are absent — There is no institutionalized, cross-border glacial lake/flash-flood early-

warning system for corridors like Gyirong–Rasuwa, despite repeated disasters. 

19. Research agenda is urgent — Priorities include cascading GLOF process-chain modelling, data-scarce 

predictive tools, satellite-based monitoring, and ML/GIS susceptibility mapping for floods and landslides. 

20. Precautionary planning is justified — Where hazard data are insufficient, moratoria on high-risk projects in 

seismically active, permafrost-thawing, GLOF-vulnerable zones are a defensible default to protect water security 

and livelihoods. 

IX-SUGGESTED FIGURES AND TABLES 

Rivers do not recognize international borders, yet the policies governing them often stop abruptly at the water's edge. 

From the hydropower cascades choking the Teesta basin and the monumental scale of the Yarlung Tsangpo mega-dam 

to the catastrophic glacial lake outburst floods (GLOFs) shattering communities along the Nepal-Tibet border, the 

Himalayas and their downstream river systems are facing an unprecedented ecological and humanitarian crisis. As 

upstream infrastructural development and accelerating climate change trigger severe downstream impacts—ranging 

from bone-dry riverbeds and toxic acid mine drainage to apocalyptic flash floods claiming thousands of lives—fragile 

ecosystems are buckling under the weight of political friction. With critical data-sharing arrangements remaining ad hoc, 

water-sharing treaties languishing unsigned, and institutionalized early-warning systems glaringly absent, the urgent 

question remains: how can riparian nations bridge profound geopolitical divides before transboundary river basins 

become flashpoints for regional catastrophe? 

9.1 Tables: Cascades of Catastrophe: Mining, Melting Ice, and Downstream Destinies 

1. Table 1: Schematic of cascading hazard process chains (mining → slope failure → debris flood → downstream 

impacts; and avalanche → ice/rock dam → lake → breach → GLOF debris flood). 

2. Table 2: Timeline of recent Himalayan disasters linked to upstream development and glacial hazards (2025–

2026). 

3. Table 3: Priority research dimensions for cascading GLOF hazard assessment and early-warning system design. 

4. Figure 1: Map of major Himalayan river basins with upstream mining, dam, and infrastructure projects marked. 

 

Table 1. Comparative summary of the case studies 

Location Upstream activity Downstream impact Governance gap 

Teesta basin (Sikkim → 

W. Bengal → Bangladesh) 

Hydropower cascade; 

Gajoldoba Barrage 

diversion 

Dry-season flow collapse; 

agricultural losses in 

northern Bangladesh 

Unsigned 2011 water-

sharing draft 

Yarlung Tsangpo / 

Brahmaputra (Tibet → 

Arunachal → Assam → 

Bangladesh) 

Motuo mega-dam (~60 

GW) 

Flow alteration; sediment 

trapping; flood/scarcity risk 

Limited, inconsistent 

hydrological data-

sharing 
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Location Upstream activity Downstream impact Governance gap 

Nepal-Tibet border 

(Gyirong / Langtang / 

Rasuwa) 

Road, tunnel, and 

hydropower construction in 

narrow corridors; 2025 

Purepu Glacier outburst 

preceded 2026 event 

July 2025 Rasuwaghadi 

bridge destroyed; August 

2026 flash flood, 270+ 

deaths, ~1,400 missing 

No institutionalized 

cross-border GLOF 

early-warning system 

Assam-Nagaland 

(Dikhow, Disang basins) 

Illegal coal mining; 

riverbed stone/sand 

extraction 

2026 floods; acid mine 

drainage; embankment 

breaches 

Unimplemented 2019 

court-ordered mining 

task force 

Kosi / Gandak / Karnali 

and western Himalaya 

(Ladakh, Himachal 

Pradesh, J&K) 

Upstream GLOF exposure 

from Nepal/Tibet; 

westward hazard shift 

Emerging risk to 

settlements and 

infrastructure historically 

considered lower priority 

Nascent MoES-funded 

GLOF assessment 

(University of 

Kashmir, IIT 

Roorkee); no basin-

wide early-warning 

mechanism 

Table 2. Comparison of transboundary data-sharing arrangements 

Arrangement Basins covered Status (2026) 

India-China expert-level 

mechanism (2006) 
Brahmaputra, Sutlej 

Diplomatic-channel data sharing; 

periodically limited 

India-Bangladesh Teesta draft 

formula (2011) 
Teesta 

Negotiated but never formally 

signed 

Nepal-China bilateral hazard 

coordination 

Poiqu/Bhote Koshi and other 

border rivers 

Ad hoc; strengthened calls for 

institutionalization after the 2025 

Purepu Glacier outburst and 2026 

floods 

MoES GLOF risk assessment 

project (2026–) 

Indian Himalayan Region 

(Kosi/Gandak/Karnali catchments, 

Ladakh, Himachal Pradesh, J&K) 

Newly sanctioned (₹91.2 lakh); 

Earth-observation-based; domestic 

scope, not yet a transboundary 

mechanism 

Table 3. Research priorities drawn from the GLOF research agenda 

Research dimension Focus Illustrative methods 

Cascading hazard process 

chains 

Model multi-stage GLOF sequences 

rather than single-event scenarios 

Avalanche/ice-rock dam → lake → 

breach → debris-flood process-chain 

modeling; threshold identification for 

dam formation and failure 

Data-scarce predictive 

modelling 

Estimate breach depth and flood 

volume with minimal field data 

Physics-informed models using 

channel-slope parameters; free 

satellite radar interferometry 

Transboundary monitoring and 

early warning 

Coordinate detection and response 

across borders 

Satellite and ground-based gauge 

monitoring; joint Nepal-China-India 

institutional mechanisms 

Land-use policy and settlement 

planning 

Translate hazard data into 

infrastructure and settlement 

decisions 

Multi-hazard flow-zone mapping; 

risk-informed investment screening 
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9.2 Map (Not to Scale): Major Himalayan River Basins with Upstream Mining-Dam and Infrastructure Project  

The majestic Himalayas—often revered as the timeless, immovable roof of the world—are currently undergoing an 

unprecedented, high-stakes transformation driven by rapid upstream development and a warming climate. As industrial 

mining, mega-dams, and expansive infrastructure projects carve deep into fragile mountain slopes, they intersect with a 

landscape already destabilized by melting glaciers and extreme weather. To truly grasp the escalating peril facing 

millions downstream, we must look beyond isolated incidents and examine the interconnected mechanics of disaster. 

Through a comprehensive synthesis of geographic mapping, catastrophic process chains, a sobering timeline of recent 

calamities (2025–2026), and forward-looking research priorities, this analysis decodes the cascading vulnerabilities of 

the Himalayan ecosystem and outlines the urgent roadmap needed to outpace impending ecological crises. 
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XII-LIST OF ACRONYMS  

GLOF Glacial Lake Outburst Flood 

GLOFs Glacial Lake Outburst Floods 

PDGL Potentially Dangerous Glacial Lake 

PDGLs Potentially Dangerous Glacial Lakes 

IRBM Integrated River Basin Management 

SIA Social Impact Assessment 

SIAs Social Impact Assessments 

EIA Environmental Impact Assessment 

EIAs Environmental Impact Assessments 

NHPC National Hydroelectric Power Corporation 

MoES Ministry of Earth Sciences 

GIS Geographic Information System 

ML Machine Learning 

J&K Jammu and Kashmir 

MW Megawatt 

GW Gigawatt 

km Kilometre 
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