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Abstract. An ice-rock mass detached from the northern flank of the Langtang massif, Nepal, at 08:37:10 Nepal Time on 26
August 2026, blocked the Lhende Khola and released a cascade that killed more than 500 people along the Bhote Koshi—
Trishuli—Narayani corridor. This study measures the warning chain end to end, combining the reviewed seismic origin time
with the gauge chronology published by Nepal’s Flood Forecasting Division. The mass public alert followed the trigger by
38.8 min while the wave reached the first inhabited gauge in 12.8 min, giving a lead time of —26 min there and —6 to +4 min
at the next settlement downstream. The two uppermost destroyed gauges were lost at 27 % and 87 % of their own warning
stages, so threshold logic never fired. Fatalities concentrated in the two districts where lead time was negative or negligible,
while districts warned hours in advance became the body-recovery zone. A closed-form energy budget excludes frictional
meltwater as the flood’s source, because supplying the measured 19.96 x 10° m? excess volume would require melting four
times the ice in the entire 2021 Chamoli detachment. The constraint on survival was the time the institutional chain consumed,

not flood magnitude.

1 Introduction

High-mountain Asia supplies water to roughly a quarter of the world’s population from a cryosphere in rapid retreat (Immerzeel
et al., 2020), and it is producing large ice—rock detachments faster than warning systems are being adapted. The 2016 Aru twin
collapses (Kéib et al., 2018), the 2021 Chamoli disaster (Shugar et al., 2021) and recurrent Sedongpu failures on the Yarlung
Tsangpo (Li et al., 2022) established that glacierised bedrock slopes can fail at 107—10% m? with little warning, and more often
than was assumed (Ké&ib et al., 2021). Glacier thinning, rising equilibrium line altitudes and warming of the frozen bedrock
bond in steep faces are documented and accelerating (Gruber and Haeberli, 2007; Hugonnet et al., 2021; Maurer et al., 2019).

Most hazard research addresses where the next failure will occur and how far the resulting flow will travel. A third question
determines whether people live: once a cascade has started, how much of its travel time becomes usable warning? Sittele
et al. (2015) formalised early-warning reliability as a chain in which detection, transmission and response each consume time,
and Cook et al. (2021) demonstrated the detection half of that chain for Chamoli, showing that regional seismic networks
resolved the flow at ranges up to 100 km and could in principle have supported downstream warning. What remains scarce is
measurement of the realised chain, end to end, against a fatal event, because the necessary combination is seldom available. It

requires an instrumentally constrained trigger time together with a documented downstream arrival chronology.
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The 26 August 2026 Bhote Koshi—Trishuli disaster supplies that combination, on a massif with a recent and fatal mass-
movement record: the 2015 Gorkha earthquake triggered an avalanche into Langtang village that killed more than 200 people,
its runout amplified by anomalous winter snow (Fujita et al., 2017). The trigger has a reviewed seismic origin time, and Nepal’s
Flood Forecasting Division published a minute-resolution chronology of gauge failures, bulletin issuance and downstream
arrivals. The flow travelled about 190 km of channel through a population whose exposure was broadly comparable along the
corridor, while the available lead time varied by two orders of magnitude, so the corridor behaves as a natural experiment on
lead time. The analysis is possible only because Nepal’s Department of Hydrology and Meteorology (DHM) released a detailed
technical situation report within a day of the event, while the emergency response was still under way. That report closes by
recommending a technical review of the forecasting and early warning system, and specifically an analysis of the difference
between the observed stage record and the preliminary forecasts. This paper is offered as a contribution to that review.

What follows is an assessment of an architecture rather than of the people who operated it. The limits identified here follow
from where the instruments sit and how the decision path is wired, and they would constrain any downstream-gauge network
in a catchment of this steepness. Staff acted on the information their instruments provided, and the notification that began the
alert sequence came from a district office and from station staff whose own gauge was destroyed twenty minutes later. This
paper measures the warning chain and does not simulate the flow, which is not yet supportable, as Sect. 5 sets out. The analysis

rests only on open, citable observations.

2 Event and data

At 08:37:10 Nepal Time (NPT, UTC+05:45) on 26 August 2026 a combined ice and bedrock mass detached from the glaciated
northern flank of the Langtang massif. The USGS reviewed catalogue (U.S. Geological Survey, 2026) lists the resulting signal
as event us7000tbwb, M 5.2, at zero depth and event type 1landslide, and a second, smaller failure at the same location
followed at 11:45:35 NPT as us7000tc90, M 4.2, also typed landslide. The GFZ reviewed solution (GFZ Helmholtz
Centre for Geosciences, 2026) independently gives M, 5.7 at the same origin and also types the event a landslide. Both are
fixed-depth solutions on different magnitude scales, so neither constrains the mechanism beyond the event type each assigns,
and the agreement on that type is what carries weight. Nepal’s chronology logs the trigger instead as an M 4.4 earthquake
attributed to the Department of Mines and Geology, which was the solution available domestically at the time. For roughly the
first half hour, responders were therefore working from a tectonic interpretation, not from a mass movement with an inevitable
downstream flood consequence. Distinguishing the two in real time is not routinely possible anywhere, and the reclassification
followed later.

Four independent estimates of the initiation point agree within 3.5 km, and every one places the detachment inside Rasuwa
district, 3.3 to 6.6 km south of the Nepal-China boundary (Table 1, Fig. 1). The flow path, by contrast, is transboundary, because
the Lhende Khola drains north across the border, joins the Bhote Koshi in Gyirong County, Tibet Autonomous Region, China,
and the combined flow re-enters Nepal at the Rasuwagadhi crossing. The source lies within Nepal’s own jurisdiction; the

blockage and the lake it impounded do not. Everything else about the source is contested, and Table 1 carries the reported
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values without resolving them. Volume is the one that matters here, and the figure in circulation describes the total mass
mobilised along the runout, most of it channel and valley fill containing no glacier ice, so it sets no ice budget. Section 3.4
instead adopts a detachment volume bracketing the largest documented Himalayan bedrock—ice failures, and reports how the
conclusion behaves if the detached mass were far larger. Expert assessments issued in the days after the event state that no

pre-existing glacial lake drained, so the cascade was not a glacial lake outburst flood (ICIMOD, 2026; USGS, 2026).
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Figure 1. Study area, from OpenStreetMap channel and boundary data. The star marks the detachment source, 3.3 to 6.6 km inside Nepal,
and the dashed segment the unmapped headwater reach, carried as a 13.5 to 15.4 km range. Triangles are gauging stations destroyed on 26

August, circles those that survived. The inset distinguishes the two Nepali rivers named Bhote Koshi.

Table 1. Source and corridor parameters as reported, and the values used here. Reported source geometry disagrees between assessments

made in the days after the event, and that disagreement is carried through, not averaged away.

Quantity

As reported

Used here

Initiation point
Position vs border
Detachment elevation
Vertical drop
Mobilised volume

Detachment volume

four estimates within 3.5 km

3.3 to 6.6 km south

about 4880 m, or 5200 to 5400 m
about 1200 m, or about 1830 m
more than 108 m?®, incl. entrainment

not measured

seismic solution
inside Nepal

not used

carried as a range
sets no ice budget

10 to 30 x 10% m?

Rasuwagadhi to Devghat
Source to Rasuwagadhi
Reach sinuosity

Node to channel

about 168 km (DHM)
unmapped

not reported

178 km measured
13.5t0 15.4 km

1.09 upper, 1.81 lower
within 0.6 km
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The propagation record is the technical situation report issued by DHM’s Flood Forecasting Division on the day, which gives
a minute-resolution chronology, the official warning and danger thresholds at each station, and a discharge analysis at Devghat.
Channel distances are measured along the OpenStreetMap river centreline by shortest path (OpenStreetMap contributors,
2026). Sinuosity varies enough between the upper gorge and the lower Narayani that a single corridor-wide value would
misstate the lower reaches, so each reach is measured separately. Only the headwater segment above Rasuwagadhi is unmapped,
and it is carried throughout as a range, bounded below by the great-circle separation and above by the largest sinuosity measured
on the adjacent reaches. Two names require care. Devighat hydropower station in Nuwakot, one of the damaged installations,
is not Devghat in Chitwan and Tanahun, the downstream gauge used here. More consequentially for the literature, two Nepali
rivers are named Bhote Koshi: the corridor studied here, which drains via Rasuwagadhi to the Trishuli and Narayani in the
Gandaki basin, and a second river 68 km east draining via Kodari to the Sun Koshi. The historical outburst record discussed in

Sect. 3.5 belongs to the second of these.

3 Results
3.1 The lead-time budget

In the chronology of Table 2, institutional latency, defined as the interval from the physical trigger to the mass public alert, was
38.8 min, while the wave reached the first inhabited monitoring point in 12.8 min. That budget divides into three physically
distinct segments. The first ended when the wave reached the gauge, and no domestic architecture could have detected the
event before then by observing the river. A further 10.0 min passed between the loss of Syabrubesi telemetry at 08:50 and
notification of the Division at 09:00, which is the interval required to recognise a negative signal. The final 16.0 min, from
notification to mass dispatch, is confirmation and administrative escalation. Faster procedures can shorten only the last two
segments, because the first shrinks only if detection moves from the river to the source.

Lead time at Syabrubesi was —26 min, and at Betrawati the last reading of 3.55 m at 09:20 was already elevated, so the
front arrived before that time, and on the station’s apparent ten-minute reporting cycle arrival lies between 09:10 and 09:20
with lead time between —6 and +4 min. Both settlements in the districts that recorded fatalities therefore had lead time at or
below zero within observational uncertainty, while downstream of Betrawati it exceeded one hour everywhere. The alert itself
was substantial in reach, but dispatch time is an upper bound on warning performance, because delivery, receipt and response
times are not recorded. Under any response-time floor of the kind Sittele et al. (2015) treat as part of the chain, a lead time of a
few minutes is not operationally useful, so the negative lead times reported here are conservative. The delay had two structural
causes, the first being that the architecture is triggered by downstream gauges, so the first domestic indication was the loss of
Syabrubesi telemetry, a negative signal that must be distinguished from ordinary equipment failure before it can be acted on.
The escalation path then ran from a district office through the national disaster authority to the meteorological department with
no machine-to-machine link, and no arrangement existed for automatic notification across the border, so no upstream signal

was available to shorten the interval.
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Table 2. Chronology of the 26 August 2026 cascade. Times are NPT. Sources: USGS FDSN event web service for the seismic entries, and

the DHM Flood Forecasting Division technical situation report for all others.

Time (NPT) At Event

08:37:10 0 Detachment, USGS us7000tbwb, M 5.2, type landslide
08:40 +2.8 min Syabrubesi gauge, last transmission, 1.62 m

08:50 +12.8 min Syabrubesi gauge destroyed, telemetry ceases

09:00 +22.8 min District office and Betrawati station staff notify the Division
09:15 +37.8 min Confirmation, first early warning issued

09:16 +38.8 min Mass SMS dispatch, 679 295 messages to four districts
09:20 +42.8 min Betrawati gauge destroyed, last reading 3.55 m

11:26 +168.8 min  Phurke (Malekhu) gauge crosses its warning level

11:43 +185.8 min  Phurke station and adjacent bridge swept away

11:45:35 +188.4 min  Second detachment at the source, us7000tc90, M 4.2
16:00 +442.8 min  Devghat peak, 6.57 m, 5850 m® s~*

This gives the architecture a blind zone that no procedure can remove. A downstream-gauge architecture cannot warn any
settlement upstream of its first gauge, and can warn those below it only by the margin between wave travel time and institutional
latency. Reach-integrated celerity over the reach from the source to Syabrubesi was about 38 m s~!, so that margin was negative
along the entire inhabited upper corridor. Celerity then decays monotonically by about a factor of nine to 4.0 m s~! between
Mugling and Devghat (Fig. 2), which is the kinematic signature of a hyperconcentrated debris flow relaxing into a flood wave,
and the upper-reach value exceeds what was measured at comparable range at Chamoli (Shugar et al., 2021). That estimate
rests on reading the 08:50 telemetry cessation as the arrival time. The station reported a normal stage at 08:40, so the front
arrived within that ten-minute window, and the earliest admissible arrival would imply celerities an order of magnitude beyond
any documented mass flow. Arrival close to 08:50 is therefore the physically consistent reading, and the value used here a
conservative one. On any admissible reading the wave reached Syabrubesi well before confirmation. An independent rapid
reconstruction of this event recovers about 37 m s~ in the headwater reach from trimline superelevation on opposing valley
walls (geo-pera, 2026), a method that shares no input with the arrival-time chronology used here and arrives at the same figure.

Table 3 evaluates four alert architectures against the observed arrivals, and each assumed latency is stated as an assumption.
Architecture B assumes an in-channel sensor at the border reporting within 5 min of the wave reaching it. Architectures C
and D assume source-side seismic detection with automated dissemination in 5 min and 2 min respectively. Both budgets
are consistent with operational debris-flow alarm systems, which achieve detection-to-alarm intervals of order one minute in
instrumented catchments (Badoux et al., 2009), and with the demonstrated capability of regional seismic networks to detect
and locate flow events of this size within minutes (Cook et al., 2021). Landslides of this magnitude radiate long-period signals
whose force histories can be inverted from distant stations (Ekstrom and Stark, 2013), so the signal that a detector would act on

is well characterised. Nepal’s national network lies within about 100 km of the source, the range at which Cook et al. (2021)
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(a) Arrival along the corridor (b) Celerity decays by an order of magnitude
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Figure 2. Propagation of the flood wave. (a) Arrival time against measured channel distance from the source. Filled markers are gauge or
agency-confirmed observations, the open marker at Galchhi a forecast time excluded from the celerity estimates. Horizontal bars give the
headwater distance range and vertical bars the arrival brackets set by station reporting cycles. The dashed line marks the mass public alert.
(b) Reach-integrated celerity, decaying by about a factor of nine. The band shows velocities measured at Chamoli 2021 at comparable range

(Shugar et al., 2021).

resolved the Chamoli event. Source-side detection is the only architecture tested that moves the first inhabited settlement
across zero. Propagating the Syabrubesi arrival bracket, architecture C yields between —2 and +8 min there, so the gain at
the uppermost settlement is real but not assured, whereas the gains further downstream of about 34 min at every settlement
below Betrawati do not depend on that bracket. Neither architecture protects Timure or Rasuwagadhi, which lie 17 to 19 km
of channel from the source. For settlements within roughly ten minutes of travel time from a credible detachment source, the

available instrument is siting.

Table 3. Warning lead time in minutes by settlement under four alert architectures. Negative values indicate that the wave arrived before the

alert. Architecture A is observed, while B, C and D are counterfactual with the assumed alert latencies stated in the text.

Architecture Syabru. Betra. Galchhi Malekhu Mugling Devghat
A observed —26 +4 +72 +130 +224 +364
B border sensor -2 +28 +96 +154 +248 +388
C seismic, 5 min +8 +38 +106 +164 +258 +398

D seismic, 2 min +11 +41 +109 +167 +261 +401
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3.2 The uppermost gauges were destroyed below their own thresholds

Latency accounts for only half of the failure. Table 4 sets the last recorded stage at each in-path station against that station’s
official warning and danger levels. The two uppermost destroyed gauges never registered the event. Syabrubesi was lost while
reading 27 % of its warning stage and Betrawati at 87 % of its, so a threshold-triggered system would have issued nothing from
either. The wave arrived faster than the sampling interval could resolve a rise, and the gauges passed from normal to destroyed
without an intervening alarm state. Furthest downstream, Devghat peaked at 6.57 m against a 7.3 m warning threshold, so the

station that survived, in the reach with hours of warning, also never crossed its trigger.

Table 4. Last recorded stage at each in-path station against official DHM thresholds. Four stations were destroyed in total, and the fourth,

Rasuwa Bhote Koshi, has no published threshold record and is omitted.

Station Last(m) Warn(m) Frac. Outcome

Bhote Koshi at Syabrubesi 1.62 6.0 0.27 destroyed, never triggered
Trishuli at Betrawati 3.55 4.1 0.87 destroyed, never triggered
Trishuli at Phurke (Malekhu) 10.48 7.0 150 triggered 11:26, swept 11:43
Trishuli at Kali Khola 12.3 10.8  1.14  triggered 14:14, survived
Narayani at Devghat 6.57 7.3 090 never triggered, survived

Destruction of monitoring infrastructure by the event it is meant to observe is itself a documented failure mode in this region,
most directly at Melamchi in 2021, where the Nakote station recorded the flood and was then lost (Maharjan et al., 2021). What
the present record adds is the quantified fraction of the station’s own threshold at the moment of loss. A gauge destroyed after
crossing its threshold has already discharged its warning function, whereas one destroyed at 27 % of threshold never entered the
alarm logic at all. The monitoring requirement also does not end with the first failure, because a second detachment from the
same source occurred at 11:45:35 NPT, minutes after the Phurke station and its adjacent bridge were swept away, so the source
was still producing failures well inside the response window. In a corridor where the wave outruns the gauge network, stage
thresholds are the wrong detection variable. The only quantity that rose fast enough to be diagnostic was the loss of telemetry
itself. Treating simultaneous telemetry loss at two or more consecutive upstream stations within minutes as a positive alarm
condition, and no longer as an equipment fault to be investigated, is a cheap and immediate improvement. Its false-alarm rate is
that of concurrent independent telemetry failures, orders of magnitude below that of single-station loss, though the coincidence

window requires operational tuning.
3.3 Mortality follows lead time, body recovery does not

Reported fatalities concentrated in Rasuwa and Nuwakot, the reach where lead time was negative or negligible. Copernicus
EMS grading of post-event imagery (Copernicus Emergency Management Service, 2026) records 323 buildings destroyed
at Syabrubesi and 372 at Timure, both above the confluence, and 1826 at Bidur on the Trishuli, with 2521 destroyed and
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3207 graded as affected across the three areas mapped so far. A community of about 250 households in Rasuwa was reported
destroyed in its entirety. The service classifies the imaged deposit as a mass movement, not as a flood, at every one of the three
sites. Downstream, where lead time exceeded an hour, the wave still arrived with destructive force, reaching 12.3 m at Kali
Khola and destroying the Phurke bridge, yet those districts contributed few deaths. The spatial basis of this claim requires care.
No dataset of deaths by district of occurrence exists for this event, and the available district-resolved figure is bodies recovered,
which is a recovery location and not a mortality location. Infrastructure supplies the check that mortality cannot, because a
bridge cannot be carried downstream and counted somewhere else. Of 39 bridges surveyed along the corridor (Humanitarian
OpenStreetMap Team, 2026), every one of the 16 in Rasuwa was washed out, against 11 of 13 in Nuwakot, 5 of 7 in Dhading
and none of the 3 in Gorkha. That gradient runs the same way as lead time and the opposite way to body recovery, which is
what the two measures should do if impact was upstream and retrieval downstream. Mortality location is therefore inferred
from where people were swept away, using that gradient, building-destruction counts, the destroyed resettlement community

and agency statements, none of which is a mortality census. The inference is reported at that strength.

(a) Lead time by settlement (b) Recovery is displaced downstream
-26
Syabrubesi Rasuwa —fJ] 13
Nuwakot [l 41
Betrawati
Dhading -l 45
Galchhi Gorkha - 48
Malekhu — Tanahun - 31
Chitwan - 23
Mugling
Nawalparasi East - 158
Devghat Nawalparasi West - 47
T T T T T T T I T T T T T
-30-10 0 10 100 400 0 50 100 150 200 250
Warning lead time (min, symmetric log) Bodies recovered by 29 Aug 2026
Il observed, wave arrived first @ source-side seismic, 5 min Il districts of the impact reach
I observed, alert arrived first — arrival bracket I downstream recovery districts

Figure 3. Lead time and its consequences. (a) Warning lead time at each settlement under the observed architecture, shown as bars, and
under source-side seismic detection with a five-minute budget to public message, shown as diamonds, on a symmetric-log axis. Horizontal

lines are arrival brackets. (b) Bodies recovered by district as of 29 August 2026, ordered downstream.

Recovery displaced downstream by 100 to 250 km. Totals were still rising through the compilation of this study, from 538
dead and 977 missing reported by NDRRMA at 15:00 NPT on 28 August to 616 and 1924 on the following morning, and
the spatial distribution held its shape throughout. Of bodies recovered, 233 were in Chitwan and 158 in Nawalparasi East

against 13 in Rasuwa (Fig. 3b), with 121 taken from the Narayani alone. The persistence of that shape is itself informative,
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because the total rose by a quarter over the day while the Rasuwa count did not move at all, so the downstream displacement of
recovery widens with time since the event. Only aggregate counts are used here, and no named missing-person registries were
ingested. District mortuary capacity was exceeded roughly five- to eightfold in the districts that received the bodies. Hospital
morgues in Chitwan hold 30 to 50 and an emergency facility for about 250 was required, while Kaski’s combined capacity of 88
received 93 bodies transported from four other districts. This spatial decoupling of mortality from recovery appears not to have
been quantified previously in the cascading-hazard literature, and it carries a direct operational consequence. For long-runout
mountain cascades, mortuary and disaster-victim-identification capacity requires planning at basin scale rather than district

scale, and search effort requires allocation to reaches that an impact model would not identify as affected.
3.4 The frictional melt budget

Early commentary on this event raised the possibility that the energy of the fall melted the detached ice and that the meltwater
became the flood. The proposition is testable in closed form, and two partitions of the frictional heat bracket the physics. Under
a mass-proportional partition, each kilogram of the falling mass converts its own potential energy to heat where that heat is

generated, so ice melts only from dissipation within the ice fraction, and the melt fraction f of the ice mass is

gH

f:Lf+ciAT’

(D

where ¢ is gravitational acceleration, H the vertical drop, Ly = 3.34x10° J kg~ the latent heat of fusion, ¢; = 2100 J kg=! K~}
the specific heat capacity of ice and AT its initial temperature below freezing. For H = 1200 to 1830 m and ice initially
between 0 and —10 °C, Eq. (1) gives f = 3.3 to 5.4 %. Under an all-to-ice partition, every joule of the total mass’s potential
energy reaches the ice, with none lost to rock heating, comminution, air drag, acoustic radiation or the substrate, and the melt
is capped by the ice actually present. The second is a strict thermodynamic ceiling rather than a physical expectation, and
Chamoli shows that it can be approached, because frictional heating there melted nearly all of the ice in an 80:20 rock-to-ice
mass (Shugar et al., 2021), which under this formulation requires roughly 70 % of the total potential energy to have reached
the ice over the full runout drop. The flood volume is measured independently at Devghat. DHM computed a peak discharge
of 5850 m? s~1 at 16:00 against a base flow of 2600 m?® s~, giving 57.40 x 10° m? of total flow and an excess flood volume
of 19.96 x 10° m>. These are rating-curve quantities derived from stage during a sediment-laden flood with four upstream
stations destroyed, and hyperconcentrated flow and event-scale channel change can shift such a rating by tens of per cent. The
conclusion below is insensitive to that uncertainty, as the margins show.

For detachments of 10 to 30 x 106 m? at ice fractions of 0.2 to 0.5, frictional melt yields 0.06 to 0.74 x 10¢ m> under the
mass-proportional partition, which is 0.3 to 3.7 % of the flood, and 0.62 to 3.78 x 106 m? at the thermodynamic ceiling, which
is 3.1 to 18.9 % (Fig. 4a). The inverse statement is stronger because it needs no assumption about the heat partition at all.
Supplying 19.96 x 10° m? of water requires melting 21.8 x 10 m? of ice completely, and the entire Chamoli 2021 detachment
contained about 5.4 x 105 m? of ice, being 27 x 105 m3 at 20 % ice by volume, so the requirement is four times that, with every

gram melted and none surviving into the deposit. Complete melting would match the flood only at bulk detachment volumes
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of 44 to 109 x 10% m? for ice fractions of 0.5 to 0.2. Imposing the energy constraint raises the requirement further, to 0.4 to

0.6 km? of ice under the mass-proportional partition.

(a) Meltwater budget against the observed flood (b) Rebuilt in 177 days, destroyed after 237
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Figure 4. Water source and reconstruction cycle. (a) Meltwater produced by frictional dissipation against detachment volume. The green
band is the mass-proportional partition and the blue band the upper bound in which all frictional heat reaches the ice, each spanning ice
fractions of 0.2 to 0.5, drops of 1200 to 1830 m and initial ice temperatures of 0 to —5 °C. Both fade beyond 3 x 107 m®, where the axis
ceases to describe an ice-bearing detachment. Grey dashed lines show complete melting with no energy constraint, and the arrow marks the
shortfall at the most favourable corner of the parameter space, where the upper bound still falls five-fold short of the observed flood volume
shown in orange. (b) The Rasuwagadhi crossing between the two events, destroyed on 8 July 2025, reopened after 177 days and destroyed

again after 237 days in operation.

The bound is conditional on the detached volume, and the condition is worth stating plainly. If the detached ice-bearing
mass were as large as 10% m3, the ceiling would rise to 31 to 63 % of the flood and frictional melt could not be excluded on
these grounds. That figure is the total mobilised mass including entrained channel and valley fill, which contains no glacier ice,
and a detachment of 10® m? at 30 % ice would imply 30 x 10% m? of glacier ice leaving a single face, larger than the whole
Chamoli detachment. Resolving this requires differencing the source-area topography, which the open imagery record does not
currently permit. That measurement is the decisive test of the melt hypothesis and is stated here as a falsifiable prediction.

Within the adopted volume range, at least 80 % of the flood water, and more plausibly over 95 %, was not frictional meltwater.
It was pre-existing channel water at monsoon stage, pore water in entrained saturated sediment, and water impounded behind
the blockage and released on its failure. Available data do not constrain the partition among these three, though the 12.8 min
transit to Syabrubesi limits the impoundment-and-breach interval to the order of minutes, which argues that the impounded

share was modest. The event is an avalanche-induced channel blockage and breach, in the lineage of Sedongpu (Li et al., 2022)
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and the rockfall-triggered outburst at Barun (Byers et al., 2019). For reference, the potential energy of 10 to 30 x 10° m? falling
1200 to 1830 m at a bulk density of 2000 kg m~3 is 2.4 x 10! to 1.1 x 10%° J, equivalent to M 6.4 to 6.8 if fully radiated
seismically, against an observed M 5.2. Only a small fraction of that energy reaches the seismic wavefield, so magnitude
alone underestimates mass, which is part of why the trigger was first logged as a moderate earthquake. Once a detachment
is detected, the quantity that governs downstream consequence is the blockage and its impoundment. A minutes-scale breach
favours a transient, permeable blockage that overtopped and incised rapidly over a sustained landslide dam, and that is a
falsifiable statement. An independent hydraulic reconstruction has since routed the alternative and found that a sustained dam
and breach reaches the border half an hour to an hour late and peaks near a third of the measured trimline heights, while
a blockage failing within minutes and a direct debris flow both remain admissible (geo-pera, 2026). The residual blockage
subsequently impounded a barrier lake in Gyirong County, China, that reached about 2 x 106 m3 and an overtopping state

within 24 h, prompting a Level-IV alert and suspension of rescue operations on both sides of the border.
3.5 Reconstruction cycle against hazard recurrence

This corridor was destroyed 414 days earlier. On 8 July 2025 an outburst from a previously uncatalogued supraglacial lake
at about 5150 m on the Chinese side of the border, some 36 km upstream of Rasuwagadhi, destroyed the Miteri Sino-Nepal
Friendship Bridge and the Rasuwagadhi dry port and damaged seven hydropower projects. The lake had grown from a small
pond in December 2023 or 2024 to 0.64 to 0.75 km? by June 2025, according to the joint DHM and ICIMOD assessment. The
border closed for 177 days at a reported cost exceeding NPR 22 bn in lost import revenue, and reopened on 1 January 2026 on
a 91 m Bailey bridge built with Chinese support, then operated for 237 days (Fig. 4b). The 2026 event damaged 14 hydropower
projects totalling about 748 MW and destroyed 40 to 42 km of the only overland road connecting Kathmandu to the Chinese
border at Rasuwagadhi, which is the kind of concentrated exposure that Schwanghart et al. (2016) quantified for Himalayan
hydropower against outburst floods. Damage figures are provisional press reports from the days immediately after the event.
The same 40 km of valley was therefore struck twice by physically independent cryospheric mechanisms, first supraglacial
lake drainage and then bedrock—ice detachment with channel blockage and breach.

The regional context requires the disambiguation noted in Sect. 2. The frequently cited outburst record of 1935, 1964 and
1981, and the 2016 Gongbatongshacuo event that Cook et al. (2018) showed to be measurable as a driver of fluvial erosion,
all belong to the Poiqu basin, which drains to the other Bhote Koshi and thence to the Sun Koshi at Kodari, about 68 km
east of Rasuwagadhi and in a different river system. No documented outburst record exists for the Trishuli corridor before
2025, and absence of record is not absence of events, because this corridor was ungauged and lightly reported before the dry
port was built. The two histories together support the regional argument that both transboundary Bhote Koshi corridors are
outburst-prone, and they do not support a single-channel recurrence series.

Exposure in this corridor is partly a product of the previous disaster. The community described in Sect. 3.3 had been re-
settled on the low-lying banks of the Trishuli after the 2015 Gorkha earthquake, so post-disaster reconstruction placed those
households on the active floodplain of a river whose upstream hazard was already documented. Return-period design is poorly

suited to this setting, because it treats each mechanism separately and assumes stationarity, so it does not represent the joint
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cryospheric hazard at a point. The operational arithmetic is simpler, in that rebuilding took 177 of the 414 days between the
two events, or 43 % of the interval, and the replacement crossing operated for 237 days before the second event destroyed it.
The reconstruction was carried out quickly and under acute pressure to restore a trade route on which the district depends, and

the design question it leaves is how to carry an interval this short into the next rebuild, alongside cost and lead time.

4 Discussion

The results converge on one design conclusion, and the downstream hydrology sharpens it. DHM assessed the Devghat stage
as corresponding to a 2 to 3 year return period, a stage-based agency assessment adopted here as such and not independently
verified. By the time the wave had travelled 190 km it was, in conventional flood-frequency terms, an ordinary event, and it
never crossed the Devghat warning threshold. The lethal zone was defined by the reach in which no warning could physically
arrive, so magnitude does not explain the mortality pattern while lead time does. That inference has a limit worth stating.
Along a single flow path, lead time and flow intensity are collinear, because the near field had both the shortest warning and
a hyperconcentrated debris flow at 38 m s~!, while the far field had hours of warning and an ordinary flood wave. Near-
field mortality may therefore have been intensity-limited as well as warning-limited, and this design cannot separate the two.
The failure occurred at 08:37 in daylight, which is favourable for evacuation and makes the absence of warning, and not the
impossibility of response, the operative constraint, and exposure was concentrated by the resettlement described in Sect. 3.5 in
precisely the reach with no lead time. Neither consideration resolves the collinearity, which a per-reach exposure normalisation
would address once population and building data at that scale are available.

Nepal’s current architecture rests on downstream gauges and on a manual escalation path. The event destroyed three of
those gauges within the first 43 minutes and two never crossed a threshold. Three changes follow, in priority order. The most
important is automated source-side seismic triggering, meaning continuous discrimination of surface-source signals in the
glacierised headwaters, wired to public dissemination without a human relay. It is the only architecture tested here that places
the first inhabited settlement on the positive side of zero, it exploits a detection capability already demonstrated at this range
by Cook et al. (2021), and because the source lies inside Nepal it requires no cross-border agreement. The second change is to
treat telemetry loss as an alarm condition in its own right, as Sect. 3.2 sets out. It costs nothing, and it would have advanced
domestic detection by about ten minutes. The third change is machine-to-machine notification for the blockage and the barrier
lake, which formed on the Chinese side of the border and are the specific hazard that such notification would address. Where
no achievable warning latency helps, as at Timure and Rasuwagadhi, the available instruments are land-use restriction, elevated
alignment for critical crossings, and a decision not to rebuild the same assets on the same terraces.

Pre-failure deformation monitoring would not have solved the timing problem. At Chamoli, optical feature tracking resolved
20 to 30 m of horizontal pre-collapse displacement over roughly the five years before failure, concentrated in summer, and the
same study states that the timing of collapse could not have been forecast from satellite data alone (van Wyk de Vries et al.,
2022). Systematic screening of Himalayan slopes on this basis is nonetheless feasible and overdue (Ahmed et al., 2026).

Susceptibility and timing are different problems, because interferometry and feature tracking can identify which slopes above
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which settlements deserve instrumentation and land-use attention, and could not have identified 26 August as the day. That is
why the post-failure lead-time budget is the operative quantity.

A further observation concerns the evidence base itself. Three days after the event, Nepal’s machine-readable disaster
database carried eight flood incidents for the affected corridor whose linked loss records totalled zero deaths and zero miss-
ing, and no event record had yet been opened for the cascade. Every casualty figure in circulation, including those used here,
therefore traces to situation reports and press releases, not to the structured portal. This is a predictable consequence of load,
because the same staff who would populate the database were conducting the response, and the portal depends on the same
manual reporting path as the warning chain. Both are limited by that path, which is an argument for automating the entry of
agency-issued figures rather than a criticism of the agencies compiling them. The record here documents the state of the portal
on 29 August 2026, and it may since have been backfilled.

The same corridor produced two floods in 414 days from mechanisms that current inventories treat as unrelated. Glacial
lake inventories (Veh et al., 2020; Shugar et al., 2020; Taylor et al., 2023) would not have flagged an ice-rock detachment, and
detachment inventories (Kiib et al., 2021) would not have flagged a supraglacial pond that formed within eighteen months.
Corridors such as this one require joint cryospheric hazard assessment at reach scale, integrating lake growth, slope stability
and blockage potential. Haeberli et al. (2017) made the same argument for de-glaciating ranges where degrading permafrost
creates new lakes and destabilises the slopes above them, and the multihazard framing after Melamchi 2021 called for it as
well (Maharjan et al., 2021; Kargel et al., 2016). The boundary condition is the state of the catchment itself. Langtang has lost
41.5 % of its glacier area since the Little Ice Age, its rate of loss has more than quadrupled, and warming there is elevation-
dependent, running at about 0.3 °C decade™! above 4000 m against 0.1 °C decade ' lower down (Silwal et al., 2026). That
gradient concentrates change on exactly the elevations where these failures begin, and the same deglaciation is projected to

raise outburst risk across the Third Pole (Zheng et al., 2021).

5 Limitations

Several analyses that would strengthen this work are not yet supportable, so they are excluded here. No hydrodynamic simula-
tion is offered, because there is no calibrated digital elevation model, no measured inflow hydrograph and no field validation, so
any depth or velocity field would be uncalibrated. Reconstructing the cascade properly would require the sequence of source-
volume, two-phase runout and hydrodynamic models that Lala et al. (2018) applied to an outburst process chain elsewhere
in the Nepal Himalaya, with a solver able to carry the solid and fluid phases together (Mergili et al., 2017), and the inputs
that sequence needs do not yet exist for this event. No detachment volume is estimated either, and the open imagery record
explains why. Two independent releases cover the event, of thirteen and twenty-four very-high-resolution scenes (Vantor, 2026;
Planet Labs PBC, 2026), reaching 0.55 m and including an acquisition three hours after the failure, so neither resolution nor
latency is the deficiency. Neither carries stereo pairs or elevation products. The source is imaged twice after the event, at 3.4
and 3.8 m under 81 to 88 % cloud, and never before it, so no before-and-after pair exists there and the scar geometry cannot be

differenced. The most recent open pre-event scene containing Syabrubesi predates the failure by three months.
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The timing data carry more uncertainty than their reported precision suggests. The chronology is minute-resolution, gauge
nodes are bracketed only within their reporting cycle, and the Mugling entry is logged as confirmed-past and is therefore an
upper bound on front arrival. These are propagated into the celerity ranges and the lead-time brackets, and they are the reason
the counterfactual gain at Syabrubesi is reported as a range and not as a single value. The mortality-location claim rests on
inference rather than on a census, as Sect. 3.3 sets out, and the collinearity of lead time with flow intensity along a single
corridor is not resolved by this design. No formal attribution is offered either, and the documented warming and destabilisation
context is reported without asserting a fraction of attributable risk. No antecedent-meteorology claim is made either, because
circulating accounts of a preceding warm spell are not yet supported by gauge or reanalysis evidence. Casualty figures remain

provisional, and the analysis uses only their spatial distribution, which is stable across revisions, together with aggregate counts.

6 Conclusions

The mass public alert followed the physical trigger by 38.8 minutes while the wave reached the first inhabited gauge in 12.8
minutes, giving a lead time of —26 min at Syabrubesi and between —6 and +4 min at Betrawati. Reported fatalities concentrated
in those two districts, while districts warned hours in advance became the body-recovery zone. The two uppermost destroyed
gauges were lost at 27 % and 87 % of their own warning stages, so threshold logic never fired, and the only signal that did travel
at the speed of the event, the simultaneous loss of telemetry, is still classified as an equipment fault. Automated source-side
seismic detection with a five-minute budget to public message would have delivered between —2 and +8 min at Syabrubesi
instead of —26 min, and about 34 additional minutes at every settlement below Betrawati. Because the detachment occurred
inside Nepal, that measure requires no cross-border agreement.

Frictional melting of the detached ice cannot account for the flood. Supplying the 19.96 x 10® m? excess volume measured
at Devghat would require complete melting of 21.8 x 106 m? of ice, four times the ice content of the entire Chamoli 2021
detachment. The water came from the channel and from impoundment behind a transient blockage, which relocates the post-
detachment monitoring target from the glacier to the blockage. At Devghat the event corresponded to a 2 to 3 year return period
on DHM'’s assessment and never crossed the station’s warning threshold. Rebuilding the Rasuwagadhi crossing consumed 177
of the 414 days between two destructive events from independent cryospheric mechanisms, and the replacement operated for
237 days before it was destroyed. An interval this short belongs in the design case for the replacement asset, alongside its cost

and lead time.

Code availability. The analysis that produces every figure and table in this paper is archived at 10.5281/zenodo.22153581 under CC-BY-4.0.
It is written in Python and relies on NumPy (Harris et al., 2020) and Matplotlib (Hunter, 2007).
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Data availability. The data package underlying every figure, table and number in this paper is archived at 10.5281/zenodo.22153581 under
CC-BY-4.0. Each field in it carries its own source and evidence grade, so any value here can be traced to the record it came from. Five
sources supply everything. Seismic origin times, locations, magnitudes and event classification come from the USGS Advanced National
Seismic System Comprehensive Catalog (U.S. Geological Survey, 2026), and the event overview and runout distance from the USGS Land-
slide Hazards Program (USGS, 2026). The chronology, the official gauge thresholds, the discharge analysis and the flood volume come
from the technical situation report issued on 26 August 2026 by the Flood Forecasting Division of Nepal’s Department of Hydrology and
Meteorology, for which no permanent public URL was located and which was obtained through contemporaneous reproductions whose
quoted figures agree with one another, the copy used being archived with the data. The channel centreline, the international boundary and all
settlement coordinates come from OpenStreetMap (OpenStreetMap contributors, 2026). Building damage comes from the grading products
of Copernicus Emergency Management Service activation EMSR927 (Copernicus Emergency Management Service, 2026), and casualty
and recovery figures from NDRRMA and Nepal Police situation reports of 28 and 29 August 2026. Personal data of disaster victims were
deliberately excluded. Named missing-person registries and hospital and rescue manifests that were publicly reachable during the response

were not ingested, and only aggregate counts appear anywhere in the archive.
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